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Part 2 - Proposal History

Version | Reason for Issuing Version Date
1.0 Draft for Stakeholder Review June 7, 2024
2.0 Draft for Technical Panel Review July 2, 2024
3.0 Publish for Stakeholder Review and Comment July 17, 2024
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Version | Reason for Issuing Version Date

4.0 Submitted for Technical Panel Vote September 3, 2024

5.0 Recommended by the Technical Panel; submitted for IESO | September 10, 2024
Board review

6.0 Approved by the IESO Board October 18, 2024

Approved Amendment Publication Date: October 18, 2024
Approved Amendment Effective Date: November 11, 2024

Part 3 - Explanation for Proposed Amendment
Provide a brief description that includes some or all of the following points:

e The reason for the proposed amendment and the impact on the IESO-administered
markets if the amendment is not made.

e Alternative solutions considered.

e The proposed amendment, how the amendment addresses the above reason and impact
of the proposed amendment on the IESO-administered markets.

Summary

The IESO proposes to amend the market rules to support the implementation of the Market
Renewal Program (MRP), via the Final Alignment (FA) Batch.

The FA Batch consolidates all Technical Panel provisionally recommended/IESO Board
provisionally approved market rule amendments, with three types of further modifications:

1. Updates or corrections to earlier batches resulting from the ongoing implementation
and engagement processes;

2. Transitional market rules required to facilitate the mechanics of transitioning from
the old market to the renewed market; and

3. Administrative “conforming change” — to reflect any updates or corrections, e.g.
update to references and defined terms.

This proposal is based on input from various stakeholder engagement initiatives for the
Market Renewal Program.

Further information on MRP can be found on the IESO’s Market Renewal webpage.
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Background

Previous drafts of MRP market rule amendments have been provisionally approved by the
IESO Board. The Final Alignment batch consolidates these provisionally approved
amendments, with amendments where required, into a single batch that will follow the
formal process for market rule amendments, including a formal vote by Technical Panel to
recommend the market rules for IESO Board consideration, and formal approval by the
IESO Board.

Given the scope of changes being proposed by MRP, each market rule chapter is impacted.
The Final Alignment batch is structured such that there is a proposal for each chapter, with
separate proposals for appendices 7 and 9.

The implementation of MRP will require two parallel sets of market rules to exist
concurrently; the legacy market rules and the renewed market rules. The renewed market
rules, which these proposals will create, will be labelled with unique chapter nhumbers to
delineate them from the legacy market rules. A new section A, and in some chapters a
section B, details the transitional nature of the two sets of market rules. As the renewed
market rules are new chapters, there are no changes tracked. For a tracked changes view
compared against the current market rules baseline, please refer to the MRP Final Alignment

page.

Discussion

The accompanying "Summary of Changes - Final Alignment (Readers Guide)" provides a
summary of the market rule amendments to the market rules.

Part 4 - Proposed Amendment
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Appendix 7.1 — Energy Offer, Schedule or
Forecast Information

1.1

1.11

1.1.2
1.1.3
1.1.4

1.1.5

1.1.6

1.1.7

1.1.8

Energy Offers/Schedules/Forecasts from Generation
Resources

In order for a generation resource to provide energy, its registered market
participant shall submit an offer, schedule or forecast, as applicable that
includes, at a minimum, the information specified in this section 1.1.

Resource name.

Registered market participant.

Dispatch day and dispatch hour(s) for which offer, schedule or forecast applies.
For a dispatchable generation resource, two to twenty price-quantity pairs for
each dispatch hour, the final of which represents the maximum quantity of the
offer.

For a dispatchable generation resource, one to five sets of ramp quantity and its
corresponding ramp up and ramp down values for each dispatch hour applicable

to the entire range of the resources output contained in the offer.

Is this a standing offer, schedule or forecast? Yes/No. If Yes, Date To:
For which day(s) of the week?

For a dispatchable generation resource other than a quick-start resource or a
nuclear generation resource.

1.1.8.1 a minimum loading point;

1.1.8.2  a minimum generation block run-time,

1.1.8.3  a minimum generation block down-time for each thermal state,
1.1.8.4  a /ead time for each thermal state; and

1.1.8.5  ramp up energy to minimum loading point for each thermal state.
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1.2

1.2.1

1.2.2
1.2.3
1.24

1.2.5

1.2.6

1.2.7

1.2.8

1.2.9

1.2.10

Energy Offers from Imports

In order for a boundary entity resource to provide energy from an import, its
registered market participant shall submit an offer that includes, at a minimum,
the information specified in this section 1.2.

Unique boundary entity identifier (interconnection and boundary entity resource).
Registered market participant.
Dispatch day and dispatch hour(s) for which offer applies.

Two to twenty price-quantity pairs for each dispatch hour, the final of which
represents the maximum quantity of the offer.

Is this a standing offer? — Yes/No. If Yes, Date To: For which day(s) of
the week?

Source control area (determined by selecting appropriate boundary entity
resource).

e-Tag identification.

Notwithstanding MR Ch.7 s.3.3, e-Tags shall be submitted within the times
outlined in the JESO interchange tagging procedures and in accordance with the
following:

1.2.9.1 all resources shall be designated as firm for the Ontario
flowgates and the Ontario portion of the /ntertie flowgates;

1.2.9.2 each registered market participant shall submit its e-Tag to the
IESO through the electronic information system sanctioned by
the relevant standards authority or, when not available, by
such alternative means as may be specified by the JESO
consistent with the policies of the relevant standards authority;
and

1.2.9.3 interchange scheduling defaults specified by the relevant
standards authority shall be used unless otherwise approved by
the IESO. Transactions shall be one hour in duration, in
accordance with agreements between contro/ areas along the
path. Transactions shall ramp in/out over the hour and shall
respect a ten-minute ramp period.

Capacity transaction parameter, if applicable.
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1.3 Energy Offers for Virtual Zonal Resources

1.3.1 In order for a virtual zonal resource to participate in the day-ahead market, its
registered market participant shall submit an offer, that includes, at a minimum,
the information specified in this section 1.3.

1.3.2 Virtual trader.

1.3.3 Virtual transaction type indicating an offer.

1.3.4 Virtual zonal resource.

1.3.5 Dispatch day and dispatch hour(s) for which the offer applies.

1.3.6 For a virtual zonal resource, two to twenty price-quantity pairs for each dispatch
hour, the final of which represents the maximum quantity of the offer.
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Appendix 7.2 — Energy Bid Information

1.1

1.11

1.1.2
1.1.3
1.1.4

1.1.5

1.1.6

1.1.7

1.2

1.2.1

1.2.2

1.24

1.2.5

1.2.6

1.2.7

Energy Bids from Load Resources

In order for a dispatchable load to provide energy or when other /oad resources
are submitting bids, its registered market participant shall submit a bid that
includes, at a minimum, the information specified in this section 1.1.

Resource name.
Registered market participant.
Dispatch day and dispatch hour(s) for which bid applies.

Two to twenty price-quantity pairs for each dispatch hour, the final of which
represents the maximum quantity of the bid.

For /load resources, excluding price responsive loads, one to five ramp sets of
ramp quantity and its corresponding ramp up and ramp down values for each
dispatch hour applicable to the entire range of /oad contained in the b/d.

Is this a standing bia? Yes/No. If Yes, Date To: For which day(s) of
the week?

Energy Bids from Exports

In order for @ boundary entity resource to provide energy from an export, its
registered market participant shall submit an b/d that includes, at a minimum,
the information specified in this section 1.2.

Unique boundary entity identifier (interconnection and boundary entity resource).
1.2.3 Registered market participant name.

Dispatch day and dispatch hour(s) for which bid applies.

Two to twenty price-quantity pairs for each dispatch hour, the final of which
represents the maximum quantity of the bid.

Is this a standing bia? — Yes/No. If Yes, Date To: For which day(s) of
the week?

Sink control area (determined by selecting appropriate boundary entity
resource).
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1.2.8

1.2.9

1.2.10

1.3

1.3.1

1.3.2
1.3.3
1.3.4
1.3.5

1.3.6
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e-Tag identification.

Notwithstanding MR Ch.7 s.3.3, e-Tags shall be submitted within the times
outlined in the /ESO interchange tagging procedures and in accordance with the
following:

1.2.9.1 all resources shall be designated as firm for the Ontario
flowgates and the Ontario portion of the /ntertie flowgates;

1.2.9.2 each registered market participant shall submit its e-Tag to the
IESO through the electronic information system sanctioned by
the relevant standards authority or, when not available, by
such alternative means as may be specified by the JESO
consistent with the policies of the relevant standards authority;
and

1.2.9.3 interchange scheduling defaults specified by the relevant
standards authority shall be used unless otherwise approved by
the JESO. Transactions shall be one hour in duration, in
accordance with agreements between control areas along the
path. Transactions shall ramp in/out over the hour and shall
respect a ten-minute ramp period.

Capacity transaction parameter (if applicable)

Energy Bids for Virtual Zonal Resources

In order for a virtual zonal resource participate in the day-ahead market, its
registered market participant shall submit a bid, that includes, at a minimum, the
information specified in this section 1.3.

Virtual trader.

Virtual transaction type indicating a bid.

Virtual zonal resource.

Dispatch day and dispatch hour(s) for which the b/id applies.

For a virtual zonal resource, two to twenty price-quantity pairs for each dispatch
hour, the final of which represents the maximum quantity of the bid.
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Appendix 7.3 — Operating Reserve Offer
Information

1.1

Operating Reserve Offers from Generation Resources

1.1.1 In order for a generation resource to provide operating reserve, its registered
market participant shall submit an offer that includes, at a minimum, the
information specified in this section 1.1.

1.1.2 Resource name.

1.1.3 Registered market participant.

1.1.4 Dispatch day and dispatch hour(s) for which offer applies.

1.1.5 Operating reserve class.

1.1.6 Reserve loading point

1.1.7 Two to five price-quantity pairs for all classes of operating reserve being offered
in each dispatch hour, the final of which represents the maximum quantity of the
offer.

1.1.8 One ramp rate applicable for all classes of operating reserve being offered in
accordance with MR Ch.7 s.3.5.8.

1.1.9 Is this a standing offer? Yes/No. If Yes, Date To: For which day(s) of
the week?

1.2 Operating Reserve Offers from Imports

1.2.1 In order for a boundary entity resource to provide operating reserve from an
import, its registered market participant shall submit an offer that includes, at a
minimum, the information specified in this section 1.2.

1.2.2 Unique boundary entity identifier (interconnection and boundary entity resource).

1.2.3 Registered market participant.

1.2.4 Dispatch day and dispatch hour(s)or which offer applies.

1.2.5 Operating reserve class.
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1.2.6

1.2.7

1.2.8

1.2.9

1.2.10

1.3

1.3.1

1.3.2
1.3.3
1.3.4
1.3.5

1.3.6

1.3.7

Two to five price-quantity pairs for each dispatch hour for each class of operating
reserve being offered, the final of which represents the maximum quantity of the
offer.

Is this a standing offer? — Yes/No. If Yes, Date To: For which day(s) of
the week?

Source control area (determined by selecting appropriate boundary entity
resource).

e-Tag identification.

Notwithstanding MR Ch.7 s.3.3, e-Tags shall be submitted within the times
outlined in the JESO interchange tagging procedures and in accordance with the
following:

1.2.10.1 all resources shall be designated as firm for the Ontario
flowgates and the Ontario portion of the /ntertie flowgates; and

1.2.10.2 each registered market participant shall submit its e-Tag to the
IESO through the electronic information system sanctioned by
the relevant standards authority or, when not available, by
such alternative means as may be specified by the IJESO
consistent with the policies of the relevant standards authority.

Operating Reserve Offers from Dispatchable Loads

In order for a dispatchable load to provide operating reserve, its registered
market participant shall submit an offer that includes, at a minimum, the
information specified in this section 1.3.

Resource name.

Registered market participant.

Dispatch day and dispatch hour(s) for which offer applies.

Operating reserve class.

Two to five price-quantity pairs for each dispatch hour for each class of operating
reserve being offered, the final of which represents the maximum quantity of the

offer.

One ramping rate applicable for all classes of operating reserve being offered.
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1.3.8

1.4

1.4.1

1.4.2
1.4.3
1.4.4
1.4.5

1.4.6

1.4.7

1.4.8

1.4.9

1.4.10

Is this a standing offer? Yes/No. If Yes, Date To: For which day(s) of
the week?

Operating Reserve Offers from Exports

In order for a boundary entity resource to provide operating reserve from an
export, its registered market participant shall submit an offer that includes, at a
minimum, the information specified in this section 1.4.

Unique boundary entity identifier (interconnection and boundary entity resource).
Registered market participant.

Dispatch day and dispatch hour(s) for which offer applies.

Operating reserve class.

Two to five price-quantity pairs for each dispatch hour for each class of operating
reserve being offered, the final of which represents the maximum quantity of the
offer.

Is this a standing offer— Yes/No. If Yes, Date To: For which day(s)
of the week?

Sink control area (determined by selecting appropriate boundary entity
resource).

e-Tag identification.

Notwithstanding MR Ch.7 s.3.3, e-Tags shall be submitted within the times
outlined in the /ESO interchange tagging procedures and in accordance with the
following:

1.4.10.1 all resources shall be designated as firm for the Ontario flowgates and
the Ontario portion of the intertie flowgates; and

1.4.10.2 each registered market participant shall submit its e-Tag to the JESO
through the electronic information system sanctioned by the relevant
standards authority or, when not available, by such alternative means
as may be specified by the JESO consistent with the policies of the
relevant standards authority.
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Appendix 7.4 — Transmission Information
Required for Scheduling and Dispatching

1.1 Transmission Information Required for Scheduling and
Dispatching
1.1.1 Full connection-related reliability information and transmission system data is

required to be provided and updated to the /£SO in accordance with MR Ch.7
s.2.2.5 and MR Ch.4 App.4.16.

1.1.2 Advance outage information is required to be provided to the /£SO in terms of
MR Ch.5.

1.1.3 The following information is required to be advised to the JESO for scheduling
and dispatch purposes:

1.1.3.1 any change to the maximum thermal rating of any transmission
branch as advised by the /£SO to be included in the DAM
calculation engine, pre-dispatch calculation engine and real-
time calculation engine; and

1.1.3.2 any change to the proposed outage plan as advised to and
approved by the JESO.
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Note: The existing Appendix 7.5- The Market Clearing and Pricing Process has
been deleted in its entirety and replaced with the new Appendix 7.5- The Day-
Ahead Market Calculation Process

Appendix 7.5 — The Day-Ahead Market
Calculation Engine Process

1.1

1.11

2.1

2.1.1

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

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

Day-Ahead Market Calculation Engine

Passes of the Day-Ahead Market Calculation Engine

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

2.1.1.1 Pass 1, the Market Commitment and Market Power Mitigation Pass in
accordance with section 0;

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

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

Information Used by the Day-Ahead
Market Calculation Engine

3.1.1 The day-ahead market calculation engine shall use the information in section
3A.1 of Chapter 7.
Page 13 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.00

REV-21-06



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

4.1 Fundamental Sets and Indices
4.1.1 A designates the set of all intertie zones;

4.1.2 B designates the set of buses identifying all dispatchable and non-dispatchable
resources within Ontario;

4.1.3 B c Bdesignates the set of buses identifying price responsive loads,

4.1.4 B c B designates the set of buses identifying dispatchable loads;,

4.1.5 B™PR B designates the set of buses identifying hourly demand response
resources;

4.1.6 B'PC B designates the set of buses identifying non-dispatchable generation
resources;,

4.1.7 B c B designates the set of buses identifying dispatchable generation
resources;

4.1.8 B c g° designates the subset of buses identifying dispatchable non-quick
Start resources;

4.1.9 B*Y c BY% designates the subset of buses identifying pseudo-units,

4.1.10 BC c B° designates the subset of buses identifying dispatchable variable
generation resources;

4.1.11 BRc ge designates the subset of buses identifying energy limited resources;

4.1.12 B c B”° designates the subset of buses identifying dispatchable hydroelectric
generation resources,

4.1.13 B’ZE c B* designates the subset of buses identifying dispatchable hydroelectric
generation resources in set s € SHE;
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4.1.14

4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

4.1.20

4.1.21

4.1.22

4.1.23

4.1.24

4.1.25

4.1.26

4.1.27

A(B™) designates the set of all subsets of the set BHE;

B’Z,’;E c p(BHE) designates the set of buses identifying all upstream dispatchable

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

d,’;c c ,fo(BHE) designates the set of buses identifying all downstream dispatchable
hydroelectric generation resources with a registered forebay that are linked via
time lag and MWh ratio dispatch data with upstream dispatchable hydroelectric
generation resources with a registered forebay;

BfEG C Bdesignates the set of internal buses in operating reserve region re
ORREG,

B;TE : it designates the subset of buses identifying pseudo-units with a share
of steam turbine resource p € PST;

BVOWDE o gPu designates the subset of buses identifying pseudo-units that
cannot provide ten-minute operating reserve from the duct firing region;

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

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

DPMPREr < p designates the set of global market power reference intertie zones,
and boundary entity resources for those /nterties;

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

DX c D designates the subset of /ntertie zone buses identifying boundary entity
resources that correspond to export bids;

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

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

DX, < D, designates the subset of intertie zone buses identifying boundary entity
resources that correspond to export bids in intertie zone a € A;
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4.1.28 DI, c D, designates the subset of /intertie zone buses identifying boundary entity
resources that correspond to import offersin intertie zone a € A;

4.1.29 DX;M c DX designates the /ntertie zone buses corresponding to emergency
energy export transactions for hour A€ {1,..,24};

4.1.30 D)é’vp c DX designates the /ntertie zone buses corresponding to inadvertent
energy payback export transactions for hour A€ {1,..,24};

4.1.31 DJ,'fM c DI designates the intertie zone buses corresponding to emergency
energy import transactions for hour A€ {1,..,24};

4.1.32 D],fMNS c DJ,"':M designates the intertie zone buses corresponding to emergency
energy import transactions that do not support emergency energy export
transactions in hour A€ {1,..,24};

4.1.33 Df,{,’vp c DI designates the /ntertie zone buses corresponding to inadvertent
energy payback import transactions for hour A€ {1,..,24};

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

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

4.1.36 Fr,c € Fdesignates the set of facilities whose post-contingency limit for
contingency c is violated in hour h as determined by a preceding security
assessment function iteration;

4.1.37 J,f p designates the set of bidlaminations for energy at be Bu DXu VB for hour
he{1,..,24};

4.1.38 hf’f designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € Bfor hour h e {1,..,24};

4.1.39 J’},f)[;9 designates the set of reference level value laminations for synchronized ten-
minute operating reserve at bus b € Bfor hour he {1, .. ,24};

4.1.40 ,,%V designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € Bu DX for hour he {1, .. ,24};

4.1.41 J%/%N designates the set of reference level value laminations for non-synchronized
ten-minute operating reserve at bus b € Bfor hour he {1, .. ,24};
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4.1.42 ]398 designates the set of offer laminations for thirty-minute operating reserve at
bus b€ Bu DX for hour he {1, .. ,24};

4.1.43 i ® designates the set of reference level value laminations for thirty-minute
operating reserve at bus b € Bfor hour he {1, .. ,24};

4.1.44 k’,‘j p designates the set of offer laminations for energy at bus b e BuDI'u VO for
hour he {1, .. ,24};

4.1.45 K ‘;7 p designates the set of reference level value laminations for energy at bus
be Bfor hour he{l, .. ,624};

4.1.46 /(,3’2 c K,f p» designates the set of offer laminations for energy corresponding to
the duct firing region of a pseudo-unit at bus b € B*Y%n hour he {1, ..,24};

4147 K% < Kj,» designates the set of offer laminations for energy corresponding to
the dispatchable region of a pseudo-unitat bus be B>Vin hour he {1, . . ,24};

4.1.48 /(%MLP designates the set of offer laminations for energy quantities up to the

minimum loading point for a non-quick start resource at bus b € B"%in hour K e
{1,..,24};

4.1.49 /(,%/ZMLP designates the set of reference level value laminations for energy
quantities up to the minimum loading point reference level for a non-quick start
resource at bus b € 8% in hour he {1, ..,24};

4.1.50 hf’f designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € Bfor hour he {1, .. ,24};

4.1.51 K ;,1,?59 designates the set of reference level value laminations for synchronized
ten-minute operating reserve at bus b € Bfor hour he {1, .. ,24};

4.1.52 h%v designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus be Bu DI for hour he {1, .. ,24};

4.1.53 K,%/%N designates the set of reference level value laminations for non-synchronized
ten-minute operating reserve at bus b e Bfor hour he {1, .. ,24};

4.1.54 k%%? designates the set of offer laminations for thirty-minute operating reserve at
bus b e Bu DI for hour he {1, .. ,24};
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4.1.55 K ?,?f designates the set of reference level value laminations for thirty-minute
operating reserve at bus b € Bfor hour he {1, .. ,24};

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

4.1.57 Lf,VDL c L designates the buses contributing to the zonal price for non-
dispatchable load zone y € Y;

4.1.58 L,lf;’RTQ L designates the buses contributing to the virtual zonal price for virtual
transaction zone m € M;

4.1.59 M designates the set of virtual transaction zones;
4.1.60 NCA designates the set of narrow constrained areas,
4.1.61 DCA designates the set of dynamic constrained areas,
4.1.62 BCA designates the set of broad constrained areas;

4.1.63 PST designates the set of steam turbine resources offered as part of a pseudo-
unit,

4.1.64 SHE designates the set indexing the sets of dispatchable hydroelectric generation
resources with a maximum daily energy limit or a minimum daily energy limit or
both for a registered forebay,

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

4.1.66 VB c Vdesignates the set of bids for energy corresponding to virtual
transactions;

4.1.67 VO < Vdesignates the set of offers for energy corresponding to virtual
transactions;

4.1.68 V,, € Vdesignates the set of offers and bids for energy corresponding to virtual/
transactions at virtual transaction zone m € M;

4.1.69 VB, < V,, designates the set of bids for energy corresponding to virtual
transactions at virtual transaction zone m € M;
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4.1.70

4.1.71

4.1.72

4.2

4.2.1

4.2.2

VO, < V,, designates the set of offers for energy corresponding to virtual
transactions at virtual transaction zone m € M;

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

Zsqn, designates the set of all /ntertie limit constraints.

Market Participant Data Parameters

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

BNDG .

4.2.1.1

4.2.1.2

QNDG},,, designates the maximum incremental quantity of energy
that may be scheduled in hour 4 € {1,..,24} in association with offer
lamination k € K7 ,; and

PNDG,, ;, designates the price for the maximum incremental quantity
of energyin hour A € {1,.,24} in association with offer lamination k€

Kl

With respect to a dispatchable generation resource identified by bus b€ B”¢:

4.2.2.1

4.2.2.2

4.2.2.3

4.2.2.4

4.2.2.5

4.2.2.6

MinQDG, designates the minimum loading point,

QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in hour 4 €
{1,..,24} in association with offer lamination k€ K7 ,;

PDG},,, designates the price for the maximum incremental quantity of
energyin hour A € {1,..,24} in association with offer lamination k€

K}b;b;

Q105DGy, ,, designates the maximum incremental quantity of
synchronized ten-minute operating reservein hour h € {1,..,24} in

association with offer lamination & € K3,

P10SDGy, ;. designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in hour h €
{1,..,24} in association with offer lamination & € K}3;;

Q10NDG,, ;. designates the maximum incremental quantity of non-
synchronized ten-minute operating reservein hour h € {1,..,24} in
association with offer lamination & € 3%;
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4.2.3

4.2.2.7

4.2.2.8

4.2.2.9

4.2.2.10

4.2.2.11

4.2.2.12

4.2.2.13

4.2.2.14

4.2.2.15

4.2.2.16

P10NDG,, ;. designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in hour
h € {1,..,24} in association with offer lamination k € K3.)";

Q@30RDG}, ;. designates the maximum incremental quantity of tAirty-
minute operating reserve in hour h € {1,..,24} in association with
offer lamination k € K3

P30RDG), ., designates the price of the maximum incremental
quantity of thirty-minute operating reservein hour h € {1,..,24} in
association with offer lamination & € K3%f;

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

NumRRDG,, , designates the number of ramp rates provided in hour
he(1,..,24};

RmpRngMaxDG,,, , for we {1,.,NumRRDG,,,} designates the w" ramp
rate break point in hour h € {1, ..,24};

URRDG},,,, for we {1,.,NumRRDG,,} designates the ramp rate in MW
per minute at which the resource can increase the amount of energy
it supplies in hour h € {1,..,24} while operating in the range between
RmpRngMaxDGyp, .. and RmpRngMaxDG,, p, , Where
RmpRngMaxDG), ;,, shall be equal to zero;

DRRDGY,,,, for we {1,.,NumRRDG,,} designates the ramp rate in MW
per minute at which the resource can decrease the amount of energy
it supplies in hour h € {1,..,24} while operating in the range between
RmpRngMaxDGy,, ., and RmpRngMaxDGy, p, ,, Where
RmpRngMaxDG,; shall be equal to zero;

RLP30Ry,, designates the reserve loading point for thirty-minute
operating reservein hour h € {1,..,24}; and

RLP10S,, designates the reserve loading point for synchronized ten-
minute operating reserve in hour h € {1,..,24}.

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

BNS,

4.2.3.1

SUDG, , designates the start-up offerin hour h € {1,..,24};
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4.2.3.2  SNL,, designates the speed no-load offerin hour h € {1,..,24};
4.2.3.3 MGBRTDG,, designates the minimum generation block run-time,
4.2.3.4  MGBDTDG, designates the minimum generation block down-time,
4.2.3.5 MaxStartsDG, designates the maximum number of starts per day;
4.2.3.6  RampHrs, designates the ramp hours to minimum loading point;

4.2.3.7  RampE,, designates the ramp up energy to minimum loading point
for w e {1,.., RampHrs,};

4.2.3.8 QLTMLP, ,,, designates the maximum incremental quantity of energy
up to the minimum loading point that may be scheduled in hour 4 €
{1,..,24} in association with offer lamination & € &7,/""";

4.2.3.9  PLTMLPE,,, designates the price for the maximum incremental
quantity of energy up to the minimum loading point that may be
scheduled in hour 4 € {1,..,24} in association with offer lamination
ke K", and

4.2.3.10 MGODG,, designates the minimum generation cost to operate at
minimum loading pointin hour he{1,..,24}. This parameter is
calculated as follows:

MGODGRJD = SNLh,b + PLTMLPh,b,k " QLTMLPH'UJ]{
kekETMLP
4.2.4 With respect to an energy limited resource identified by bus b € BfLR:

4.2.4.1 MaxDEL, designates the maximum daily energy limitfor a single
resource with or without out a registered forebay.

4.2.5 With respect to a dispatchable hydroelectric generation resource identified by
bus b€ BE.

4.2.5.1 MinHMR), , designates the hourly must-run value for the resource in
hour A € {1,..,24};

4.2.5.2  MinHOy, designates the minimum hourly output for the resource in
hour h € {1,..,24};
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4.2.6

4.2.7

4.2.8

4.2.5.3 MinDEL, designates the minimum daily energy limitfor a single
resource with or without a registered forebay;

4.2.5.4  MaxStartsHE) designates the maximum number of starts per day for
the resource;

4.2.5.5  StartMWj,; for i€{1,.., NStartMW,} designates the start indication
value for measuring maximum number of starts per day; a start is
counted between hours h and (4 + 1) if the schedule increases from
below StartMW,,; to at or above StartMW,,; and

4.2.5.6  (ForLy;, ForUy,) for i € {1,.., NFor,} designate the lower and upper
limits of the forbidden regions and indicate that the resource cannot
be scheduled between ForlL,; and ForU,,; for all 1 €{1,.,NFory}.

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

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

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

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

4.2.7.1  LNK< BMfx Bl designates the set of linked dispatchable
hydroelectric generation resources, where LNK is a set with elements
of the form (b, b,) and b, € Blf and b, € BE;

4.2.7.2  Lagy,;, € {0,..,23} designates the time /ag in hours between
upstream dispatchable hydroelectric generation resources b; € Bu”j
and downstream dispatchable hydroelectric generation resources
b, € BYE for (b,,b,) € LNK; and

4.2.7.3 MWhRatioy, ,, designates the MWh ratio between upstream
dispatchable hydroelectric generation resources b, € BllY and
downstream dispatchable hydroelectric generation resources b, € B5E
for (b;,b,) € LNK.

With respect to a pseudo-unitidentified by bus » e B™V:
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4.2.8.1  STShareMLP, designates the steam turbine resource’s share of the
minimum loading point region;

4.2.8.2  STShareDR, designates the steam turbine resource’s share of the
dispatchable region;

4.2.8.3 Ramp(CT,,, designates the quantity of energy injected w hours before
the pseudo-unit reaches its minimum loading point that is attributed
to the combustion turbine resource for we {1,.., RampHrs,}; and

4.2.84  RampST,, designates the quantity of energy injected w hours before
the pseudo-unit reaches its minimum loading point that is attributed
to the steam turbine resource for we {1, .., RampHrsy}.

4.2.9 With respect to a dispatchable load identified by bus » € B

4.2.9.1 @DLy,,; designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1,..,24} in association with bid
lamination j € /5 ,;

4.29.2  PDLy); designates the price for the maximum incremental quantity of
energyin hour h € {1,..,24} in association with bidlamination /€ /5 ,;

4.2.9.3 Q10S5DLy, ), ; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in
hour 4 € {1, ..,24} in association with offer lamination ;€ /;5;

4.2.9.4  P10SDL,,,; designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in hour h €
{1,..,24} in association with offer lamination ;€ /.3’

4.29.5  Q10NDL,,; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in

hour 4 € {1, ..,24} in association with offer lamination j € /;%";

4.29.6  P10NDL,,; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in hour
h € {1,..,24} in association with offer lamination ;€ /;5";

4.2.9.7 @30RDL,,; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in hour 4 € {1, ..,24}
in association with offer lamination ;€ £%%;
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4.2.9.8  P30RDLy,,; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in hour h € {1,..,24} in
association with offer lamination ;€ £%%;

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

4.2.9.10 NumRRDL,;, designates the number of ramp rates provided in hour
he(1,..,24};

4.2.9.11  RmpRngMaxDL, , , for we {1,..,NumRRDLy, , } designates the wth
ramp rate break point in hour h € {1, . . ,24};

4.2.9.12  URRDLy,y, for we {1,..,NumRRDLy, } designates the ramp rate in
MW per minute at which the dispatchable load can increase its
amount of energy consumption in hour h € {1, . . ,24} while
operating in the range between RmpRngMaxDLh/ bw and

RmpRngMaxDL, , .. where RmpRngMaxDLy, , oshall be equal to zero;

4.2.9.13  DRRDL,,,, for we {1,.,NumRRDL, ,} designates the ramp rate in MW
per minute at which the dispatchable load can decrease its amount of
energy consumption in hour h € {1,..,24} while operating in the
range between RmpRngMaxDLy, ;, ,—1and RmpRngMaxDLy, }, ,,, Where
RmpRngMaxDL,, ;o shall be equal to zero; and

4.2.9.14  QDLFIRM,,, designates the quantity of energy that is bid at the
maximum market clearing price in hourh € {1, ..,24}.

4.2.10 With respect to an Aourly demand response resource identified by bus b € B#PE.

4.2.10.1 QHDR;,; designates the maximum incremental quantity of reduction
in energy consumption that may be scheduled in hour 4 € {1,..,24} in
association with b/id lamination ;€ ],’i Iy

4.2.10.2  PHDR,; designates the price for the maximum incremental quantity
of reduction in energy consumption for hour 4 € {1,..,24} in
association with b/id lamination ;€ ],’i Iy

4.2.10.3 URRHDR, designates the maximum rate in MW per minute at which
the hourly demand response resource can decrease its amount of
energy consumption; and
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4.2.11

4.2.12

4.2.13

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

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

4.2.11.1  QPRL,,; designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1,..,24} in association with bid
lamination ;€ J; ,;

4.2.11.2  PPRL,; designates the price for the maximum incremental quantity
of energyin hour A € {1,..,24} in association with b/id lamination ;e
Ji » and

4.2.11.3  QPRLFIRM,,, designates the quantity of energy that is bid at MMCPin
hour h € {1,..,24}.

With respect to a virtual transaction.:

4.2.12.1 QVB,,; designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1,..,24} from a virtual zonal resource
vE VB in association with bid lamination /€ /7 ;

4.2.12.2  PVB,,; designates the price for the maximum incremental quantity of
energy in hour h € {1,..,24} from a virtual zonal resource ve VB in
association with bid lamination /€ /; ;

4.2.12.3 QV0,,, designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1,..,24} from a virtual zonal resource
v€ VO in association with offer lamination k€ X7 ,; and

4.2.12.4  PVO,,, designates the price for the maximum incremental quantity of
energyin hour h € {1,..,24} from a virtual zonal resource ve VO in
association with offer lamination k€ &7, .

With respect to a boundary entity resource import from intertie zone bus d € DI,
where the /ocational marginal price represents the price for the intertie metering
point.

4.2.13.1  QIG, 4, designates the maximum incremental quantity of energy that
may be scheduled to import in hour 4 € {1,..,24} in association with
offer lamination k€ K7, ;
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4.2.13.2  PIG) 4 designates the price for the maximum incremental quantity of
energy that may be scheduled to import in hour 4 € {1,..,24} in
association with offer lamination k€ &7, ;

4.2.13.3  Q10NIG,, 4 designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to

provide in hour 4 € {1,..,24} in association with offer lamination k€

10N.
Kpa's

4.2.13.4  P10NIG}, 4, designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in hour
h€{1,..,24} in association with offer lamination k€ K;.}";

4.2.13.5 @30RIG,, designates the the maximum incremental quantity of
thirty-minute operating reserve that may be scheduled to provide in
hour 4 € {1,..,24} in association with offer lamination k€ K3%%; and

4.2.13.6  P30RIGp, 4, designates the price for the maximum incremental
quantity of thirty-minute operating reservein hour A€ {1,..,24} in
association with offer lamination ke K30f.

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

4.2.14.1 QXL 4; designates the maximum incremental quantity of energy that
may be scheduled to export in hour 4 € {1,..,24} in association with
bid lamination ;€ /5

4.2.14.2  PXL,,; designates the price for the maximum incremental quantity of
energy that may be scheduled to export in hour 4 € {1,..,24} in
association with bid lamination j € /7 ;

4.2.14.3 Q10NXL,,; designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled to

provide in hour 4 € {1,..,24} in association with offer lamination j €

10N .
h,d r

4.2.14.4  PLONXLp, 4, designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in hour

he{l,..,24} in association with offerlamination j € Jﬁ?dN;

Page 26 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



4.2.14.5 (@30RXL,,; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled to provide in hour
h € {1,..,24} in association with offer lamination j€ ;°F; and

4.2.14.6  P30RXL)4; designates the price for the maximum incremental
quantity of thirty-minute operating reservein hour A€ {1,..,24} in
association with offer lamination je /%F.

4.2.15 With respect to a /inked wheeling through transaction:
4.2.15.1 L, < DXx DI designates the set of linked boundary entity resource
import and export buses corresponding to /inked wheeling through

transactions, where L, is a set with elements of the form (dx, di) and
dx€ DX and di€ DI

4.3 IESO Data Parameters

4.3.1 Variable Generation Forecast

4.3.1.1  FG,, designates the JESO's centralized variable generation forecast
for a variable generation resource identified by bus b€ B¢ in hour
he{1,.24}.

4.3.2 Variable Generation Tie-Breaking

4.3.2.1  NumV( designates the number of variable generation resources in the
daily dispatch order; and

4.3.2.2 TBMy,€ {1, .., NumVG} designates the tie-breaking modifier for the
variable generation resource at bus be B'C.

4.3.3 Operating Reserve Requirements

4.3.3.1 TOT10S, designates the synchronized ten-minute operating reserve
requirement;

4.3.3.2 TOT10R,, designates the total ten-minute operating reserve
requirement;

4.3.3.3 TOT30R, designates the thirty-minute operating reserve requirement;

4.3.3.4 ORREG designates the set of regions for which regional operating
reserve limits have been defined;
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4.3.4

4.3.5

4.3.3.5

4.3.3.6

4.3.3.7

4.3.3.8

REGMin10R,,, designates the minimum requirement for total fen-
minute operating reserve in region re ORREGin hour A€ {1,..,24};

REGMin30R,, designates the minimum requirement for thirty-minute
operating reservein region re ORREGin hour h € {1,..,24};

REGMax10R),, designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r€ ORREG in hour
he{1,..,24}; and

REGMax30Ry,, designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r€ ORREG in hour
he{l,..,24}.

Intertie Limits

4.3.4.1

4.3.4.2

4.3.4.3

4.3.4.4

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

MaxExtSch,, , designates the maximum flow limit for /ntertie flow
constraint z€ Zsin hour A€ {1,..,24};

ExtDSC), designates the net interchange scheduling limit for when the
net flows over all /nterties from hour (42— 1) to hour h decrease; and

ExtUSC, designates the net interchange scheduling limit for when the
net flows over all interties from hour (42— 1) to hour h increase.

Resource Minimum and Maximum Constraints

4.3.5.1

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

4.3.5.1.1 MinDLy, designates the most restrictive minimum
consumption limit for the dispatchable load in hour h at
bus b€ BPL;
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4.3.6

4.3.5.1.2 MaxDLy, designates the most restrictive maximum
consumption limit for the dispatchable load in hour h at
bus b€ B?%;

4.3.5.1.3 MinNDG,;, designates the most restrictive minimum output
limit for the non-dispatchable generation resource in hour
h at bus b€ BP¢;

4.3.5.1.4 MaxNDG,, designates the most restrictive maximum
output limit for the non-dispatchable generation resource
in hour h at bus b€ BVP¢;

4.3.5.1.5 MinDG,, designates the most restrictive minimum output
limit for the dlispatchable generation resource in hour h at
bus b e B¢,

4.3.5.1.6 MaxDG,;, designates the most restrictive maximum output
limit for the dlispatchable generation resource in hour h at
bus b e B¢,

4.3.5.1.7 MaxMLF,;, designates the maximum output limit in hour h
for the minimum loading point region of a pseudo-unit at
bus b€ B>,

4.3.5.1.8 MaxDR),, designates the maximum output limit in hour h
for the dispatchable region of a pseudo-unit at bus b€
BSU: and

4.3.5.1.9 MaxDF,; designates the maximum output limit in hour h
for the duct firing region of a pseudo-unit at bus be BV,

Constraint Violation Penalties

4.3.6.1

4.3.6.2

(PLdViolSchy, , QLdViolSchy,;) for i1 € {1,.., Nyqyi0,} designate the price-
quantity segments of the penalty curve for under generation used by
the As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PLdViolPrcy,;, QLdViolPrcy,;) for i€ {1, .., Nyqyi,} designate the price-
quantity segments of the penalty curve for under generation used by
the As-Offered Pricing algorithm in section 0, Reference Level Pricing
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4.3.6.3

4.3.6.4

4.3.6.5

4.3.6.6

4.3.6.7

4.3.6.8

algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

(PGenViolSchy, ;, QGenViolSchy,;) for 1 € {1, .., Ngeyioy,} designate the
price-quantity segments of the penalty curve for over generation used
by the As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PGenViolPrcy,;,QGenViolPrcy,;) for i€ {1,.., Ngenyip,} designate the
price-quantity segments of the penalty curve for over generation used
by the As-Offered Pricing algorithm in section 0, Reference Level
Pricing algorithm in section 0, Mitigated Pricing algorithm in section
16, and DAM Pricing algorithm in section 21;

(P10SViolSchy,;, Q10SViolSchy,;) for i € {1,.., Nigsyis,} designate the
price-quantity segments of the penalty curve for the synchronized
ten-minute operating reserve requirement used by the As-Offered
Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

(P10SViolPrcy, ,Q10SViolPrcy,;) for 1 € {1, .., Nigsvio,} designate the
price-quantity segments of the penalty curve for the synchronized
ten-minute operating reserve requirement used by the As-Offered
Pricing algorithm in section 0, Reference Level Pricing algorithm in
section 0, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(P10RViolSchy,;; Q10 RViolSchy, ;) for 1€ {1,.., Nyogyio,} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the As-Offered Scheduling
algorithm in section 0, Reference Level Scheduling algorithm in
section 0, Mitigated Scheduling algorithm in section 15, Reliability
Scheduling algorithm in section 18, and DAM Scheduling algorithm in
section 20;

(P10RViolPrcy,,;, Q10RViolPrcy, ;) for i € {1, .., Myoryioy,} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the As-Offered Pricing
algorithm in section 0, Reference Level Pricing algorithm in section 0,
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Mitigated Pricing algorithm in section 16, and DAM Pricing algorithm
in section 21;

4.3.6.9 (P30RViolSchy, , @30 RViolSchy, ;) for i € {1, ..,N3oryio;,} designate the
price-quantity segments of the penalty curve for the total thirty-
minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement used by the As-Offered
Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

4.3.6.10  (P30RViolPrcy;, @30 RViolPrcy,;) for 1 € {1,..,N3ogyi,} designate the
price-quantity segments of the penalty curve for the total tAirty-
minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement used by the As-Offered
Pricing algorithm in section 0, Reference Level Pricing algorithm in
section 0, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

4.3.6.11 (PREG].ORI/IOISC]]]M,QREG].OR[/IOISC]I]“) fOI‘ i€ {1, ‘. INREGIORWD/[,}

designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by
the As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

4.3.6.12  (PREGLORViolPrc,,;, QREGLORViolPrcy,) for i € {1,..,Nggziorvior,}

designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by
the As-Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.13  (PREG30RViolSchy,;, QREG30RViolSchy,;) for i € {1,.., Nrggzorvios,}
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;
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4.3.6.14 (PREGBORWO]PI'C}“',QREGBORWO/PI‘C]L]') for j e {1, ey NREGBORV]’O/},}

designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
As-Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.15  (PXREG10RViolSchy,;, QXREG10RViolSchy,;) for i € {1,.., Nxggciorvios,}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve maximum restrictions used by the
As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

4.3.6.16  (PXREG10RViolPrcy,;, QXREG10RViolPrcy,;) for i € {1,..,Nxzreci0rviol,}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve maximum restrictions used by the
As-Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.17  (PXREG30RViolSchy,;,QXREG30RViolSchy,;) for i € {1,.., Nxreaorviol,}
designate the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by
the As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

4.3.6.18  (PXREG30RViolPrcy,,QXREG30RViolPrcy,;) for i € {1,.., Nyrrasorvios,}
designate the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by
the As-Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.19  (PPrelTLViolSchyy,; QPrelTLViolSchy,;) for i€ {1,. - Nprerriviolg,}

designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility fe F used by the As-Offered Scheduling algorithm in section 0,
Reference Level Scheduling algorithm in section 0, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling algorithm in
section 18, and DAM Scheduling algorithm in section 20;
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4.3.6.20  (PPrelTLViolPrcyy,,, QPrelTLViolPrcgy,) for i € {1, .., Nprerrivior,,}

designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility fe F used by the As-Offered Pricing algorithm in section 0,
Reference Level Pricing algorithm in section 0, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

4.3.6.21  (PITLViolSchgp,;, QITLViolSchegy,;) for i€ {1,.., Ny, ,} deSignate

the price-quantity segments of the penalty curve for exceeding the
contingency ce€ € post-contingency limit of the transmission constraint
for facility fe F used by As-Offered Scheduling algorithm in section 0,
Reference Level Scheduling algorithm in section 0, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling algorithm in
section 18, and DAM Scheduling algorithm in section 20;

4.3.6.22  (PITLViolPrcg sy, QITLViolPre,gy,;) for 1€ {1,..,Nipyil, ,} d€Signate

the price-quantity segments of the penalty curve for exceeding the
contingency ce€ € post-contingency limit of the transmission constraint
for facility fe F used by the As-Offered Pricing algorithm in section 0,
Reference Level Pricing algorithm in section 0, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

4.3.6.23  (PPreXTLViolSch,,;, QPreXTLViolSch,y,) for i € {1,..,Nprexry Viol,}

designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z€ Z,, used by the As-Offered
Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

4.3.6.24  (PPreXTLViolPrc,;,;, QPreXTLViolPrc,;;) for i€ {1, .., Nprexrivior, ,}

designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by ze Z,,, used by the As-Offered
Pricing algorithm in section 0, Reference Level Pricing algorithm in
section 0, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

4.3.6.25 (PNIUViolSchy,;,@QNIUViolSchy,;) for i € {1,.., Nyyviy,} designate the
price-quantity segments of the penalty curve for exceeding the hour h
net interchange increase constraint between hours (h — 1) and h used
by the As-Offered Scheduling algorithm in section 0, Reference Level
Scheduling algorithm in section 0, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;
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4.3.6.26  (PNIUViolPrcy,,QNIUViolPrcy,;) for i € {1,.., Nyyvior,} designate the

price-quantity segments of the penalty curve for exceeding the hour h
net interchange increase constraint between hours (h — 1) and h used
by the As-Offered Pricing algorithm in section 0, Reference Level
Pricing algorithm in section 0, Mitigated Pricing algorithm in section
16, and DAM Pricing algorithm in section 21;

4.3.6.27  (PNIDViolSchy,;, QNIDViolSchy,,) for i € {1,.., Nyypyio,} designate the
price-quantity segments of the penalty curve for exceeding the hour h
net interchange decrease constraint between hours (h — 1) and h
used by the As-Offered Scheduling algorithm in section 0, Reference
Level Scheduling algorithm in section 0, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section 18,
and DAM Scheduling algorithm in section 20;

4.3.6.28  (PNIDViolPrcy,;, QNIDViolPrcy)) for i € {1,.., Nypyis,} designate the

price-quantity segments of the penalty curve for exceeding the hour h
net interchange decrease constraint between hours (h — 1) and h
used by the As-Offered Pricing algorithm in section 0, Reference Level
Pricing algorithm in section 0, Mitigated Pricing algorithm in section
16, and DAM Pricing algorithm in section 21;

4.3.6.29  (PMaxDelViolSchy,;,QMaxDelViolSchy,;) for i€ {1, ..,Nyaxpevior,}
designate the price-quantity segments of the penalty curve for
exceeding a resource's maximum daily energy limit used by As-
Offered Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

4.3.6.30  (PMaxDelViolPrc;,;,, @QMaxDelViolPrcy;) for i € {1,..,Nyaxpervior, }
designate the price-quantity segments of the penalty curve for
exceeding a resource's maximum daily energy limit used by the As-
Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.31  (PMinDelViolSchy, ;, QMinDelViolSchy,;) for i € {1,..,Nyinpewios,}
designate the price-quantity segments of the penalty curve for under-
scheduling a resource's minimum daily energy limit used by the As-
Offered Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;
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4.3.6.32  (PMinDelViolPrcy,,;, @QMinDelViolPrcy,) for i € {1,..,Nympewios,}
designate the price-quantity segments of the penalty curve for under-
scheduling a resource's minimum daily energy limit used by the As-
Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.33  (PSMaxDelViolSchy,;, @QSMaxDelViolSchy,;) for i € {1,..,Nsyaxpeivior,}
designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the As-
Offered Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

4.3.6.34  (PSMaxDelViolPrcy, ,QSMaxDelViolPrcy;) for i € {1,..,Nyaxpewiol,}
designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the As-
Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.35 (PSMinDelViolSchy,;, QSMinDelViolSchy,;) for i € {1, ..,Nsyinpervior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum aaily energy limit used by the As-
Offered Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

4.3.6.36  (PSMinDelViolPrcy,;, QSMinDelViolPrcy,) for i € {1,..,Nsyinpervior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum aaily energy limit used by the As-
Offered Pricing algorithm in section 0, Reference Level Pricing
algorithm in section 0, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

4.3.6.37 (POGenLnkViolSchy,,Q0GenLnkViolSchy,;) for i € {1,..,Nogensniviol,}

designate the price-quantity segments of the penalty curve for over
generation on a downstream resource used by the As-Offered
Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;
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4.3.7

4.3.8

4.3.6.38

4.3.6.39

(PUGenLnkViolSchy, ;, QUGenLnkViolSchy;) for i € {1,..,Nygeninkvios,}
designate the price-quantity segments of the penalty curve for under
generation on a downstream resource used by the As-Offered
Scheduling algorithm in section 0, Reference Level Scheduling
algorithm in section 0, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20; and

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

Price Bounds

4.3.7.1

4.3.7.2

4.3.7.3

4.3.7.4

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

EngyPrcFir designates and is equal to the settlement floor price,

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

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

Ex-ante Market Power Mitigation

4.3.8.1

4.3.8.2

4.3.8.3

4.3.8.4

4.3.8.5

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

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

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

PDGRef,, ;, ;- designates the reference level value for energy lamination
k' € K;F, for the resource at bus b € BP¢ in hour h € {1,..,24};

P10SDGRefy ;- designates the reference level value for synchronized

ten-minute operating reserve lamination k'e K% for the resource at

bus b€ B¢ in hour h € {1,..,24};
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4.3.8.6  P1ONDGRefy - designates the reference level value for non-

synchronized ten-minute operating reserve lamination k'€ K,}{%N

the resource at bus b€ B¢ in hour h € {1,..,24};

for

4.3.8.7  P30RDGRef,,,, designates the reference level value for thirty-minute
operating reserve lamination k'€ K; 3" for the resource at bus b€ B¢
in hour h € {1,..,24};

4.3.8.8  P10SDLRefy ) designates the reference level value for synchronized
ten-minute operating reserve lamination ;'€ /,}25 for the resource at
bus b€ B”L in hour h € {1,..,24};

4.3.8.9  P1ONDLRety,; ; designates the reference level value for non-
synchronized ten-minute operating reserve lamination ;j'e /,}/2” for the

resource at bus b€ B in hour h € {1,..,24};

4.3.8.10 P30RDLRef; ;- designates the reference level value for thirty-minute
operating reserve lamination ;'€ /39% for the resource at bus b € B¢
in hour h € {1,..,24}

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

4.3.8.12  SNLRef;, designates the reference level value for the speed no-load
offer for the resource at bus be BV in hour h € {1,..,24};

4.3.8.13  PLTMLPRef;, ;, designates the reference level value for the energy up
to the minimum loading point reference level lamination k'€ K:/M*
of the offer for the resource at busb € BP¢ in hour h € {1,..,24};

4.3.8.14 CTEnThresh1"V‘4 designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%;

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

4.3.8.16 CTSUThresh"“? designates the conduct threshold for a resourcein a
narrow constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to 25%;
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4.3.8.17 CTSNLThresh4 designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
25%);

4.3.8.18 CTEnThresh1P“! designates the conduct threshold for a resourcein a
dynamic constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%;

4.3.8.19 CTEnThresh2?“? designates the conduct threshold for a resourcein a
dynamic constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$25/MWh;

4.3.8.20 CTSUThresh”“4 designates the conduct threshold for a resourcein a
dynamic constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to 25%;

4.3.8.21 CTSNLThresh”“4 designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
25%;

4.3.8.22 CTEnThresh1%“4 designates the conduct threshold for a resourcein a
broad constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 300%;

4.3.8.23 CTEnThresh2%“4 designates the conduct threshold for a resourcein a
broad constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$100/MWh,;

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

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

4.3.8.26  CTEnThresh1“™F designates the global market power conduct
threshold for a resource as a percent increase above the reference
level value of the energy offer for the resource and is equal to 300%;
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4.3.8.27

4.3.8.28

4.3.8.29

4.3.8.30

4.3.8.31

4.3.8.32

4.3.8.33

4.3.8.34

4.3.8.35

4.3.8.36

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

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

CTSNL Thresh®™” designates the global market power conduct
threshold for a resource as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
100%;

CTORThresh1°F! designates the local market power conduct threshold
for a resource as a percent increase above the reference level value
of the gperating reserve offer for the resource and is equal to 10%;

CTORThresh2°%" designates the local market power conduct
threshold for a resource as a $/MW increase above the reference level
value of the gperating reserve offer for the resource and is equal to
$25/MW;

CTEnThresh1°R" designates the local market power conduct threshold
for energy to minimum loading point for a resource as a percent
increase above the reference level value of the offer for energy up to
the minimum loading point for the resource and is equal to 10%;

CTEnThresh2°R" designates the local market power conduct threshold
for energy to minimum loading point conduct threshold for a resource
as a $/MW increase above the reference level value of the energy for
energy up to the minimum loading point for the resource and is equal
to $25/MW;

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

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

CTORThresh1°R¢ designates the global market power conduct
threshold for a resource as a percent increase above the reference
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level value of the operating reserve offer for the resource and is equal
to 50%;

4.3.8.37 CTORThresh2°R¢ designates the global market power conduct
threshold for a resource as a $/MW increase above the reference level
value of the gperating reserve offer for the resource and is equal to
$25/MW;

4.3.8.38 CTEnThresh1°%¢ designates the global market power conduct
threshold for energy to minimum loading point for a resource as a
percent increase above the reference level value of the offer for
energy up to the minimum loading point for the resource and is equal
to 50%;

4.3.8.39 CTEnThresh2°R¢ designates the global market power conduct
threshold for energy to minimum loading point for a resource as a
$/MW increase above the reference level value of the offer for energy
up to the minimum loading point for the resource and is equal to
$25/MW;

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

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

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

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

4.3.8.44 ITThresh1"V“! designates the price impact threshold for a resourcein
a narrow constrained area as a percent increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 0 and is equal to 50%;
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4.3.8.45 [ITThresh2V“4 designates the price impact threshold for a resource in
a narrow constrained area as a $/MWh increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 0 and is equal to
$25/MWh;

4.3.8.46 ITThresh1?“Y designates the price impact threshold for a resource in
a dynamic constrained area as a percent increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 0 and is equal to 50%;

4.3.8.47 ITThresh2?“! designates the price impact threshold for a resource in
a dynamic constrained area as a $/MWh increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 0 and is equal to
$25/MWh;

4.3.8.48 ITThresh1%4 designates the price impact threshold for a resourcein
a broad constrained area as a percent increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 0 and is equal to 100%;

4.3.8.49 ITThresh2%4 designates the price impact threshold for a resourcein
a broad constrained area as a $/MWh increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 0 and is equal
to$50/MWh;

4.3.8.50 ITThresh1“M" designates the global market power price impact
threshold for a resource as a percent increase in the energy locational
marginal price output from section 0 above the energy locational
marginal price output from section 0 and is equal to 100%;

4.3.8.51 ITThresh2®™" designates the global market power price impact
threshold for a resource as a $/MWh increase in the energy locational
marginal price output from section 0 above the energy locational
marginal price output from section 0 and is equal to $50/MWh;

4.3.8.52 ITThresh19%¢ designates the global market power price impact
threshold for a resource as a percent increase in the operating
reserve locational marginal price output from section 0 above the
operating reserve locational marginal price output from section 0 and
is equal to 50%; and
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4.3.8.53  ITThresh2“R¢ designates the global market power price impact
threshold for a resource as a $/MW increase in the operating reserve
locational marginal price output from section 0 above the operating
reserve locational marginal price output from section 0 and is equal to
$25/MW.

4.3.9 Weighting Factors for Zonal Prices

4.3.9.1  WF;F, designates the weighting factor for bus b € L}/*" used to
calculate the price for virtual transaction zone m € M for hour h €
{1,..,24};

4.3.9.2 WF})}; designates the weighting factor for bus b € LP" used to

calculate the price for non-dispatchable load zone y € Y for hour
he{l,..,24}; and

4.3.9.3  The weighting factors in section 0 and section 0 shall be obtained by
renormalizing the load distribution factors so that for a given hour the
sum of weighting factors for a non-dispatchable load zone or for a
virtual transaction zone is one.

4.4 Other Data Parameters
44.1 Non-Dispatchable Demand Forecast

44.1.1  AFL, designates the average province-wide non-dispatchable demand
forecast for hour 2€ {1,.., 24} calculated by the security assessment
function; and

44.1.2  PFL,; designates the peak province-wide non-dispatchable demand
forecast for hour A€ {1,.., 24} calculated by the security assessment
function.

4.4.2 Variable Generation

4.4.2.1  AFGy, designates the alternative forecast for a variable generation
resource identified by bus b€ B" in hour A€ {1,.., 24}, which is
either the registered market participant-submitted forecast or the
IESO's centralized forecast.

4.4.3 Internal Transmission Constraints
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4.43.1  PreConSFy,f, designates the pre-contingency sensitivity factor for bus
b € BuU Dindicating the fraction of energy injected at bus b which
flows on facility f during hour h under pre-contingency conditions;

4.4.3.2 VPreConSF, r,, designates the pre-contingency sensitivity factor for
virtual transaction zone m € M indicating the effect of scheduled
energy at m to flows on facility f € F,, in hour h under pre-
contingency conditions. It shall be determined as the weighted
average of the pre-contingency sensitivity factors for non-
dispatchable loads, dispatchable loads, hourly demand response
resources, and price responsive loads within the virtual transaction
zone using the weighting factors WFy'x, for virtual transactions,

4.4.3.3  AdjNormMaxFlow, s designates the limit corresponding to the
maximum flow allowed on 7acility f in hour h under pre-contingency
conditions;

4.4.3.4  SF,.r, designates the post-contingency sensitivity factor for bus
b€ BU D indicating the fraction of energy injected at bus b which
flows on facility f during hour h under post-contingency conditions for
contingency c;

4.4.3.5 VSF, .rm designates the post-contingency sensitivity factor for virtual
transaction zone m € M indicating the effect of scheduled energy at
m to flows on facility f€ F,. in hour h under post-contingency
conditions for contingency c. It shall be determined as the weighted
average of the post-contingency sensitivity factors for non-
dispatchable loads, dispatchable loads, hourly demand response
resources, and price responsive loads within the virtual transaction
zone using the weighting factors WF;'<’, for virtual transactions; and

4.4.3.6  AdjEmMaxFlow,, .rdesignates the limit corresponding to the maximum
flow allowed on facility fin hour h under post-contingency conditions
for contingency c

4.4.4 Transmission Losses

44.4.1 LossAdj, designates any adjustment needed for hour h€ {1,.., 24} to
correct for any discrepancy between Ontario total system losses
calculated using a base case power flow from the security assessment
function and linearized losses that would be calculated using the
marginal loss factors.
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4.4.4.2  MgllLossy, designates the marginal loss factor and represent the
marginal impact on transmission losses resulting from transmitting
energy from the reference bus to serve an increment of additional
load at resourcebus b€ BuU D in hour A€ {1,..,24}; and

4.4.4.3 VMglLoss), ,, designates the marginal loss factor for virtual transaction
zonem € M in hour he {1,..,24}. It shall be determined as the
weighted average of the marginal loss factors for non-dispatchable
loadss, dispatchable loads, hourly demand response resources, and
price responsive loads within the virtual transaction zone using the
weighting factors WF;'X% for virtual transactions.

5 Initialization

5.1 Purpose
5.1.1 The initialization processes set out in this section 0 shall occur prior to the

execution of the day-ahead market calculation engine described in section 0
above.

5.2 Reference Bus

5.2.1 The IESO shall use Richview Transformer Station as the day-ahead market
calculation engine’s default reference bus for the calculation of /ocational
marginal prices.

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

5.3 Islanding Conditions

5.3.1 In the event of a network split, the day-ahead market calculation engine shall:
5.3.1.1  only evaluate resources that are within the main island.
5.3.1.2  use only forecasts of demand forecast areas in the main island; and

5.3.1.3 use a bus within the main island in place of the reference bus if the
reference bus does not fall within the main island.
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54 Variable Generation Tie-Breaking

5.4.1 For each hour #€{1,.., 24}, each variable generation resource bus b€ B¢ and
each offer lamination k € K7 ,, the offer price PDGy, . shall be modified to

TBMj,
PD -
Gb’b’k (Num 14

p, Where p is a small nominal value of order 1074,

5.5 Pseudo-Unit Constraints

5.5.1 Constraints for pseudo-units corresponding to minimum and maximum
constraints on physical resources shall be determined in accordance with section
22.

5.6 Initial Scheduling Assumptions
5.6.1 Initial Schedules

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

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

5.6.1.1.2 SHDR, ,; which designates the amount of energy an

hourly demand response resource is scheduled to reduce
consumption at bus b € BHPR;

5.6.1.1.3 SXL, 4;, which designates the amount of energy a

boundary entity resource is scheduled to export at bus
de DX;

5.6.1.1.4 SDGy x Which designates the amount of energy that a
dispatchable generation resource is scheduled to provide
at bus b € BP¢;

5.6.1.1.5 SCT p, which designates the schedule of the combustion

turbine resource associated with the pseudo-unit at bus
b € BPSY;

5.6.1.1.6 S5T; ,, which designates the schedule of steam turbine
resource p € PST;
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5.6.1.1.7 SIGy 44 Which designates the amount of energy that a
boundary entity resource is scheduled to import from
Intertie zone bus de€ DI

5.6.1.2  The initial schedules for non-quick start resources shall be determined
to align with the commitment status logic described in section 0.

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

5.6.2.1 0DG, ,, which designates whether the dispatchable generation
resource at bus b€ BV has been scheduled at or above its minimum
loadling point;

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

5.6.3 Initial Net Interchange Schedule

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

6 Security Assessment Function

6.1 Interaction between the Security Assessment Function
and Optimization Functions

6.1.1 The scheduling and pricing algorithms of the day-ahead market calculation
engine shall perform multiple iterations of the optimization functions and the
security assessment function to check for violations of monitored thermal limits
and operating security limits using the schedules produced by the optimization
functions.

6.1.2 As multiple iterations are performed, the transmission constraints produced by
the security assessment function shall be used by the optimization functions.

6.1.3 All three passes of the day-ahead market calculation engine shall use the security
assessment function.
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6.1.4 The security assessment function shall use the physical resource representation
of combined cycle plants that are registered as pseudo-units.

6.2 Inputs into the Security Assessment Function
6.2.1 The security assessment function shall use the following inputs:
6.2.1.1  the /ESO average and peak demand forecasts; and

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

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

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

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

6.2.2.3  the schedules for boundary entity resources at each intertie zone, and

6.2.2.4 the net schedules for virtual transactions for each virtual transaction
zohe.

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

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

6.2.3.2  the schedules for non-dispatchable generation resources and
dispatchable generation resources; and

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

6.3 Security Assessment Function Processing

6.3.1 In Pass 1 and Pass 3 of the day-ahead market calculation engine, the security
assessment function shall determine the average province-wide non-dispatchable
demand forecast for hour 4, AFL,, as follows:

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

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

6.3.2 In Pass 2 of the day-ahead market calculation engine, the security assessment
function shall determine the peak province-wide non-dispatchable demand
forecast for hour h, PFL,, as follows:
6.3.2.1  determine forecast MW quantities for all /oad resources and losses
using the JESO peak demand forecasts for demand forecast areas,
load distribution factors, the total of the bid quantities submitted for
virtual hourly demand response resources and physical hourly
demand response resources; and

6.3.2.2  determine PFL, by adding the forecast MW quantities determined for
each non-dispatchable load, each price responsive load, and each
dispatchable load with no bid for energy, including forecast MW losses
in the demand forecast areas.
6.3.3 In Passes 1 and 3 of the day-ahead market calculation engine, the security
assessment function shall distribute the net schedules for virtual transactions in
each virtual transaction zone to non-dispatchable loads, dispatchable loads,
hourly demand response resources, and price responsive loads within the virtual
transaction zone using the weighting factors (WFy' 1) for virtual transactions. In
the security assessment function, the total MW quantity allocated to:
6.3.3.1  a dispatchable load, an hourly demand response resource or a price
responsive load shall be equal to the schedule determined by the
optimization functions plus the amount allocated in the distribution of
the net schedules for virtual transactions; and

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

6.3.4 The security assessment function shall perform the following calculations and
analyses:
6.3.4.1 A base case solution function shall prepare a power flow solution for

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

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

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

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

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

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

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

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

6.3.4.9  The As-Offered Scheduling, Reference Level Scheduling, Mitigated
Scheduling, Reliability Scheduling and DAM Scheduling algorithms
described in sections 0, 0, 15, 18 and 20, respectively, shall use the
marginal loss factors for each hour calculated by the security
assessment function.

6.3.4.10 The As-Offered Pricing, Reference Level Pricing, Mitigated Pricing, and
DAM Pricing algorithms described in sections 0, 0, 16 and 21,
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respectively, shall use the marginal loss factors used in the last
iteration of the optimization function in the corresponding scheduling
algorithm.

6.4 Outputs from the Security Assessment Function

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

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

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

6.4.1.3  the marginal loss factors as described in sections 0-0; and

6.4.1.4 loss adjustment quantity for each hour.

7 Pass 1: Market Commitment and
Market Power Mitigation Pass

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

the As-Offered Scheduling algorithm described in section 0;

e the As-Offered Pricing algorithm described in section 0;

e the Constrained Area Conditions Test described in section 0;

e the Conduct Test described in section 0;

e the Reference Level Scheduling algorithm described in section 0;
e the Reference Level Pricing algorithm described in section 0;

e the Price Impact Test described in section 0;
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e the Mitigated Scheduling algorithm described in section 15; and

¢ the Mitigated Pricing algorithm described in section 16.

8  As-Offered Scheduling

8.1 Purpose

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

8.2 Information, Sets, Indices and Parameters

8.2.1 Information, sets, indices and parameters used by the As-Offered Scheduling
algorithm are described in sections 3 and 4.

8.3 Variables and Objective Function
8.3.1 The As-Offered Scheduling algorithm shall solve for the following variables:

8.3.1.1  SPRL;,;; which designates the amount of energy that a price
responsive load is scheduled to consume at bus » € B”? in hour
he{1,..,24} in association with lamination /€ /7 ,;

8.3.1.2  SDLy,;, which designates the amount of energy that a dispatchable
load is scheduled to consume at bus b€ 5% in hour A€ {1,.., 24} in
association with lamination ;e /i b

8.3.1.3  S108DLy,;; , which designates the amount of synchronized ten-minute

operating reserve that a dispatchable load is scheduled to provide at

bus b€ B”F in hour A€ {1,.., 24} in association with lamination j€

10S.
/}Lb 14

8.3.1.4  S10NDL,; , which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable load is scheduled to
provide at bus b€ B”" in hour h€ {1, .., 24} in association with
lamination j € /;%";
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8.3.1.5

8.3.1.6

8.3.1.7

8.3.1.8

8.3.1.9

8.3.1.10

8.3.1.11

8.3.1.12

8.3.1.13

8.3.1.14

S30RDLy,; , Which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b€
B”L in hour € {1,.., 24} in association with lamination j€ £%;

SHDRy,,; , Which designates the amount of energy reduction
scheduled for an hourly demand response resource at bus b€ B"PR in
hour 4 € {1,.., 24} in association with lamination /€ /7 ,;

SVBy,,,;, which designates the amount of energy a virtual zonal
resourcev € VB is scheduled to withdraw in hour A€ {1,.., 24} in
association with lamination ;e /i ”

SXLy, 4, Which designates the amount of energy a boundary entity
resource is scheduled to export at bus de DXin hour A€ {1,..,24}in
association with lamination ;e /i ar

S10NXLy, 4, Which designates the amount of non-synchronized ten-
minute operating reserve scheduled that a boundary entity resource is
scheduled to provide at bus de DXin hour A€ {1,.., 24} in
association with lamination ;e /;%;

S30RXL;, 4, which designates the amount of thirty-minute operating
reserve scheduled that a boundary entity resource is scheduled to
provide at bus de DXin hour A€ {1,.., 24} in association with
lamination j€ /°F;

SNDG},,,, Which designates the amount of energy that a non-
dispatchable generation resource is scheduled to provide at bus b e
B"P% in hour A€ {1,.., 24} in association with lamination k€ &7 ,;

SDG), 1, Which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG), at bus
be B”¢in hour A€ (1,..,24} in association with lamination k€ K7 ,;

0DG, ,, which designates whether the dispatchable generation
resource at bus b € B¢ has been scheduled at or above its minimum
loadling pointin hour he {1,.., 24};

IDGy,p, Which designates whether the dispatchable generation
resource at bus b€ B¢ has been scheduled to reach its minimum
loadling pointin hour he {1,.., 24};
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8.3.1.15

8.3.1.16

8.3.1.17

8.3.1.18

8.3.1.19

8.3.1.20

8.3.1.21

8.3.1.22

8.3.1.23

8.3.1.24

S105DG}, . , Which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus € B¢ in hour A€ {1,..,24} in
association with lamination k€ K;3;;

S10/NDG}, 1, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus »€ B”¢ in hour A€ {1,..,24} in
association with lamination k€ &3%;

S30RDG}, 1, Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ B”“ in hour A€ {1, .., 24} in association with
lamination k€ K3°F;

SCT, ,, Which designates the schedule of the combustion turbine
resource associated with the pseudo-unit at bus b€ B in hour
he(l,..,24};

SST;,, Which designates the schedule of steam turbine resource
PE PSTin hour he{1,..,24};

O10R,,;, which designates whether the pseudo-unit at bus be BVO10PF
has been scheduled for ten-minute operating reserve in hour
he{l,..,24};

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

OFR,,;,; for i € {1,..,NFor,}, which designates whether the
dispatchable hydroelectric generation resource at bus b€ B has
been scheduled at or below ForL,;, or, at or above ForU,;in hour
he{l,..,24};

IHE}, , ;, which designates whether the dispatchable hydroelectric

generation resource at bus b€ B registered a start between hours
(h—1) and A€ {1,.., 24} as a result of its schedule increasing from
below StartMW,,; to at or above StartMW,,; for i € {1,..,NStartMW,},

SV0,,,» Which designates the amount of energy a virtual zonal
resource ve VO is scheduled to inject in hour A€ {1,..,24}in
association with lamination k € K7,;
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8.3.1.25  SIGy, 44 , Which designates the amount of energy that a boundary
entity resource is scheduled to import from /ntertie zone bus de DI'in
hour 4€{1,.., 24} in association with lamination k€ &7 ;;

8.3.1.26  S10NIG), 44 , Which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource is scheduled
to provide from intertie zone bus de€ DI'in hour A€ {1,..,24}in

association with lamination k € K;%";

8.3.1.27  S30RIG}, 44, Which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from
Intertie zone bus de DI'in hour A€ {1,.., 24} in association with
lamination k€ K3°f;

8.3.1.28 7B, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in hour A€ {1,.., 24}, as described in
section 0; and

8.3.1.29 ViolCosty, which designates the cost incurred in order to avoid having
the schedules violate constraints for hour A€ {1, .., 24}, as described
in section 0.
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8.3.2 The objective function for the As-Offered Scheduling algorithm shall maximize
gains from trade by maximizing the following expression:

ObjPRL;, + ObjDL,, — ObjHDR,, + ObjVB,, + ObjXL, — ObjNDG,
( — 0bjDG,, — 0bjV0O;, — ObjIG, —TB,, — ViolCost, )

h=1.24
Where
ObjPRL;, = Z Z SPRLyy, ;- PPRLy
beBPRL \ jefE
Z SDLyp,; - PDLyy; — Z S10SDLy,y,; - P10SDLyy; —
ObjDLy, = J€lip JERY
bERDL Z S10NDLyp, ;- PYONDLy, ; — Z S30RDLpy, ;- P3ORDLyp ;
j€liy JERy
ObjHDR), = Z Z SHDRy, ;- PHDRy, ;
beBHDR \ jojE
ObjVB), = Z Z SVBh,j - PVByp,
vEVE -EJTJ'IIE.'L'
z SXLthJ' .PXLh,d,j - Z SlONXLh'd'j ' P].ONXLh,d,j
. jE]E je]lON
ObjXL;, = Z "'d e
deDXx - Z S30RXLh,d,j'PSORXLh,dJ

JElhg

Ob]NDGh = Z Z SNDGh,b,k " PNDGh,b,k

NDG E
beb kEKy ),
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0bjDG),
Z SDGh,b,k " PDGh,b,k + Z S].OSDGth’k * P].OSDGh,b,k +

KEKE , KEKLGS
bEBDG Z SIONDGh,b,k " PIONDGh,b,k + Z SSORDG;Lb’k 'PSORDGh,b’k
kekp O keK; ok
+ Z (0DGyy, - MGODG, + IDGy, - SUDGy), )

beBN@s

OijOh = Z Z SVOh,v‘k * PVOth,k

vevo kEK)}f,v
z S[Gh,d,k " P[Gh,d,k + Z SlON[Gth,k " P].ON[G]Ld,k
ObilC Z ke kekioN
Jibp =
deDI + Z SSORIG;I,d'k * PSORIG}"L,L!,IC

30R
keKy 4

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

TBPRL, + TBDL, + TBHDR,, + TBVB,, + TBXL, + TBNDG,,
+ TBDG,, + TBVO,, + TBIG,

Where:

2
(SPRLy; ;)" - TBPen
TBPRL), = z Z = ;
beBFRL ( QPRLnp,j

JEIE

TBh =

Page 56 of 508

Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



Z ((SDL,LEL O TBPen) ((swsmmj)z : TBPen)
+ +
DLy, ; Z 10SDL,, , ;
i E}f,b Q h.,b,j j Efj}%‘g Q hb,j
2 2
bephL ((SiONDLh'bJ) -TBPen)+ ((SBORDLh_b_j) -TBPen)
4 Q10NDLy,, ; . Q30RDLy,, ;

TBDL, =

J €lhp JEJnp

(SHDR,, ;)" - TBPen

TBHDR,, = ;
" QHDR,,

DEBHDR \ je;E,

z (SVBy,;)” - TBPen

TBVB, = z v ;
hv,j

vEVB fEJ’Ev

z ((SXLh‘dij)z-TBPen) N z ((SlONXLh‘d‘j)z-TBPen)
XLpa; 10NXL, 4,
J€Ea CXlnas jensy ¢ i .
2 '
deDX N ((530RXLh,dJ) -TBPen)
St Q30RXL, .

TBXL, =

TBNDG,, =

(SNDG )" - TBPen) _

ONDG
NDG E ( h,b.k
bEB KEK} ),

TBDG,

z ((SDGh‘b,k)z-TBPen) . z ((s1osnah_,,,k)2‘rspen) N
kekp9s

QDG i Q108Dy p e

KEKE),

vhe Z ((SlONDGh_b_R)E-TBPen)+ z ((SSORDGM,.R)Z-TBPen)

10NDG 30RDG
keRIOY Q nbk e Q bk

Z (SVOu,y)” - TBPen

TBVO, = Z ;
" QVOp i

vEVO kEI{jEU
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and

Z (SIGay)” - TBPen N Z (S10NIGy4)° - TBPen
QG q . Q1O0NIGy g4
k €K} g

k €KF 4
TBIG, = : )
deDI + (530RIG;,,d,k) -TBPen
Q30RIG, 45
k €Ki R o
8.3.2.2 ViolCost;, shall be calculated for hour 2 € {1, .., 24} using the following

variables:

8.3.2.2.1 SLdVioly,;, which designates the violation variable
associated with segment 7 € {1,..,N, 41} Of the penalty

curve for the energy balance constraint allowing under-
generation;

8.3.2.2.2 SGenViol,; which designates the violation variable
associated with segment 7 € {1,..,Ngenyio,} Of the penalty
curve for the energy balance constraint allowing over-
generation;

8.3.2.2.3 S10SViol,;, which designates the violation variable
associated with segment 7 € {1,..,Ngsyioy,} Of the penalty
curve for the synchronized ten-minute operating reserve
requirement;

8.3.2.2.4 S10RViol,,; which designates the violation variable
associated with segment 7 € {1,..,Njozyio,} Of the penalty

curve for the total ten-minute operating reserve
requirement;

8.3.2.2.5 $30RViol,; which designates the violation variable
associated with segment 7 € {1,.., Nsggy;o,} Of the penalty

curve for the thirty-minute operating reserve requirement
and, when applicable, the flexibility operating reserve
requirement;

8.3.2.2.6 SREG10RViol,,; which designates the violation variable
associated with segment 7 € {1,.., Ngggorvio,} Of the
penalty curve for violating the area total ten-minute
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operating reserve minimum requirement in region r e
ORREG,

8.3.2.2.7 SREG30RViol,,; , which designates the violation variable
associated with segment 7 € {1,.., Ngggorvior,} Of the

penalty curve for violating the area thirty-minute operating
reserve minimum requirement in region r € ORREG,

8.3.2.2.8 SXREG10RViol,.;,; , which designates the violation variable
associated with segment 7 € {1,.., Nygggiorvios,} Of the
penalty curve for violating the area total ten-minute
operating reserve maximum restriction in region re
ORREG;

8.3.2.2.9 SXREG30RViol,.p; , which designates the violation variable
associated with segment 7 € {1, .., Nyggeorvio,} Of the
penalty curve for violating the area thirty-minute operating
reserve maximum restriction in region r € ORREG,

8.3.2.2.10 SPrelTLViol,; , which designates the violation variable
associated with segment 7 € {1, .., Nperrivior,,} Of the

penalty curve for violating the pre-contingency
transmission limit for facility fe F,

8.3.2.2.11 SITLViol,g,; , which designates the violation variable
associated with segment 7 € {1,.., Nizyio,,,} Of the

penalty curve for violating the post-contingency
transmission limit for facility fe Fand contingency ce€ C;

8.3.2.2.12 SPreXTLViol,;,; , which designates the violation variable
associated with segment 7 € {1,.., Nprexrrvios,,} Of the

penalty curve for violating the import/export limit
associated with /ntertie limit constraint ze Z,;

8.3.2.2.13 SNIUViol,; , which designates the violation variable
associated with segment 7 € {1,.., Ny} Of the penalty

curve for exceeding the net interchange increase limit
between hours (h — 1) and h;

8.3.2.2.14 SNIDViol,; which designates the violation variable
associated with segment 7 € {1,.., Ny;pyiy,} Of the penalty
curve for exceeding the net interchange decrease limit
between hours (h — 1) and h;
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8.3.2.2.15 SMaxDelVioly;,;, which designates the violation variable
associated with segment 7 € {1,.., Nyaypemios,} Of the

penalty curve for exceeding the maximum daily energy
limit constraint for a resource at bus b € BLR;

8.3.2.2.16 SMinDelVioly; , which designates the violation variable
associated with segment 7 € {1,.., Nyjnpemios,} Of the

penalty curve for violating the minimum daily energy limit
constraint for a resource at bus b€ B,

8.3.2.2.17 SSMaxDelVioly ;; , which designates the violation variable
associated with segment 7 € {1,.., Noyaxpermior,} Of the
penalty curve for exceeding the shared maximum daily
energy limit constraint for dispatchable hydroelectric
generation resources in set s € SHE;

8.3.2.2.18 SSMinDelViol,s; , which designates the violation variable
associated with segment 7 € {1,.., Nsyinpevio,} Of the
penalty curve for violating the shared minimum daily
energy limit constraint for dispathable hydroelectric
generation resources in set s € SHE;

8.3.2.2.19 SOGenLnkViolyp, 1), » Which designates the violation
variable associated with segment 7 € {1,.., NogenLnkviol,}
of the penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by over-
generating the downstream resource, for (by,b,) € LNK
such that b, € Bf and b, € Blj; and

8.3.2.2.20 SUGenLnkViolyy, 1), Which designates the violation
variable associated with segment 7 € {1,.., Nycensniviol,}
of the penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by under-
generating the downstream resource, for (b,,b,) € LNK
such that b, € BF and b, € Bl}).
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8.3.2.3  ViolCosty, shall be calculated as follows:

ViolCost, = Z SLdVioly; - PLdViolSchy,
i=1.Npavioty

- Z SGenVioly; - PGenViolSchy,;
i=1.NGenvioly,

+ z §10SVioly, ; - P10SViolSchy,;
i=1.N1osviol;,

+ Z S10RVioly, ; - P1ORViolSchy, ;
i=1.N10RViol;

+ Z S30RVioly, ; - P30RViolSchy,
i=1.N30RViol;,

+ Z Z SREG10RViol,.,

TEORREG i:1..NREGIURVi01h

- PREG10RViolSchy,

+ Z Z SREG30RViol, j,;

TE€ORREG \i=1.NREGsoRVioly,

- PREG30RViolSchy, ;

+ Z Z SXREG10RViol, , ;

TEORREG le--NXRE‘GluRVio!;,

- PXREG10RViolSchy,
" Z Z SXREG30RViol, , ;
TE€ORREG \i=1.NxREG30RVioly
. PXREGSORViOlSCthE
+ Z Z SPrelTLVioly ,;
fEFp \1=L.NpreiTLviols
. PPreITLViolSchf'h,i

+ z Z Z SITLVL'OIC’f.hI!'

CEC fE€Fpc \i=1.NITLViol,f
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. PITLVI‘OlSChC)f.h‘i

+ Z Z SPreXTLViol, ;

2E€Zsch \1=1.NpreXTLViol, ),

- PPreXTLViolSch, p ;

+ Z SNIUVioly ; - PNIUViolSchy, ;
i =1L.NN1uViol,
+ Z SNIDVioly, ; - PNIDViolSchy, ;

i=1.NNIDVioly,

+ Z Z SMaxDelVioly, j, ;

beBELR \i =1.Npaxpewviot,

* PMaxDelViolSchy, ;

+ Z Z SMinDelVioly p; - PMinDelViolSchy, ;
beBHE

i =1.Npinpeivioly,

SSMaxDelVioly g ; - PSMaxDelViolSchh_i)

+
s€SHE \i =1.NsmaxDelvioly

+ SSMinDelVioly, 5 ; - PSMinDelViolSchy, ;
SE€SHE \i =1.Nsminpelviol;,

+ SOGenlnkVioly . b,
(byb2)ELNK \i=1.NogenLnkvioly

- POGenlnkViolSchy,;

+ ( SUGenLnkVioly (p, b,y
(by.bz)ELNK \i=1.NygenLnkvioly,

: PUGenLnkViolSchh_i) .

8.4 Constraints

8.4.1 The constraints described in sections 0, 8.6 and 8.7 apply to the optimization
function in the As-Offered Scheduling algorithm.
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8.5 Dispatch Data Constraints Applying to Individual Hours
8.5.1 Scheduling Variable Bounds

8.5.1.1 A Boolean variable, 0DG,;, shall indicate whether the resource at bus
b€ BP¢ is committed in hour A€ {1, .., 24}. A value of zero shall
indicate that a resource is not committed, while a value of one shall
indicate that it is committed. Therefore:

8.5.1.1.1 0DG,,€{0,1} for all hours ~€ {1, . ., 24} and all buses
be B¢,

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

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

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

8.5.1.5 If the dispatchable generation resource at bus b€ B¢ is considered
committed according to the requirements in sections 0, 0, and 0 in
hour A€ {1,.., 24}, then:

ODGh/b =1.

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

0 < SPRLyp; < QPRLpy,; forallb € BPRL,j € JE,;
0 < SDLpp; < QDLyyp,; forallb € BDL,j = j{lb,
0 <S5105DLpp,; = Q10SDLyp,; forall b € B, j € J19%;
0 < S10NDLyp,;j = Q1ONDLyy forall b € BPL, j € JLON;
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8.5.2

0 < S30RDLy;; < Q30RDLy),;
0 <SHDRy,;; < QHDR;,,;

0 <SVBy,; < QVBy,;

0 <SXLpa; < QXLpay;

0 <S10NXLjq; < QLONXL) 4 ;
0 < S30RXLjq; < Q30RXLj;
0 <SNDGppr < QNDGpp i

0 <SVOppr < QVOp ik

0 <SIGhar < QIGhar

0 < S10NIGp g4 < QLONIG) 4
0 < S30RIGpqr < Q30RIGqy

forall hours h €{1, .., 24}.

forall b € BPL, j € J3OR;
forall b € BHPR, j € JE .
forallv e VB, j E]f,,,;
foralld € DX, j € JE 4;
foralld € DX, j € J1OV;

for all d € DX, j € Ji%F;
forall b € BYPS, k € Kf;
forallve Vo, k € K;’fj,,;
foralld € DI, k € KE ;
foralld € DI, k € Kt%"; and

foralld € DI, k € K2OF

8.5.1.7 Generation resources may be scheduled for energy and/or operating
reserveonly if ODGy , = 1. Therefore, for all hours A€ {1, .., 24}:

0 S SDG;,_,b.k S ODGh'b * QDGh,b,k
BDG., k € Kfib;

0 < S105DGypx < ODGyy, - Q1OSDGy ) 1

B¢, k € K; 9%

0 < S10NDGy . < ODGppy - QLONDGy

BP¢, ke K,},%N; and

0 < S30RDGypx < ODGyy, - Q30RDG p i

BP¢, ke KR,

Resource Minimums and Maximums for Energy

forall b €

for all b €

forall b €

forall b €

8.5.2.1  The non-dispatchable portion of price responsive loads shall always
be scheduled. For all hours A€ {1, ..,24} and all buses b€ B"RE:

Z SPRLy,; = QPRLFIRMy, .
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8.5.2.2

8.5.2.3

8.5.2.4

8.5.2.5

A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for an hour. For all hours
he{l,..,24} and all buses be B”:

Ml:nDLth < Z SDLh,b,j < M(IXDLh‘b.
j€lhp

The non-dispatchable portion of dispatchable loads shall always be
scheduled. For all hours A€ {1,.., 24} and all buses »€ B

Z SDLy,;,; = QDLFIRMy, .
JEIR

A constraint shall limit schedules for non-dispatchable generation

resources within their minimum and maximum output for an hour. For

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

MinNDG),, < Z SNDGp e < MaxNDGy,.

E
k€K p

A constraint shall limit schedules for dispatchable generation

resources within their minimum and maximum output for an hour. For
a dispatchable variable generation resource, the maximum schedule

shall be limited by its forecast. That is:

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

AdeaxDGh'b
_ (min(MaxDG,, AFG,,) if b € B¢
MaxDGy, otherwise

and

AdjMinDGy,, = min(MinDG,,, AdjMaxDGy, ).

For all hours A€ {1,.., 24} and all buses b€ B”“:
AdjMinDG,,, < MinQDG, - ODGy,, + Z SDGp

KEKF |,
< AdjMaxDGp, .
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8.5.2.6

8.5.2.7

If the commitment status, ODGp, »,, of a dispatchable generation

resource is equal to 1 and if this status is inconsistent with the
adjusted minimum and maximum constraints,
MinQDG,, > AdjMaxDG, ,, then ODG}, , shall be changed to a value

between 0 and 1.

If the total offered quantity does not exceed the minimum constraint
for the resource, MinQDG,, + ¥, ek, QDGh/ bk < AdjMinDG, ,, then

the resource shall receive a schedule of zero.

8.5.3 Off-Market Transactions

8.5.3.1

8.5.3.2

8.5.3.3

8.5.3.4

For all hours A€ {1,.., 24} and all /ntertie zone buses corresponding
to an inadvertent energy payback export transaction de DX/

For all hours he {1, .., 24} and all intertie zone buses
corresponding to an inadvertent energy payback import transaction

de D. hNP:

For all hours he {1, .., 24} and all intertie zone buses
corresponding to an emergency energy export de DXz

Z SXLyaj = Z QXLpq,j-
J€la J€lha

For all hours A€ {1, .., 24} and all /ntertie zone buses
corresponding to emergency energy import d € DJ‘EM :
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8.5.4

Operating Reserve Requirements

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

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

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

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

These restrictions shall be enforced by the following
constraints for all
hours € {1,.., 24} and all buses » € B?*:

> S10SDL,;+ > S10NDL,, + > S30RDL,;

s o “Sor
J€lhp J€p JE b

<30-0RRDL;;

S10SDLyp ; + Z S10NDLyp ; + Z S30RDLy, p

108 10N 30R

J€Inn J€Inp T1€np
< Z SDLy,,; — QDLFIRM,, ;;
JE€Ihp
and
S10SDLy,, ; + Z S10NDLy,, ; + Z S30RDLy,, ;
eSS ey €Ty
< Z SDLy, ; — MinDLy,
JE€ILp

8.5.4.2  The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following

constraint for all hours A€ {1, .., 24} and all buses b € B
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Y $10SDLy;,,+ > S10NDL,,;<10-ORRDL,

. 108 . 10N
J€hp J€Ipp

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

buses d e DX:
Z S10NXLyq; + Z S30RXLpq; < Z SXLpaf
jerroy JERSE J€lia

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

5
S10SDGypx + Z S1ONDG . + Z S30RDG,
KeKASS kekpN keKFR
< 30 ORRDGy;
S10SDGy i + Z S1ONDG,p . + Z S30RDG,
keKAGS kekpN keKFOR
= Z (QDGppx —SDGhpk);
KEKF ),
and
S10SDGy i + Z STONDG, . + Z S30RDG,
KEKLES keREN KkeKEIR
gAde(IXDGh,b — Z SDGh,fJ,k - ManDGb
KeKE

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

£
S10SDGp e + z S10NDGy, p i
KEKRSS keK SN
< 10-ORRDG,

8.5.4.6  The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource may be scheduled to provide shall
be limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following

constraint for all hours A€ {1, . ., 24} and all buses b € BP¢ with
RLP10S},, > 0.

S10SDG, p &

108
KEKEY:

< MLTLQDGL, ' ODGh,b + Z SDGh,b,k

ke ),
1
RLP10Sy,
min{ 10 - ORRDG,, Z Q10SDGhp
keKSS

8.5.4.7  The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its
reserve loading pointfor thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all hours

he{l,..,24} and all buses b e B° with RLP3OR, > 0:

S30RDG),

30R
keK;)

, 1
<|MinQDG,-0DG,,+ > SDG ()
b h.b - bk | \RLP30R,,,
hb

/| mini30-0ORRDG,, Y Q30RDG,,,

30R
keK; )
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8.5.5

8.5.4.8

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

Z S10NIGp g, + Z S30RIGh g
kertoN kekiOR

= Z (QIGhar — SIGpax)

E
KeKE 4

Pseudo-Units

8.5.5.1

8.5.5.2

A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam
turbine resource shares in the operating regions of the pseudo-unit
determined in section 22. For all hours A€ {1, .., 24} and pseudo-unit
buses be B™:

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

+(1 — STShareDR},) - Z SDGrpx |

DR

and for all hours A€ {1, .., 24} and steam turbine
resources p € PST :

STShareMLP, - MinQDG,, - ODG,, , +

S5Thp = Z STShareDR,, - Z SDGpp |+ Z SDGhpk
beByT KERDR kekPl
hb h,b

Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules.
For all hours A€ {1, . ., 24} and pseudo-unitbuses b € BFSU:
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8.5.5.3

8.5.5.4

8.5.5.5

8.5.5.6

MinQDG,-0DG,, < MaxMLP,,,

SDGyyx < MaxDRy,

KEKPR

SDGypx < MaxDFEy,y,

KEKRE
and
Z SDGypx + Z S510SDGp p . + Z S10NDGy, p &
KEKE ), KEKRY kekp N

+ Z S30RDGy,, < MaxDR),, + MaxDF,

30R
KEKR D

For a pseudo-unit that cannot provide ten-minute operating reserve
from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled in its duct firing region whenever the pseudo-unitis

scheduled for ten-minute operating reserve. For all hours
hedl, .., 24} and pseudo-unitbuses b € BVOOLF,

O10R,, € {0,1}

Z SDGy p i + Z S$10SDGy, i + Z S10NDGy, p, i
KEK} ), keKp9S kekp G

an ' ! !

For all hours A€ {1, . ., 24}, pseudo-unitbuses b € B''°% and
laminations & € K%O,f

S10SDGy,, ) < O10R,,;,* Q10SDGy

For all hours he {1, .., 24}, pseudo-unitbuses b € BNOIODF, and
laminations & € K},oév

S10NDGy,, < O10R,,, Q1ONDG, , ,

For the purposes of the energy balance constraint in section 0 and the

transmission constraints in section 0, the combustion turbine
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resource’s schedule for the pseudo-unit at bus b € B”SY in hour
he{1,..,24} shall be equal to:

8.5.5.6.1 SCTy, if the pseudo-unitis scheduled at or above minimum
loading point,

8.5.5.6.2 Ramp(T,,, if the pseudo-unitis scheduled to reach
minimum loading pointin hour (A + w) for
we€ {1,.,RampHrs}, or

8.5.5.6.3 0 otherwise.

8.5.5.7  For the purposes of the energy balance constraint in section 0 and the
transmission constraints in section 0, the steam turbine resource’s
schedule for p e PST shall be equal to 557;,, plus any contribution

from pseudo-unit b e B;ST ramping to minimum loading point as given
by RampST,,,, for a pseudo-unit scheduled to reach minimum loading
pointin hour (h+ w) for we {1,..,RampHrs;}.

8.5.6 Dispatchable Hydroelectric Generation Resources

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

ODGh,b " MiTIQDGb + Z SDGh,b,k 2 MinHMRth

kEKE ),

8.5.6.2 A dispatchable hydroelectric generation resource shall either be
scheduled to 0 or to at least its minimum hourly output. For all
hours he {1, .., 24} and all dispatchable hydroelectric generation
resource buses b € B/

0DGyy, - MinQDGy, + Z SDGy px = MinHOy,,, - OHOp ,;
keKf ),
and for all k£ € Kﬁb:

0 <SDGppp < OHOpyp QDG ik
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8.5.6.3 A dispatchable hydroelectric generation resource shall not be
scheduled within its forbidden regions. For all hours A€ {1, .., 24}, all
dispatchable hydroelectric generation resource buses b e B and all
i € {1,.., NFory}:

OFRh,b,i € {0,1},'

ODGh'b'MiTLQDGb + Z SDGh’ka
kekE ),

< OFRpp,; 'FOTL?JJ + (1 — OFRyp,;)

MinQDG, + Z QDGyp i |

E
kEKh,b

and

ODGh,b ) ManDGb + Z SDG.;Lka = (1 - OFRh,b,[') ) FOT‘UI,,L-

keKE ),
8.5.7 Linked Wheeling Through Transactions

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

> SXLpgej= > SIGhaik

T t
T€Thax ke, 44

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
8.6.1 Energy Ramping

8.6.1.1  For disptachable loads, the constraints in section 0 and section 0
use URRDL, to represent a ramp up rate selected from URRDLy,,,,
and use DRRDL, to represent a ramp down rate selected from
DRRDLy,

8.6.1.2 For disptachable generation resources, the constraints in section 0
and section 0 use URRDG, to represent a ramp up rate selected
from URRDG,,, and use DRRDG, to represent a ramp down rate
selected from DRRDG),},,,.
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8.6.1.3  The day-ahead market calculation engine shall respect the ramping
restrictions determined by the up to five offered MW quantity, ramp
up rate and ramp down rate value sets.

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

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

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

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

> SDLy_q4;—60-DRRDL, < ' SDL,,.

. . E .. F
J€lh—1p J€Ihp

< Y SDLy,;;+60-URRDL,

. E
J€h-1p

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

> (QHDR,_,,;—SHDR, ;) —60-URRHDR,

€16
< EI(QHDRMM_SHDREM)
=t
J€lnp
< Z (QHDRh_LbJ.—SHDRh,LbJ)+60-DRRHDRb
T
J€h_1p

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

8.6.1.7.1 For the first hour a resource reaches its minimum loading
point, where 0DG,, =1, 0DG} ,= 0, the following
constraint shall be applied:
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0< Z SDGppx < 30-URRDG,

E
keKE ),

8.6.1.7.2 If the resource stays on at or above minimum loading
pointand ODG,, =1, ODGy, , = 1, the following constraint
shall be applied:

> SDGy_y4,—60-DRRDG,< ' SDGy,
keKy_y ) keKy, ,
< > SDGj 4y +60-URRDG,
keKy_y ),

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

0< Y SDGy,, <30-DRRDG,

keky,,

8.6.1.8  The constraints in sections 0 and 0 do not apply to a quick start
resource.

8.6.1.9  For hours where non-quick start resources are ramping up to
minimum loading point, energy shall be scheduled using the
submitted ramp up energy to minimum loading point.

8.6.2 Operating Reserve Ramping

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

Z S105DLy,;,; + Z S10NDLy,; + Z S30RDLy,;

j€hhy ey JEn
< Y SDL,,; — > SDLy_,,;+60-DRRDL,
.E o T o
J€lhp T€lh-1p
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8.6.2.2  The total synchronized ten-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
operating reserve from a committed dispatchable generation resource
shall not exceed its ramp capability to increase generation and for all
hours A€ {1,..,24} and all buses b€ B”¢:

S10SDGy,, + > S10NDGy, ;)

KEKLY KeK "
+ > S30RDG,, < ) SDGy_yy,
keky o ekt
— ) SDGyyy+60.URRDG);
ek},

SIOS'DGh'b'k+ Z SlUNDGh’b’k+ z S30RDG;1'D'R
kex}19s kekON

b
+ Z SDGyp ke

keKE ),
< [(h—n)- 60+ 30]- URRDG), - ODGy;,

30R
kEKth

where 1 is the hour of the last start before or in hour h; and

S10SDGy p e + Z S10NDGy, p i
kek}]§S KEKGY'
+ Z S30RDGy ) + Z SDGpp
keK (R KEKLp
< [(m — h) - 60 + 30] - DRRDG, - ODG,,,

where mis the hour of the last shutdown in or after hour A.
8.6.3 Non-Quick Start Resources

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

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

0DGyp,, ODGy p, v, OD Groin(24,MGBRTDGy - InitOpertrsy)b = 1
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8.6.3.3  If ODG,4,=0, ODG,, =1, and MGBRTDG,> 1 for hour h€ {1,..,24},
then the resource at bus b € BN?S has been scheduled to start up
during hour h and shall be scheduled to remain in operation until it
has completed its minimum generation block run-time or to the end
of the day. Therefore:

ODG 41,5, ODGr 2 ps i ODGryinzan + MGBRTDG,-1),0 = 1

8.6.3.4 If 0DG,1,=1, ODGy, =0, and MGBDTDG), > 1 for hour
he{1,..,24}, then the resource at bus b€ B"?* has been scheduled
to shut down during hour h and shall be scheduled to remain off until
it has completed its minimum generation block down-time or to the
end of the day. Therefore:

ODGpy1,p) ODGrogps ooy ODGrpin2a,n + MeBDTDGY—1)0 = O

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

8.6.3.6 A Boolean variable, DG, , indicates that the non-quick start resource
at bus b € BN9S is scheduled to reach its minimum loading point in
hour A€ {1, .., 24} after being scheduled below its minimum loading
pointin the preceding hour. A value of zero shall indicate 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. For all hours A€ {1,.., 24} and all buses b€ BV¢s:

1 If ODGh—l,b =0 and ODGh,b =1

IDG ={
h.b 0 otherwise.

8.6.3.7 A non-quick start resource shall not be scheduled more than its
maximum number of starts per day. For all buses b € 8.

IDGy ), < MaxStartsDG,,
h=T1.24

8.6.4 Energy Limited Resources
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8.6.4.1  An energy limited resource shall not be scheduled to provide:

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

8.6.4.1.2 energyin amounts that would preclude such resource from
providing operating reserve when activated, for all buses
b€ BFLR where an energy limited resource is located and
all hours He {1,..,24}:

Z ODGh,b ' MinQDGb + Z SDGh'ch

h=1.H kEK.E,b

+ 100RConv Z S10SDGy b«

108

+ Z S10NDGy px

10N
keKHY

+ 300RConv Z S30RDGy p i

30R
ek b

- Z SMaxDelVioly,; < MaxDEL,

i=1.NMaxDelVioly

where the factors 100RConv and 300RConv are applied to
scheduled ten-minute operating reserve and thirty-minute
operating reserve for energy limited resources to convert MW
into MWh. Violation variables for over-scheduling a resource’s
maximum daily energy limit may be used to allow the day-
ahead market calculation engine to find a solution.

8.6.5 Dispatchable Hydroelectric Generation Resources

8.6.5.1 Dispatchable hydroelectric generation resources shall be scheduled for
at least their minimum daily energy /limit. Violation variables for
under-scheduling a resource’s minimum daily energy limit may be
used to allow the day-ahead market calculation engine to find a
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8.6.5.2

IHEh,bJL’ = <

8.6.5.3

8.6.5.4

solution. For all dispatchable hydroelectric generation resource buses

be B*:

Z ODGth : MmQDGb + Z SDGh,b,k
h=1.24 k’EKE,b

+ Z SMinDelVioly,,; | = MinDEL,

i=1.Nyinpelvioly,

A Boolean variable, IHE}, ;,; shall indicate that a start for the

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

Therefore, for all hours A€ {1, .., 24}, buses b e
B and start indication values i € {1, .., NStartMW,}:

1 l_f ODGh—l,D : ManDGb + Z SDGh—l,b,k < StaTtMWin

keKE_ p

and | ODG,, - MinQDG), + Z SDGypy = StartMW,;

E
KeKE ,

0 otherwise.

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

Z Z IHEp ,; | < MaxStartsHE,
h=1.24 \ i=1.NStartMWw},

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

Z Z ODGh,b . Mlﬂ,QDGb + Z SDGh,b,k

h=1.H \p eBHE KEKE ),

+ Z 100RConv Z S10SDGyy .

b eBHE keKES

+ Z S1ONDGy

10N
k€Kyp

+ 300RConv Z S30RDGy p i

30R
keKF)

_ Z SSMaxDelVioly  ;

i= 1..N5MaxDe.'.Vi0?H

< MaxSDEL,

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

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

Z Z ODGh,b . ManDGb + Z SDGh,b,R

h=1.24 \p EB‘?E kEK."Eb
N Z SSMinDelViol,
i=1.NsMminDelVioly,
= MinSDEL

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

8.6.5.7  For all linked dispatchable hydroelectric generation resources between
upstream resources by € B, and downstream resources b, € By, for
(b,b,) € LNKand hours A€ {1, .., 24} such that A + Lag, , < 24:

ODGi1ag, , b, MINQDGy, + D SDGinsrag, b,

HE E
by€B gy kEsz,thLagbl by

- > S()GenLnkViolh“agbl‘bz,(bl,bz)

L
i=1.N ;
OGer]LnkV!olh+Lagb b

+ > S[)‘GenLnszol,wmgb1 b (1)
=1Nygeninivioly , ; , .

= MWhRatiObl,bZ
ODGh,bl 'ManDGbl + Z SDGk,h,bl

HE E
b,EByy KEK,

8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance

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

Z SPRLy, ; if b € BPRL

_ ) Z SDLy, if b e BPL

E (QHDRy,p,j — SHDRpp, ;) if b € BPR
=
J€lhp

8.7.1.2  The net energy withdrawal for virtual transaction zone m € Min hour
he{l,..,24}, VWithym, as all bids scheduled from virtual
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8.7.1.3

8.7.1.4

transactions for energy less all offers scheduled from virtual
transaction for energy shall be:

VWithy=| > > SVByi = Y Y SVO0,

UEVijejiv vEVO, keK}E;v

The total amount of export energy scheduled at intertie zone bus
de DXinhour he {1, .., 24}, Withy, 4 as the exports from Ontario

to the /ntertie zone bus shall be:

Withh,d = Z SXLthJ
jefﬁ:d
The total amount of injections scheduled at internal bus 6 € Bin hour
hell,.., 24}, Inj, ,, shall be:

ﬁ%¢:Qﬁﬂwm+Rme%b

where
Of ferInjy,y,
SNDG 1 if b € BNDG
KEKE ),
ODGyp - MinQDGp, + Z SDGppx if b € BP¢
KEKE,
and
RamplInjy

RampEb,w ' 1DGh+w,b Lf be BNQS
w=1l.min(RampHrsp,24—h)
0 otherwise
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8.7.2

8.7.1.5

8.7.1.6

The total amount of import energy scheduled at /intertie zone bus
de DIinhour he {1, .., 24}, Inj, , as the imports into Ontario

from that /intertie zone bus shall be:

Injpq = Z SIGy g x
keRﬁd

Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor calculated by the security assessment
function to reflect the losses or reduction in losses that result when
injections or withdrawals occur at locations other than the reference
bus. These loss-adjusted injections and withdrawals must then be
equal to each other after taking into account the adjustment for any
discrepancy between total and marginal losses. Load or generation
reduction associated with the demand constraint violation shall be
subtracted from the total load or generation for the day-ahead market
calculation engine to produce a solution. For hour A€ {1, . ., 24},
the energy balance shall be:

AFLy + Z (1 + MglLossy ) - Withy,
beBFRLygDLygHDR

+ Z (1 +VMglLossy ) - VWithy, .,
meM

+ Z (1 + MglLossy4) - Withy, 4
d€DX

_ Z SLdVioly,;
i=1.Npaviol,

= z (1 + MglLossy, ) - Injpp
beBNDGBDG

+ Z (1+ MglLossy 4) - Injp, 4
deDI

— z SGenVioly, ; + LossAdj,
i=1.Ngenviol,,

Operating Reserve Requirements

8.7.2.1

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

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

For each hour he {1, .. 24%

Z Z S10SDLy,; |+ Z Z S10SDGy,

DL f= 7108 DG 108
bEBT™ \j€ln beBPE \ kek Y

+ Z S10SVioly; = TOT10Sy;

i=1.Niosviol,

Z z S10SDLyy; |+ Z Z S10SDGy, 1

beEBDL \ jejlos beBDEG \ keg 195

+ Z (Z SlONDLh,bu,-)—F Z ( Z SlONXLthJ-)
i€Thb Jelhd

beBDL deEDX

+ Z ( Z SlONDGh,b,k) + Z( Z SlONIGh,d,,C>
kekioN

beRDG kEK,{%N deDl

+ Z S10RViol,; = TOT10Ry;

i=1.Niorvioly,

and
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Z Z S10SDLy,; |+ Z Z S10SDG, p x

berDL \ jei4s berPE \kekills

+ Z Z S10NDLy,; | + Z Z S10NXLy 4 ;
beBPL \ je ioN denx \ jejioN

+ Z Z S10NDGy ;. | + Z Z S10NIG, 4
bepDG ke}(ﬁ'%N depI kEK,{%N

+ Z Z S30RDLyp; |+ Z Z S30RXLy, 4 ;
bepDL thEI%R deDx je;ﬁff

+ Z Z S30RDGy . | + Z Z S30RIG 41,
beBPE \jekiR deDl \gekif

+ Z S30RViol,; = TOT30R,
i=1.NzoRvioly,

8.7.2.3  The following constraints shall be applied for each hour A€ {1, . . 24}
and each region re ORREG:

S10SDLy,; |+ Z Z S10SDG, p x

beBFECNBDPL \ jejits beBFECNRDG \ ek ]SS

+ Z Z S10NDLy, ), ;

beBFECNRDL \ jeloN

+ z Z S10NXLy, 4
aepfECnpx \jeiol

+ Z Z STONDGy, 3

beBFECNBDE \ gek 9N

+ Z z S10NIG, 4

aepRECnpr \kekpioN

+ Z SREG10RViol,,; = REGMin10R,,,;

i=1.NRgGiorvioly
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S10SDLy,; | +

beBREGnBDL \ je 1os

+ Z Z S10NDL,, ;

beBREGNRDL \ jesloN

+ Z z S1ONXLy 4 ;

depfESnpx \jespoN

+ Z Z S10NDGy, ) x

beBRFEABDG \ ke

+ Z Z S10NIG, 4

deDRESnpr \kekpN

_ Z SXREG10RViol, ,

i=1.NXREG10RViol},

< REGMax10Ry,;

beBREGNRDG \kek}9S

S10SDG, 1 1
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Z S10SDLy,, | + Z Z S10SDG, p

JEIEY beBRECNBPG \ kek}9S

S10NDLy

BEBFEGNBDL \ jerioN

Z S10NXLy 4,

deDFECnDX \ jejio

S10NDGy 4

beBRECNBDG \ peklyN

S10NIGp 4

deDFECnDI \kekpy

Z S30RDLy,

bEBRECNBPL \ je 3ok

Z S30RXLy 4,

deDFECnDX \ jeJfof

S30RDGy px

beBRECNBDG \ kekR

S30RIG, 4

deDFECnDI \kekiof

SREG30RViol,,; = REGMin30Ry,,;

i=1.Npgczerviol,
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8.7.3

and

Z (Z SlOSDLMJ)+ Z ( Z S'IOSDGH_M)
beBFECnBPL \ jejiof beBRECNBPE \kek]}®

+

+

+

=

( Z SlONDLh_M)
beBFECnBDL \ je io

( Z SlONXLh_dJ)
depfECnpx \ jesiol

( Z SlONDGM.R)
beBRECNBDE \ kek}9V

( Z SlONIGhldlk)
depfECnpr \ ke

( Z S30RDLMI;()
beBRECNBDL \ jejiR

( Z 53ORXLh_dJ-)
deDFECnDx \ jesioR

( Z S3ORDGh_M)
beBRECNBDE \ kek3R

( Z S30RIG,LM)
deDEECnDI \ kekiof
SXREG30RViol, p;

i=1.NxrEGaorvioly,

REGMax30Rj,..

IESO Internal Transmission Limits

8.7.3.1

A set of energy schedules shall be produced that do not violate any
security limits in the pre-contingency state and the post-contingency
state subject to the remainder of this section 0. The total amount of
energy scheduled to be injected and withdrawn at each bus used by
the energy balance constraint in section 0, shall be used to produce
these schedules.
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8.7.3.2  Pre-contigency, SPrelTLViol,,, and post-contingency, SITLViol. rp,
transmission limit violation variables shall allow the day-ahead market
calculation engine to find a solution.

8.7.3.3 For all hours h € {1, .., 24} and facilities f € F;, the linearized
constraints for violated pre-contingency limits obtained from the
security assesment function shall take the form:

PreConSFy sy, - Inj,
beBNDGYRDG

- Z PreConSFy - Withy,,
peBFPRLypDLypHDR

- Z VPreConSFEy, ;. - VWithy
meM

+ Z PreConSFy ;4 - Injp q
deDI

- Z PreConSFy, 4 - Withy, 4
dEDX

- Z SPrelTLViol; ), ;

L=1L.NprerrLviols,

< AdjNormMaxFlowy, ;

8.7.3.4 Forallhours A€ {1, .., 24}, contingencies c € C, and facilities
f€ Fp the linearized constraints for violated post-contingency limits
obtained from the security assesment function shall take the form:

SFhepp Tinp — Z SFycrp - Withyp
beBNDGYRDE peBPRL{BDLyRHDR
_ z VSFyepm - VWithy, , + Z SFucra
meM deDi
" Inj'h,d - Z SF}!.,C,f,d. " Withh,d
deDX

_ Z SITLViol, s p;
i= L.NrrLviol, f
< AdjEmMaxFlowy, s

8.7.4 Intertie Limits

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

EnCoeff,, Z Z SIGpax — Z Z SXLna,

deDI, _ICEK’E'd deDX, je]:f;-:d

Z Z S10NIGy g, + Z S30RIGy 4 |+

a€A: EnCoef fo z%0 d€Dlg \kekiON keK3OR

)

+0.5 - (EnCoeff,, +1)

Z Z S10NXLy g + Z S30RXLyq

aeDXa \ jejpQ JEIRe

SPreXTLViol,,; < MaxExtSchy, ,

i= L.NprexTiviol,

8.7.4.2

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

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

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

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

Z Z SIGh—l,d,k - Z Z SXLh—l,a,j - E.?CtDSC;l

E = 1E
daebDi kEKh—i,d dEDXJ'th—l,d

_ Z SNIDViol,;

i=1.NNipviol;

S Y S 3 Y s

depI kgf(id dEDnghid

<)), Steac= ) ), SKhusa,

deDI ke]{f_m deDX jeff—Ld

+ ExtUSC, + Z SNIUViol,

1 =1L.Nniuviely,
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8.7.5

8.7.5.1

Penalty Price Variable Bounds

Penalty price variables shall be restricted to the ranges determined by

the constraint violation penalty curves for the As-Offered Scheduling
algorithm and for all hours A€ {1, .., 24}:

0 = SLaVioly,; = QLdViolSchy;

0 = SGenViol,; = QGenViolSchy,;

0 = S10S8Violy,; = Q10SViolSchy, ;

0 = S10RViol;,; = Q10RViolSchy,;
0 = S30RViol, ; = Q30RViolSchy,;

0 < SREG10RViol, ,; < QREG10RViolSch,,;

. B )
i € {1,.., Nrggiorvior, 5

0 < SREG30RViol,,; < QREG30RViolSch,;

. ; )
i € {1,.., Nregsorvio, }5

0 < SXREG10RViol, ,; < QXREG10RViolSchy,

o .
i € {1,.., Nxgeciorviot, s

0 < SXREG30RViol, ,; < QXREG30RViolSchy,;

S .
i € {1,.., Nxgegaorviot, )3

0 = SPrelTLViolsy; = QPrelTLViolSchy, ;

7 f .
i € {L..., Nprerrrvioty , J:

foralli € {1,.., Nyayio, J;

foralli € {1,.., Ngenvior, J;
foralli € {1,.., Nypsvior, };
foralli € {1,.., Niorvio, };
foralli € {1,.., N3orviol, };

for all » € ORREG,

for all » € ORREG,

for all » € ORREG,

for all € ORREG,

forall f € Fp,
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0 < SITLViol, y; < QITLViolSche s forallc € C,f € Fy,.
1 € {L...Niwvior, ;o J:

0 < SPreXTLViol,y; < QPreXTLViolSchyy;  forallz € Zscn,
i € {1,.., NPreXTLWOIZ,n};

0 < SNIUVioly; < QNIUViolSchy, foralli € {1, .. Nyyiol, }
0 < SNIDViol,; < QNIDViolSchy, foralli € {1. ... Nmpyior, }:
0 < SMaxDelVioly,,; < QMaxDelViolSchy,; for all b € BELR,

i€l .., NMaxDeIV[oIh};

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

i € {1 ... Numpewioi}:

0 < SSMaxDelVioly s; < QSMaxDelViolSchy, ; for all s € SHE,

i € {l,... Nemaxpetviol, >

0 < SSMinDelViol, s; < QSMinDelViolSchy,; for all s € SHE,
el .., N‘;Minbeilfiolh};

0= SOGenLnkVioIhJ(bljbz}_i < QO0GenLnkViol,;  forall (by,b,) € LNK,

i € {1,.., NogenLnkviol, ) and
0< SUGenLnkVioIhr(bbbzﬂ < QUGenLnkViol,; forall (by,b,) € LNK,

i € {1,.., Nygeninkvioly}

8.8 Outputs

8.8.1 Outputs for the As-Offered Scheduling algorithm include resource schedules and
commitments.
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9 As-Offered Pricing

9.1 Purpose

9.1.1 The As-Offered Pricing algorithm shall perform a security~constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, including resource schedules and commitments
produced by the As-Offered Scheduling algorithm, to meet the JESO’s average
province-wide non-dispatchable demand forecast and JESO-specified operating
reserve requirements for each hour of the next dispatch day.

9.2 Information, Sets, Indices and Parameters

9.2.1 Information sets, indices and parameters used by the As-Offered Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedules and commitments from the As-Offered Scheduling algorithm in section
0 shall be used by the As-Offered Pricing algorithm:

9.2.1.1 SDGf;,Obfk, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus

be By B inhour he {1, .., 24} in association with lamination
ke k‘/‘-;-/b’

9.2.1.2 OD hgs , which designates whether the dispatchable generation

resource at bus b € B°° was scheduled at or above its minimum
loading pointin hour he {1, .., 24};

9.2.1.3 S10SD h/%fk, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus o € B2 u B inhour h€ {1, .., 24} in
association with lamination & € /(,1,?5;;

9.2.1.4 ﬂONDGAg/%fk, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus £ € B u B inhour he {1, .., 24} in
association with lamination & € /(,1,%";

9.2.1.5 530RDG",;/%§,(, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to

Page 94 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



provide at bus b € By B inhour he {1, .., 24} in association
with lamination k€ ,,?,f; and

9.2.1.6 OHOf;/%S, which designates whether the dispatchable hydroelectric

generation resource at bus b € B has been scheduled at or above
MinHOy, p in hour he {1, .., 24}.

9.3 Variables and Objective Function
9.3.1 The day-ahead market calculation engine shall solve for the same variables as in
the As-Offered Scheduling algorithm, section 0, with the following exceptions:
9.3.1.1 DG, for bus b€ B¢ and hour h€ {1,.., 24} shall not appear in the
formulation;
9.3.1.2  0DG,) for bus be B”“ and hour he {1,..,24} shall be fixed to a
constant value;
9.3.1.3  0HO,, for bus be B and hour A€ {1,.., 24} shall be fixed to a
constant value;
9.3.1.4  [HEy,, for bus be BE, hour A€ (1,..,24} and start indication value
i € {1,.., NStartMW,} shall not appear in the formulation;
9.3.1.5  SOGenLnkVioly s, 1, for (by, by) € LNKsuch that b; € By and b, €
d;:, hour 1€ {1, ..,24}and 7 € {1, .., Nogennkvio,} Shall not
appear in the formulation; and
9.3.1.6  SUGenLnkViolyp, 1, for (by,by) € LNK such that by € B5 and b, €
BZ,’;E, hour he{1,..,24}and / € {1, .., Nygennkvios,} Shall not
appear in the formulation.
9.3.2 The objective function for the As-Offered Pricing algorithm shall maximize gains
from trade by maximizing the following expression:
ObjPRLy, + ObjDL;,, — ObjHDR), + ObjVB,, + ObjXL, — ObjNDG,
. ( — 0bjDG,, — ObjVO, — 0bjIG, — TB), — ViolCost, )
=1,.24
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where:

Ob]PRLh = Z Z SPRLh,b,j 'PPRLh,b,j

beBPRL \ j Eff,b

Z SDLh,b,j " PDLh,b,j - z SlOSDLh,bJ - PlOSDLh,bJ‘ -

'E]E = 108
ObjDL, = JE€Ihp J€lnp
bEBDL Z SlONDLh,bJ * PlONDLh,b,j - Z S3ORDLh,b,j " PSORDLh,bJ‘
J €l J €l

ObjHDR;,, = Z Z SHDRy ;- PHDRy, , j

beBHDR je]gb
ObjVB, = Z Z SVBhy,j* PVBpy,j
veVB jE]!’f,v
Z SXLh,d,j : PXLh,d,j - Z SlONXLh’d,j " PlONXLh,d,j
ObjXL, = Z J€lka Jend
dEDX - Z S3ORXLh,d,j * P30RXLh.d,j
j€lhd'

ObjNDG, = Z Z SNDGppy - PNDGp i

beBNDE \ kekf,
Z SDGppy PDGhp e + Z S10SDGy p i - P10SDGy p e +
0bjDG, = kEKE ), KeKE9S
o Z STONDGppxc - PLONDGppx + Z S30RDGpp . - P3ORDGpp x
kekiGN KERR
OijOh = z Z SVOh‘ka * PVOh,U,R
vEVO \k EKEJ,
Page 96 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0

REV-21-06



Z SIGth‘k " PIGh,d,k + Z SlONIGh’d‘k : PlONIGth'k

ObilG KEKE 4 ke oY
J1Gy = E
deD! + S301Gp,q - P3ORIG q

KeK;OR

9.3.2.1  The tie-breaking term (TB;,) shall be the same term described in
section 0.

9.3.2.2 ViolCost,, shall be calculated as follows:

ViolCost, = z SLdVioly; - PLdViolPrcy,;

i=1.Npavioly,

— Z SGenVioly, ; - PGenViolPrcy, ;

i=1--NGenVith

+ Z S10SViol,, ; - P10SViolPrcy ;

i=1..Nqosvioly,

+ Z S10RViol, ; - P1ORViolPrcy,

i=1.N1ioRviol

+ Z S30RVioly, ; - P30RViolPrcy ;

i=1.N3oRvioly

Yy > SREGI0RViol,,,

TEORREG i=1--NREGloﬁ'V1.OIh

- PREG10RViolPrc,;
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+ Z Z SREG30RViol,

TEORREG \i=1.NRpgaoRrvioly

- PREG30RViolPrcy,;

+ Z Z SXREG10RViol, ,

TEORREG \i=1.NxRrEG1oRviol;

" PXREG10RViolPrcy ;

4 z Z SXREG30RViol,

TEORREG i=1--NXRE630RVl'DIh

* PXREG30RViolPrcy

4 Z Z SPrelTLViol,

FEFn \I =L.Nprerrviols

- PPrelTLViolPrcg p ;

+Z Z Z SITLVioly sy
CEC fEFp¢ i=1--N1TLVIOIC_f_h

- PITLViolPrc. s i

N Z Z SPreXTLViol,

2€Zscn \I=1.NprexrLviol,

- PPreXTLViolPrc,

Page 98 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0

REV-21-06



+ Z SNIUViol,; - PNIUViolPrc, ;

i =1.NNI1UVioly,
+ z SNIDVioly; - PNIDViolPrcy, ;.
i=1.NNIDVialy,
+ Z Z SMaxDelVioly ,, ; - PMaxDelViolPrcy, ;
beBELR \ i =1.NMaxDelVioly,
+ z Z SMinDelVioly ), ; - PMinDelViolPrcy,;
beBHE \i=1.Nyinpelviol,
+ Z Z SSMaxDelVioly, ¢ ; - PSMaxDelViolPrcy, ;
s€SHE \i =1.NsMmaxDelVioly,
+ Z Z SSMinDelVioly, 5 ; - PSMinDelViolPrc, ;

SESHE \i=1.NsMinDelViol,

9.4 Constraints

9.4.1 The constraints described in sections 0, 0, 9.7 and 9.8 apply to the optimization
function in the As-Offered Pricing algorithm.

9.5 Dispatch Data Constraints Applying to Individual Hours

9.5.1 Scheduling Variable Bounds
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9.5.1.1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9.5.1.2

No schedule shall be negative, nor shall any schedule exceed the
quantity respectively offered for energy and operating reserve. For all

hours A€ {1,..,24}:

< SPRLyy,; < QPRLy;

< SDLyy; < QDLy,,;

< S10SDLyp,; < Q10SDLy,
< S10NDLy, ; < Q1ONDLy,, ;
< S30RDLyy; < Q30RDLy
< SHDRy,;,; < QHDR;,, ;

< SVByyj < QVByy )

< SXLpgj < QXLpq

< S10NXLy 4; < Q1ONXLy 4
< S30RXLyq; < Q30RXLy 4 ;
< SNDGp 1 < QNDGyp

< SVOhpi < QVOpyi

< SIGhap < QIGhap

< S10NIGp 45 < QLONIGy 4
< S30RIGh 45 < Q30RIG 44

forallb € BFRL j e JF
forallb € B”:, j € JE
forall b € B, j € J395;
forall b € BPL, j € JEON;
forall b € BPL,j E];?,%R;
forall b € BHPR E]E,b;
forallv € VB, j E]}f,vi
forall d€ DX, j € JE 4;
forall d€ DX, j € JLO;
for all d€ DX, j € J3°F;
forall b € BN?S, k € KE,;
forall ve VO, k € Kf_.u;
forall de DI k € K,f'd;,
forall de DL k € K,,}'%N; and
forall de DL k € K,f'?f

A dispatchable generation resource can be scheduled for energy and
operating reserve only if its commitment status variable is equal to 1.

For all hours he {1, .., 24}:

0 <SDGppp < 0DGyp, - QDG

forall b € B, k € K} ;

0 < S10SDGypx < ODGyy, - Q10SDGy,,  forall b € BPS, k € K95,

0 < S10NDGy, ) < ODGyy, " QLONDGy,,, forallb € B¢, k € K5V,

and

0 < S30RDGyx < ODGy )y, - Q30RDG,,, forallb € B¢, k € K;JOF

where:
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0DGp, ), is a fixed constant in the above constraints as per section
0.

9.5.2 Resource Minimums and Maximums

9.5.2.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

9.5.3 Off-Market Transactions

9.5.3.1  The constraints in section 0 and 0 shall apply in the As-Offered Pricing
algorithm.

9.5.3.2 In the case of emergency energy transactions, subject to section 0,
the constraints in sections 0 and 0 shall apply in As-Offered Pricing
algorithm.

9.5.3.3 For all hours h € {1, . ., 24} and all intertie zone buses scheduled to
import emergency energy that does not support an export de DIEMNS:

9.5.4 Operating Reserve Requirements

9.5.4.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

9.5.5 Pseudo-Units

9.5.5.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

9.5.6 Dispatchable Hydroelectric Generation Resources

9.5.6.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm, with the following exceptions:

9.5.6.1.1 offerlaminations for energy corresponding to the hourly
must-run amount shall be ineligible to set prices;

9.5.6.1.2  minimum hourly output constraints shall be replaced by
the constraints in section 9.8; and
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9.5.7

9.6

9.6.1

9.6.2

9.6.3

9.6.4

9.5.6.1.3 a dispatchable hydroelectric generation resource’s
schedule shall respect its forbidden regions and may only
set prices within the operating range determined by the
adjacent forbidden regions between which the resource
was scheduled.

Linked Wheeling Through Transactions

9.5.7.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

Dispatch Data Inter-Hour/Multi-Hour Constraints
Energy Ramping

9.6.1.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

Operating Reserve Ramping

9.6.2.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

Energy Limited Resources

9.6.3.1  The constraints in section 0 shall apply to energy limited resources. If
the maximum daily energy limitis binding, then the constraints in
section 9.8 shall apply.

Dispatchable Hydroelectric Generation Resources

9.6.4.1 A dispatchable hydroelectric generation resource shall be scheduled
for energy to at least its minimum daily energy limit. Violation
variables for scheduling a resource below its minimum daily energy
/imit may be used to allow the day-ahead market calculation engine to
find a solution. For all dispatchable hydroelectric generation resource
buses b€ BE:

Z ODGp )y, * MinQDG, + Z SDG, p
h=1.24 kEK.Eb

+ Z SMinDelViolh‘b‘i) = MinDEL,

1=1.NpinDelVioly,
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9.6.4.2  The constraints in section 0 shall apply to a dispatchable hydroelectric
generation resource with a binding minimum daily energy limitin the
As-Offered Scheduling algorithm in section 0.

9.6.4.3  The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum
daily energy limits. Violation variables for scheduling resources above
the maximum daily energy limit may be used to allow the day-ahead
market calculation engine to find a solution. For all sets s € SHE and
all hours He {1, . . ,24}:

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

h=1.H \p eBHE kEKE ),

+ Z 100RConv Z S105DGy p

b eBlE kEKE

+ Z S10NDGy

10N

+ 300RConv z S30RDGy p

30R
kKb

— z SSMaxDelVioly  ;

i=1.NsMaxDelVioly

< MaxSDEL;

where the factors 100RConv and 300RConv shall be applied to
scheduled ten-minute operating reserve and thirty-minute operating
reserve for energy limited resources to convert MW into MWh.

9.6.4.4  The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not violate shared minimum
daily energy limits. Violation variables for scheduling resources below
the minimum daily energy limit may be used to allow the day-ahead
market calculation engine to find a solution. For all sets s € SHE:
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Z Z 0DG, , - MinQDG, + Z SDGy x

= HE E
h=1.24 \p €B; kEK} ),

+ Z SSMinDelViol, ;; | = MinSDEL

i=1--NSMinDeIVioIh
9.7 Constraints for Reliability Requirements

9.7.1 Energy Balance

9.7.1.1  The constraint in section 0 shall apply in the As-Offered Pricing
algorithm, except the marginal loss factors used in the energy balance
constraint in the As-Offered Pricing algorithm shall be fixed to the
marginal loss factors used in the last optimization function iteration of
the As-Offered Scheduling algorithm.

9.7.2 Operating Reserve Requirements

9.7.2.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

9.7.3 IESO Internal Transmission Limits

9.7.3.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm, except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of
the As-Offered Pricing algorithm.

9.7.4 Intertie Limits

9.7.4.1  The constraints in section 0 shall apply in the As-Offered Pricing
algorithm.

9.7.5 Penalty Price Variable Bounds
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The following constraints shall restrict the penalty price variables to
the ranges determined by the constraint violation penalty curves for

the pricing algorithm. For all h€ {1, .., 24}:

0 = SLdViol,; = QLdViolPrcy,;

0 < SGenViol,; < QGenViolPrcy;

0 = §108Violy,; < Q10SViolPrcy;

0 = S10RViol,; = Q10RViolPrc,;

0 <= S30RViol, ; < Q30RViolPrcy;

0 < SREG10RViol, ,; < QREG10RViolPrcy;
NREGloRVioth}é

0 =< SREG30RViol, ,; < QREG30RViolPrcy ;
NREt;soRVioth}é

0 < SXREG10RViol, ,; < QXREG10RViolPrcy,;
NXREGwRViozh};

0 < SXREG30RViol, ,; < QXREG30RViolPrcy,;
NXREGSORVioIh};

0 < SPrelTLViol;y,; < QPrelTLViolPrc,p,;

NP?’eITLViDIf_;, }5
0< SITLVL'OICIf'h,i < QITLViolP‘rCC'f'h,i

L., NITLVEO.!CJ«‘;I};

0 < SPreXTLViol,,; < QPreXTLViolPrc,,;
NPTeXTLVioLZ‘h};

0 < SNIUVioly,; < QNIUViolPrcy,;

0 < SNIDVioly,; < QNIDViolPrcy,;

0 < SMaxDelViol, ;,; < QMaxDelViolPrc,,;
NMaxDelViolh};

0 < SMinDelVioly, ,,; < QMinDelViolPrcy, ;
Nyinpewior, 13

0 < SSMaxDelViol,, ;; < @QSMaxDelViolPrcy, ;
NSMaxDelVioIh}; and

0 < SSMinDelVioly, ;; < QSMinDelViolPrcy, ;

NSMinDelViolh}'

foralli € {1....Nyayios, }s
foralli € {1,.., Ngenpion 14
foralli€ {1,.. ,ngsy,—ogh};
foralli € {1, .., Nigry,}:
foralli € {1..., Naorrios
for all » € ORREG, i € {1, ..,

forallr € ORREG,i € {1, ..,
forallr € ORREG,i€ {1, ..,
forall » € ORREG,i€ {1, ..,
forall f € Fp,,i€ {1,..,
forallc€C,f €EF, i€

forallz € Zg.p, i € {1, . .,

foralli € {1, .., Nyviot,}:
foralli € {1..., Nypyior, ):

forall b € BELR ;g 1, ..,
forallb € BHE j € {L..,
foralls € SHE,i € {1, ..,

foralls € SHEi € {1,..,
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9.8

9.8.1

9.8.2

Constraints to Ensure the Price Setting Eligibility
Reflect Offer/Bid Laminations

Commitment Status Variables

9.8.1.1

Commitment decisions shall be fixed to the commitment statuses of
resources calculated by the As-Offered Scheduling algorithm in
section 0. For all hours € {1,.., 24} and all buses b€ B"¢:

ODG,, = ODG;®

Energy Limited Resources

9.8.2.1

For an energy limited resource with a maximum daily energy limit that
was binding in the As-Offered Scheduling algorithm in section 0, the
schedules calculated in the As-Offered Scheduling algorithm shall
determine the price-setting eligibility of the resource’s energy and
operating reserve offer laminations. In each hour, energy or operating
reserve laminations up to the total amount of energy and operating
reserve scheduled in the As-Offered Scheduling algorithm shall be
eligible to set prices. For bus b € B?L%, if there exists an hour
He{1,..,24} such that:

Z (ODG;;{‘gS-MinQDGb+ Z SDGh",gﬁt)

h=1.H kEK{;‘b

+1OORCom;( Z S10SDG;%%

108
KEKES;

+ Z S10NDGPS, )
KERGD

+ 3OORCom:( Z

30R
ke Kip

SSORDG;?‘?,:S,{) = MaxDEL,

then the maximum aaily energy limit constraint shall be considered
binding in the As-Offered Scheduling algorithm. In such
circumstances, the following constraints must hold for bus

beBF R for all hours A€ {1,..,24}:

z SDGppy < Z SDGR)% + €

& E
k€K keK}
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Z SDGy p + Z S10SDG, 1, + Z S10NDGy,

108 10N

kEKE ), KEK}S: kekpy
h-1
+ Z S30RDG, i sMaxDELb—Z Z SDGAYS
keKROR =1 keKf),

where € is a small positive constant.
9.8.3 Dispatchable Hydroelectric Generation Resources

9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the As-
Offered Scheduling algorithm in section 0, such resource shall also be
scheduled at or above its minimum hourly output in the As-Offered
Pricing algorithm. The energy offer laminations corresponding to the
minimum hourly output amount shall be ineligible to set prices. If a
dispatchable hydroelectric generation resource with a minimum hourly
output amount receives a zero schedule in the As-Offered Scheduling
algorithm, the resource shall also receive a zero schedule in the As-
Offered Pricing algorithm and shall be ineligible to set prices in the
energy market. For all hours h€ {1, .., 24} and dispatchable
hydroelectric generation resource buses b€ B

0ODGy,, - MinQDG, + z SDGppx = MinHOy, ;, - OHORY®

kekE,
and for all k € Kﬁb.'

0 < SDGppi < OHORYS - QDG

9.8.3.2  For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by
the As-Offered Scheduling algorithm in section 0. The resource’s
schedule shall be between the same start indication values as
determined in the As-Offered Scheduling algorithm. For all

hydroelectric buses b € B and all hours A € {1, .., 24}:
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9.8.3.3

9.8.3.4

If 0 < 0DGhp° - MinQDGy + Xy, SDGiDY < StartMW,.
then

0 < 0DG,, - MinQDG, + SDGp i < StartMW,, — 0.1
KEKE ,

If StartMW,,; < ODGj{}® - MinQDGy, + Xy ek, SDGRDS <

StartMW,, ;,4 fori€ {1, .., (NStartMW, — 1)},

then

StartMWb'i < ODGh,b " MLnQDGb + Z SDG.’L,b,k
kekE,

< StaTtMWb,i_'_l —0.1

If ODGY® - MinQDG), + zkEbeSDG,ﬁng > StartMWy, ysearemwy,»
then

ODGy,, - MinQDG, + SDG s = StartMWy ysearemw,
KEKL,

For a dispatchable hydroelectric generation resource with a minimum
daily energy limitthat was binding in the As-Offered Scheduling
algorithm in section 0, the energy schedules calculated in the As-
Offered Scheduling algorithm shall be ineligible to set prices. For all
dispatchable hydroelectric generation resource buses b € B such
that MinDEL, > 0 and

Z ODG}'3® - MinQDG,, + Z SDG{D% | < MinDEL,
h=1.24 kgK’Eb

the following constraints shall apply for all hours
he{l,..,24} and offer laminations k € K}Eb:

SDGy 5 = SDG/YS,

For a dispatchable hydroelectric generation resource with a shared
minimum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 0, the energy schedules calculated for
all resourcesin the set s € SHE in the As-Offered Scheduling
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algorithm shall be ineligible to set prices. Thus, for all sets s e SHE
such that:

Z Z ODGY® - MinQDG, + Z SDGEYS

h=1.24 \p eBHE kekE ),
< MinSDEL;

the following constraints shall apply for all hours
he{l,..,24;}:

ODGh,b ' ManDGb + Z SDGh,b,R

b eBlE kekE,

> Z ODGYS - MinQDG), + Z SDGRS,
b eBHE ke,

9.8.3.5  For a dispatchable hydroelectric generation resource with a binding
maximum daily energy limit in the As-Offered Scheduling algorithm in
section 0, the schedules calculated in the As-Offered Scheduling
algorithm shall determine the price-setting eligibility of the resource’s
energy and operating reserve offer laminations as described in section
0.

9.8.3.6  For a dispatchable hydroelectric generation resource with with a
shared maximum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 0, the schedules calculated in the As-
Offered Scheduling algorithm shall determine the price-setting
eligibility of the resource’s offer laminations for energy and operating
reserve. In each hour, the sum of energy schedules calculated in As-
Offered Scheduling algorithm for all resourcesin each set s € SHE
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will be eligible to set prices. For each set s € SHE, if there exists
H e {1,..,24} such that:

Z Z ODGYS - MinQDG,, + Z SDGYS,
h=1.H \p eBHE KEKF,

+ Z 100RConv Z S10SDG{9S,

b eBFE KEKE

+ z S10NDG}PS,

10N
k€K

+ 300RConv Z S30RDGH Y5,

30R
ke

= MaxSDEL;

then the maximum aaily energy limit constraint shall be considered
binding in the As-Offered Scheduling algorithm in section 0. In such
circumstances, the following constraints shall apply for hours

he{l,..,24):
Z Z SDGppr < Z Z SDGRYS, + €,

beBHE kekf, beBHE kekf
Z Z SDGpp . + Z S§10SDGyp p + Z S1IONDGy, p, &
beBHE \kekE kEKRY ke N

+ Z S30RDG, p i

30R
kEK}

h-1
< MaxSDEL, — Z Z Z SDGAY.

peBHE =2 pekf

where € is a small positive constant.
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9.9

9.9.1

10

10.1

10.1.1

9.8.3.7  For a dispatchable hydroelectric generation resource for which a MiWh
ratio was respected in the As-Offered Scheduling algorithm in section
0, such resource shall be scheduled between its As-Offered
Scheduling algorithm schedule plus or minus a tolerance A specified
by the /ESO. The resource schedule shall continue to be limited by its
offer quantity bounds, in section 0, and any applicable resource
minimum or maximum constraints, in section 0. For all hours
hedl, .., 24} and dispatchable hydroelectric generation resource
buses b € BYE such b € {b;, b,} where b; € B} and b, € BEE for
some (by,b,) € LNKwith A+ Lagbl, by < 24:

max (0 ,ODGY® - MinQDG), + Z SDG/Y% — A,AdeinDGM,>
keKS

< ODG}'9® - MinQDG), + Z SDG px

kERgb
MinQDG, + z QDG ODGRYS - MinQDGy, + z SDG/Y% + A,
= min KeKE, KeKE ),
Ad]‘MCUCDGh'b

Outputs

Outputs for the As-Offered Pricing algorithm include the following:
9.9.1.1  shadow prices;
9.9.1.2 locational marginal prices and their components; and

9.9.1.3  sensitivity factors.

Constrained Area Conditions Test

Purpose
The Constrained Area Conditions Test shall:
10.1.1.1 identify when and where competition is restricted; and

10.1.1.2 determine which resources shall have their financial dispatch data
parameters be subject to the Conduct Test in section 0 and the
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thresholds above the reference levels that shall be used in the
Conduct Test.

10.2 Information, Sets, Indices and Parameters

10.2.1 The sets and parameters associated with narrow constrained areas and dynamic
constrained areas shall be identified in accordance with Appendix 7.8 and used
by the Constrained Area Conditions Test.

10.2.2 Information, sets, indices and parameters for the Constrained Area Conditions
Test are described in sections 3 and 4. In addition, the following prices produced
by the As-Offered Pricing algorithm shall be used by the Constrained Area
Conditions Test:

10.2.2.1  LMEBS", which designates the /ocational marginal price for bus b€ B
in hour A€ {1,..,24};

10.2.2.2 PCon ,,,ZP , which designates the congestion component of the
locational marginal price for bus b€ Bin hour A€ {1,.., 24};

10.2.2.3  ExtLM. ,Lg” , Which designates the /ocational marginal price for intertie
zonebus de Din hour he{1,.., 24};

10.2.2.4  PExtCong,%’, which designates the /ntertie congestion component of
the /ocational marginal price for intertie zone bus d € D in hour
he{l,..,24};

10.2.2.5 PIntCong,9, which designates the internal congestion component of
the /locational marginal price for intertie zone bus d € D in hour
he{l,..,24};

10.2.2.6  IneLMP3", which designates the intertie border price for intertie zone
bus de Din hour he{1,..,24};

10.2.2.7  SPNormT;?”, which designates the shadow price for the pre-
contingency transmission constraint for facility fe Fin hour
he{l,..,24};

10.2.2.8  SPEmT;2f, which designates the shadow price for the post-
contingency transmission constraint for /acility fe Fin contingency
c€ C in hour h;
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10.2.2.9  SPNIUExtBwdT;°F , which designates the shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports between hour (h — 1) and hour h;

10.2.2.10 L30RAY" , which designates the /ocational marginal price for thirty-
minute operating reserve at bus b € Bin hour he{1,.., 24};

10.2.2.11 L10M, ,,,Z?P , which designates the /locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24}; and

10.2.2.12 £10SAg” , which designates the /ocational marginal price for
synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24)}.

10.3 Variables

10.3.1

The day-ahead market calculation engine shall use the constrained area
conditions in sections 0 and 0 to identify the resources that are part of the
following data sets:

10.3.1.1 BCond}“4, which designates the resourcesin a narrow constrained
area that must be checked for local market power for energy in hour
hefl,..,24};

10.3.1.2  BCond?“*, which designates the resourcesin a dynamic constrained
area that must be checked for local market power for energy in hour
he{l,.., 24

10.3.1.3  BCond5“, which designates the resourcesin a broad constrained area
that must be checked for local market power for energy in hour
he(l,..,24};

10.3.1.4  BCond$M?, which designates the resources that must be checked for
global market power for energyin hour A€ {1,..,24};

10.3.1.5  BCond:’S, which designates the resources that must be checked for
local market power for synchronized ten-minute operating reserve in
hour he{1,..,24};

10.3.1.6  BCond:’", which designates the resources that must be checked for
local market power for non-synchronized ten-minute operating
reservein hour he{1,..,24};
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10.3.1.7  BCond3°%, which designates the resources that must be checked for
local market power for thirty-minute operating reserve in hour
he{l,..,24}%

10.3.1.8

10.3.1.9

10.3.1.10

BCondi™™%5 | which designates the resources that must be checked
for global market power for synchronized ten-minute operating
reservein hour he{1,..,24};

BCondi™°N  which designates the resources that must be checked
for global market power for non-synchronized ten-minute operating
reservein hour he{1,..,24}; and

BCondéMPOk | which designates the resources that must be checked
for global market power for thirty minute operating reserve in hour
hefl,..,24).

10.4 Constrained Area Conditions Test for Local Market

10.4.1

Power (Energy)

Constrained Area Conditions Test for Narrow Constrained Areas and Dynamic
Constrained Areas

10.4.1.1

If at least one transmission constraint for a narrow constrained area
or dynamic constrained area is binding in the As-Offered Pricing
algorithm, then all resources identified within the narrow constrained
area or dynamic constrained area area shall undergo the applicable
Conduct Test in section 0 and:

10.4.1.1.1

10.4.1.1.2

For each ne NCA and hour he {1, .., 24}: For each
transmission 7acility that transmits flow into n, fe FY¢4,
check if SPNormT;\?"+ 0 or SPEmT,;, 2+ 0 for the inbound
flow limit, the day-ahead market calculation engine will
place n in the set NCA,’and assign the resourcesin n to
the set BCond)“*; and

For each de DCA and hour he {1, .., 24}: For each
transmission facility that transmits flow into d, fe F2¢,
check if SPNormT;\?" + 0 or SPEmT; 2% # 0 for the inbound
flow limit, the day-ahead market calculation engine will
place d in the set DCA,’and assign the resourcesin d to
the set BCond?“.
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10.4.1.2 Each narrow constrained area and dynamic constrained area that
meets the criteria in section 0 shall be assigned to one of the
following subsets, as appropriate:

10.4.1.2.1 NCA,'designates the narrow constrained areas that qualify
for market power mitigation for energy in hour
hedl,..,24}; and

10.4.1.2.2 DCA,'designates the dynamic constrained areas that
qualify for market power mitigation for energy in hour h €
{1,..,24}.

10.4.2 Constrained Area Conditions Test for Broad Constrained Areas

10.4.2.1 If the congestion component of the /ocational marginal price for a
resource is greater than BCACondThresh, and the resource is not part
of a narrow constrained area or dynamic constrained area that has a
binding transmission constraint, then the resource shall be tested for
Conduct Test under the broad constrained area thresholds. For each
hour A€ {1,..,24} and bus b€ B”“ such that b ¢ BCond)“‘u
BCond™, if PCongy” > BCACondThresh, the day-ahead market

calculation engine will place resource b in the set BCond5“.

10.5 Constrained Area Conditions Test for Global Market
Power (Energy)

10.5.1 The day-ahead market calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to 0, if:

10.5.1.1 the intertie border prices at the global market power reference intertie
zones are greater than the specified threshold value, indicated in hour
he{l,..,24} by IntLMP{3" > IBPThresh for bids and offers, d €
DSMPRef " corresponding to the boundary entity resource bus for the
global market power reference intertie zone; and

10.5.1.2 at least one of the following conditions is met:

10.5.1.2.1 import congestion, represented by a negative /ntertie
congestion component, is present on all of the global
market power reference interties, indicated in hour
he{1,..,24} by: PExtCong}9" < 0 for bidsand offers,
d € DEMPRef corresponding to the boundary entity
resource bus for the global market power reference intertie
zone; or
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10.5.1.2.2 the net interchange schedule limit is binding for imports,
represented by a non-zero net interchange schedule limit
shadow price for incremental imports, indicated in hour
he{l,.., 24} by: SPNIUExtBwdT;°" + 0.

10.5.2 If the conditions in sections 0 are met, then the day-ahead market calculation
engine shall test resources that can meet incremental load within Ontario for
global market power, for each hour #€ {1, .., 24}, place all »€ B¢ in the set
BCondéM?, unless they are excluded because of one of the following two
conditions:

10.5.2.1 the resourcesin any zone have congestion components at least
$1/MWh below the internal congestion component at all of the globa/
market power reference intertie zones:

10.5.2.1.1 if PCong9" < PIntCongy%’ — $1/MWh where d € DEMPRef

is true for all global market power reference intertie zones,
or

10.5.2.2 the resources can not meet the incremental load because of a binding
transmission constraint:

10.5.2.2.1 if resources can not meet incremental load because of any
binding transmission facility where SPNormT;?" # 0 or
SPEmT,2F # 0.

10.6 Constrained Area Conditions Test for Local Market
Power (Operating Reserve)

10.6.1 Subject to section 0 for a regional minimum requirement of greater than zero for
a specific class of operating reserve, then all resources within the region with
offers for classes of operating reserve that can satisfy the requirements of the
specific class of operating reserve shall be tested for local market power:

10.6.1.1 A resource shall not qualify for local market power mitigation test for
operating reserve if the resourceis located in a region with a binding
maximum constraint and for each resource b € B¢ u BPL and hour
hefl,.., 24}

10.6.1.2 subject to section 0, if b is in a region with a non-zero minimum
requirement, then b is subject to the Conduct Test and is placed in
the set BCond}%, BCond}°N, or BCond3°%; and

4
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10.6.1.3 if b is in a region with a binding maximum restriction constraint, then
b is exempt from the Conduct Test.

10.7 Constrained Area Conditions Test for Global Market
Power (Operating Reserve)

10.7.1 A resource shall be subject to global market power mitigation testing for
operating reserve if its offers for a class of operating reserve where the
locational marginal price for that class of operating reserve is greater than
ORGCondThresh.

10.7.2 Subject to section 0, if the condition in section 0 has been met for a class of
operating reserve, then all resources with offers for classes of operating reserve
that can satisfy the requirements of that class of operating reserve shall be
tested and for each b€ B°“u B”Fand hour A€ {1,.., 24}:

10.7.2.1 if L10SP{" > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCond{MP105;

10.7.2.2  if LIONP/?" > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCond{MP1ON: and

10.7.2.3  if L30RPP" > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCondMP30R,

10.7.3 If b is in a region with a binding maximum constraint, then b shall be exempt
from the Conduct Test.

10.7.3.1 If a resourceis located in a region with a binding regional maximum
constraint, then the resource shall not qualify for global market power
mitigation testing for operating reserve.

10.8 Outputs

10.8.1 Outputs of the Constrained Area Conditions Test include the list of resources that
will be subject to the Conduct Test in section 0 and the thresholds that will be
used in the Conduct Test for those resources.
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11

11.1

11.1.1

11.2

11.2.1

11.3

11.3.1

Conduct Test

Purpose

The Conduct Test shall verify whether the financial dispatch data parameter
values submitted by registered market participants for resources identified in
section 0 are within the applicable threshold level of the corresponding reference
level values for those resources.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Conduct Test in section 0
are described in section 3. In addition, the list of resources produced pursuant to
section 0 shall also be used by the Conduct Test.

Variables

The day-ahead market calculation engine shall apply the Conduct Test set out in
sections 11.4 and 0 to the resources identified by the Constrained Area
Conditions Test in accordance with section 0, to identify the following data sets:

11.3.1.1 The sets of resources that failed the Conduct Test for at least one
financial dispatch data parameter, where:

11.3.1.1.1 BCTy“ designates the resourcesin a narrow constrained
area that failed the Conduct Test for at least one financial
dispatch data parameterin hour he {1,..,24};

11.3.1.1.2 BCTP“ designates the resourcesin a dynamic constrained
area that failed the Conduct Test for at least one financial
dispatch data parameterin hour he {1,..,24};

11.3.1.1.3 BCTF“ designates the resourcesin a broad constrained
area that failed the Conduct Test for at least one financial
dispatch data parameterin hour he {1,..,24};

11.3.1.1.4 BCTF™* designates the resources that failed the global
market power for energy Conduct Test for at least one
financial dispatch data parameterin hour A€ {1,..,24};

11.3.1.1.5 BCTPR designates the resources that failed the local
market power for gperating reserve Conduct Test for at
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least one financial dispatch data parameterin hour
he{l,..,24}; and

11.3.1.1.6 BCTPR¢ designates the resources that failed the global
market power Conduct Test for operating reserve for at
least one financial dispatch data parameterin hour h €
{1,..,24};

11.3.1.2 The following financial dispatch data parameters for all hours
hefl,..,24}:

11.3.1.2.1 PARAME;,, designates the set of dispatch data parameters
that failed the energy Conduct Test at bus b€
BCTY4y BCTP“ v BCTPY U BCTMP in hour h, and may
include the following dispatch data parameters:

11.3.1.2.1.1  EnergyOfter; designates the non-zero
quantity of energy above the minimum
loading point in association with offer
lamination k€ K7 , failed the Conduct Test;

11.3.1.2.2 For all hours prior to and including the last hour where
conditions are met for the energy Conduct Test:

11.3.1.2.2.1 EnergyToMLPF, designates the non-zero quantity
of energy up to the minimum loading point in
association with offer lamination ke k7;"“" failed
the Conduct Test;

11.3.1.2.2.2 SUOffer designates the start-up offer failed the
Conduct Test; and

11.3.1.2.2.3  SNLOffer designates the speed no-load offer
failed the Conduct Test;

11.3.1.2.3 PARAMOR,,, designates the set of dispatch data
parameters that failed the gperating reserve Conduct Test
at bus b€ BCTPRE u BCTY?R in hour h, and may include the
following dispatch data parameters:

11.3.1.2.3.1 OR10SOffer; designates the non-zero quantity
of synchronized ten-minute operating reserve in
association with offer lamination k€ &3 failed the
Conduct Test;
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11.3.1.2.3.2  OR10NOffer, designates the non-zero quantity
of non-synchronized ten-minute operating reserve
in association with offer lamination k€ &3 failed
the Conduct Test;

11.3.1.2.3.3 OR30ROfter; designates the non-zero quantity
of thirty-minute operating reserve in association
with offer lamination k€ k3. failed the Conduct
Test; and

11.3.1.2.4 For all hours prior to and including the last hour where
conditions are met for the gperating reserve Conduct Test:

11.3.1.2.4.1 SUOffer designates the start-up offer failed the
Conduct Test;

11.3.1.2.4.2  SNLOffer designates the speed no-load offer
failed the Conduct Test; and

11.3.1.2.4.3  EnergyToMLPF, designates the non-zero quantity
of energy up to the minimum loading pointin
association with offer lamination k€ k7 , failed the
Conduct Test.

11.4 Conduct Test for Energy

11.4.1

The day-ahead market calculation engine shall perform the Conduct Test for
energy for resourcesin a narrow constrained area that were identified pursuant
to section 0 as follows, subject to sections 0 and 0. For each hour A€ {1, .., 24}
and b€ BCond)“, the day-ahead market calculation engine shall:

11.4.1.1 Evaluate offers for energy above the minimum loading point. For all
k€ Kp,p, if PDGy 4 > CTERMinOffer and
PDG}, . > min(PDGRefy,, -+ (abs(PDGRefy, ;) *CTEn Thresh1V¢4),
PDGRefy,;,+ CTEnThresh2V), where k'€ /(,"f » then the Conduct
Test was failed for the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BCTf:,VCA and add
EnergyOffer, to PARAME}, p;

11.4.1.2 Evaluate offers for energy for the range of production up to the
minimum loading point. For all hours prior to and including the hour
that qualified to be tested under the Constrained Area Conditions
Test, for all ke k5“7, if PLTMLB, ;> CTEnMinOffer and
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11.4.2

11.4.3

11.4.4

PLTMLB, ,; > min(PLTMLPRef, ;- + (abs(PLTMLPRef;,}, ;) *
CTEnThresh1V“4), PLTMLPRef;,, ;-+CTEnThresh2V4), where k'€ K,
then the Conduct Test was failed for the resource at bus b and the
day-ahead market calculation engine shall assign the resource to
subset BCTY“* and add EnergyToMLP, to PARAME,,; and

PARAMOR 5, br

11.4.1.3 Evaluate start-up offers: For all hours prior to and including the hour
where conditions are met for the Constrained Area Conditions Test in
section 0 , if SUDG,,;, > SUDGRef,;, + (abs(SUDGRef;, ;) *
CTSUThresh"4), then the Conduct Test was failed for the resource at
bus b and the day-ahead market calculation engine shall assign the
resource to subset BCT)““ and add SUOffer to PARAME},;, and
PARAMOR,, ,; and

11.4.1.4 Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNLy,>
SNLRefy,, +(abs(SNLRef;,,) *CTSNL Thresh"V? ), then the Conduct Test
was failed for the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset BCT)“? and add
SNLOffer to PAMME/L[, and PARAMOR/Lb

For resources identified pursuant to section 0 in a dynamic constrained area or
broad constrained area, the day-ahead market calculation engine shall use the
steps in section 0 , using resourcesin BCond?“" or BCond3““, as the case may
be, in place of BCond)“* and using the applicable Conduct Test thresholds
CTEnThresh1P“A, CTEnThresh2P?“4, CTEnThresh1%“Y, CTEnThresh25¢4,
CTSUThresh”“4, CTSUThresh®“4, CTSNL Thresh”“4, CTSNLThresh®“. If any of the
financial dispatch data parameters of a resource fail the Conduct Test, the
resource shall be assigned to subset BCTP“! or BCTP, as the case may be.

For resources identified pursuant to section 0 that were selected for global
market power mitigation testing for energy, the day-ahead market calculation
engine shall use the steps in section 0, using resources in BCondi™" in place of
BCond)“* and the applicable global market power Conduct Test thresholds
CTEnThresh1 M7, CTEnThresh2¢M?, CTSUThresh®™F, CTSNLThresh®™”. If any of
the applicable financial dispatch data parameters of a resource fails the Conduct
Test, the resource shall be assigned to subset BCTSMP.

If a resource is assigned to more than one of the sets, BCond)“?, BCondP®4,
BCond;“*, and BCond3"”, only the Conduct Test with the most restrictive
threshold levels shall be performed for that resource.
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11.5 Conduct Test for Operating Reserve

11.5.1 The day-ahead market calculation engine shall perform the Conduct Test for
local market power for operating reserve for resources that were identified
pursuant to section 0, as follows, subject to 0. For each hour A€ {1, .., 24} and
b€ BCond:’* U BCond:’" U BCond:"¥, the day-ahead market calculation engine
shall:

11.5.1.1 Evaluate offers for operating reserve as follows:

11.5.1.1.1 for all k€ K3 if PLOSDG} 4> CTORMinOffer and
PlOSDGh,b'k > min(PlOSDGRth,b'k‘ +
(abs(P10SDGRefpp i) *

CTORThresh1°RL), P10SDGRefy, i + CTORThresh29RL),

where k'€ K3, then the Conduct Test was failed for the

resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BC72RL and add
OR1050ffer; to PARAMORY, ;

11.5.1.1.2 for all k€ K3}’ if PLONDG}, 4 > CTORMinOfferand
P10NDGy, x> min(P1ONDGRefy 1, o +
(abs(P10NDGRefp p i) *
CTORThresh1°RL), PIONDGRefy,  ;» + CTORThresh29RL),
where k'€ k9", then the Conduct Test was failed for the
resource at bus b and the day-ahead market calculation
engine shall assign the resource to subset BCTP®" and add
OR10NOffery to PARAMOR, ; and

11.5.1.1.3 for all k € K298 if P3ORDGy, ;,,, > CTORMinOf fer and
P30RDGy, > min(P30RDGRef;, ;i +
(abs(P30RDGRefy p i) *
CTORThresh1°RL), P30RDGRefy, p ;o + CTORThresh29RL),
where k' € k3%, then the Conduct Test was failed for the
resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BCT,?RL and add
OR30ROffer to PARAMORy, p,;

11.5.1.1.4 for all j € J; if PLOSDLy,,; > CTORMinOffer and
P10SDLy,,; > min(P10SDLRefy,, i +
(abs(P10SDLRefy p ;) *
CTORThresh1°RL), P1OSDLRefy,, i + CTORThresh2°RY),
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11.5.1.2

11.5.1.3

11.5.1.4

where j' € J,%°, then the Conduct Test was failed for the

dispatchable load at bus b and the day-ahead market
calculation engine shall assign the resource to subset

BCT™ and add OR10SOfer; to PARAMORy,

11.5.1.1.5 for all je J4 if PLONDLy,,; > CTORMinOffer and
PlONDLh,b'j > mm(PlONDLRefh'b,] +
(abs(P1ONDLRefy p ;) *

CTORThresh1°RL), PIONDLRefy, , ; + CTORThresh29RE),

where j'€ J5%", then the Conduct Test was failed for the

dispatchable load at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BCTF* and add OR10NOffer, to PARAMOR,; and

11.5.1.1.6 for all je B if PRORDLy,,,; > CTORMinOffer and
P30RDLy;, ; > min(P30RDLRefy ), i +
(abs(P30RDLRefyp ;) *
CTORThresh1°Rt), P3ORDLRefy, j + CTORThresh29R"),
where j’ € J;3PR, then the Conduct Test was failed for the
dispatchable load at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BCT?R" and add OR30ROf fer; to PARAMOR,, ,;

Evaluate start-up offers. For all hours prior to and including the hour
that meets the Constrainted Area Conditions Test, if SUDG),,>
SUDGRef;,,+ (abs(SUDGRef;,,) *CTSUThresh®®! ), then the Conduct
Test was failed for the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset BCTPR: and add
SUOffer to PARAMOR,,, and PARAME},,;

Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNL;,, >

SNLRef,, + (abs(SNLRef;,,) *CTSNL Thresh®RL), then the Conduct Test
was failed for the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset BCTPR: and add
SNLOffer to PARAMOR),,, and PARAME,, ;,; and

Evaluate offers for energy for the range of production up to the
minimum loading point. For all hours prior to and including the hour
that meets the conditions test, for all ke k7 M*, if

PLTMLB, }, > CTEnMinOffer and PLTMLP,,, ; >
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min(PLTMLPRefy p i + (abs(PLTMLPRefy, p i) *

CTEnThresh1°RL), PLTMLPRefy ,» + CTEnThresh29RY), where k'€
K7, then the Conduct Test was failed for the resource at bus b and
the day-ahead market calculation engine shall assign the resource to
subset BCTP*" and add EnergyToMLF, to PARAMOR,,;, and
PARAME,.

11.5.2 The day-ahead market calculation engine shall perform the Conduct Test for
global market power for operating reserve for resources that were identified
pursuant to section 0. The day-ahead market calculation engine shall use the
steps set out in section 0 using resources in BCondi™™%, BCondi™™°V, and
BCondi™7%% in place of BCond}?S, BCond;’", and BCond5%, respectively, and
the applicable Conduct Test thresholds CTORThresh1°R¢, CTORThresh2°k¢,
CTSUThresh?R¢, CTSNLThresh®R¢, CTEnThresh19R¢, CTEnThresh29%¢. The
resources shall be assigned to the subset BCTYRC.

11.5.3 If a resource is assigned to more than one of BCond$™™°S, BCond$™™°V, and
BCondéMP30k only the Conduct Test with the most restrictive threshold levels
shall be performed for that resource.

11.6 Outputs

11.6.1 Subject to section 0, the outputs of the Conduct Test shall include the following
for each hour A€ {1, .., 24}:

11.6.1.1 The set of resources that failed the Conduct Test for at least one
financial dispatch data parameter by condition type;

11.6.1.2 The financial dispatch data parameters that failed the Conduct Test
for the resource at bus b; and

11.6.1.3 A revised set of financial dispatch data parameters for resources that
failed a Conduct Test with dispatch data parameters that failed the
Conduct Test replaced with reference level values. For offers for
energy and operating reserve with multiple laminations:

11.6.1.3.1 if the offer lamination for energy that corresponds to the
minimum loading point fails the Conduct Test, the day-
ahead market calculation engine shall replace all offer
laminations for energy up to the minimum loading point,

11.6.1.3.2 if one or more offer laminations for energy above the
minimum loading point fails the Conduct Test, the day-
ahead market calculation engine shall replace all offer
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laminations for energy up to and above the minimum
loadling point; and

11.6.1.3.3 if one or more offer laminations for operating reserve fails
the Conduct Test, the day-ahead market calculation engine
shall replace all offer laminations for operating reserve.

11.6.2 The day-ahead market calculation engine shall not replace the financial dispatch
data parameter for a resource with that resource’s applicable reference level
value if the financial dispatch data parameter is less than the corresponding
reference level value.

12 Reference Level Scheduling

121 Purpose

12.1.1 The day-ahead market calculation engine shall perform the Reference Level
Scheduling algorithm where at least one financial dispatch data parameter for a
resource failed the Conduct Test in section 0.

12.1.2 The Reference Level Scheduling algorithm shall perform a security~constrained
unit commitment and economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants, including reference
level value for resources subject to section 0, to meet the /ESO’s average
province-wide non-dispatchable demand forecast and JESO-specified operating
reserve requirements for each hour of the next dispatch day.

12.2 Information, Sets, Indices and Parameters

12.2.1 Information, sets, indices and parameters used by the Reference Level
Scheduling algorithm are described in section 3 and 4. In addition, the list of
resources that failed the Conduct Test from section 0 and a revised set of
financial dispatch data parameters from section 0, for those resources shall be
used by the Reference Level Scheduling algorithm.

12.2.2 The Reference Level Scheduling algorithm shall use the reference level value that

corresponds to any financial dispatch data parameter submitted for a resource
that failed the Conduct Test.

12.3 Variables and Objective Function
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12.3.1 The day-ahead market calculation engine shall solve for the variables listed in
section 0.

12.3.2 The objective function for the Reference Level Scheduling algorithm shall be the
same as the objective function in section 0, subject to section 0.

12.4 Constraints

12.4.1 The constraints in sections 8.4 through 8.7 apply in the Reference Level
Scheduling algorithm, except that the sensitivities and limits considered for JESO
internal transmission limits shall be those provided by the most recent security
assessment function iteration of the Reference Level Scheduling algorithm.

12.5 Outputs

12.5.1 Outputs of the Reference Level Scheduling algorithm include resource schedules
and commitments.

13 Reference Level Pricing

13.1  Purpose

13.1.1 The day-ahead market calculation engine shall perform the Reference Level
Pricing algorithm whenever the Reference Level Scheduling algorithm has been
performed.

13.1.2 The Reference Level Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data submitted
by registered market participants, reference level values for resources subject to
section 0, and resource schedules and commitments produced by the Reference
Level Scheduling algorithm, to meet the JESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.

13.2 Information, Sets, Indices and Parameters

13.2.1 Information, sets, indices and parameters used by the Reference Level Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedule and commitments from the Reference Level Scheduling algorithm shall
be used by the Reference Level Pricing algorithm:

Page 126 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



13.2.2

13.3

13.3.1

13.3.2

13.2.1.1  SDG%,, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus
be BFLRy B"E in hour he {1,.., 24} in association with lamination & €

Klb;,b;

13.2.1.2 ODG,‘%S designates whether the dispatchable generation resource at
bus b€ B¢ was scheduled at or above its minimum loading pointin
hour he {1,..,24};

13.2.1.3  510SDGFE, which designates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus »€ BFLRu B#E in hour A€ (1,..,24} in
association with lamination k€ K;3;;

13.2.1.4  SIONDG.%, which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ B8 u B#€ in hour A€ (1,..,24} in

association with lamination k€ &3%;

13.2.1.5 S30RDG{L, which designates the amount of thirty-minute operating

reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BFLRu B in hour h€ {1, .., 24} in association with
lamination k€ £3°F; and

13.2.1.6  0OHOR, which designates whether the dispatchable hydroelectric
generation resource at bus b€ B has been scheduled at or above
MinHO,, in hour he {1,..,24}.

The Reference Level Pricing algorithm shall use a resource’s reference level value
for any financial dispatch data parameters submitted by registered market
participants that failed the Conduct Test.

Variables and Objective Function

The day-ahead market calculation engine shall solve for the variables set out in
section 0.

The objective function used in the Reference Level Pricing algorithm shall be the
same as the objective function set out in section 0, subject to section 0.
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13.4 Constraints

13.4.1

13.5

13.5.1

The constraints that apply in the Reference Level Pricing algorithm shall be the
same as the constraints in sections 9.4 through 9.8, with the following
exceptions:

13.4.1.1

13.4.1.2

13.4.1.3

Outputs

13.5.1.1

the marginal loss factors used in the energy balance constraint in
section 0 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the Reference Level Scheduling
alogorithm;

the sensitivities and limits in section 0 shall be replaced with the most
recent security assessment function iteration of the Reference Level

Pricing algorithm; and

for the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Reference Level Scheduling algorithm as follows:

13.4.1.3.1 SDG,‘;/?fk shall be replaced by SDGﬁjfk for all
he{l,.., 24} be BRu B ke K5

13.4.1.3.2 OD /,/%5 shall be replaced by ODGﬁf for all
he{l,..,24, be B

13.4.1.3.3 ﬂOSDGA/;,%Sk shall be replaced by .S‘lOSDGﬁjfk for all
hedl,.., 24y, be 8% v B*, ke K5,

13.4.1.3.4 SIONDGAZ shall be replaced by SLONDG) 4 for all
he{l,..,24} be B8R u B, ke K

13.4.1.3.5 .SBORDG“,;,%/S/( shall be replaced by .SBORDGﬁfl;fk for all
he{l,.., 24} be BFRu B* ke /,?f; and

13.4.1.3.6 OHOLS shall be replaced by OHOR; for all
he{l,..,24} b e BHE,

Outputs of the Reference Level Pricing algorithm include the following:

shadow prices; and
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13.5.1.2 /Jocational marginal prices and their components.

14 Price Impact Test

141 Purpose

14.1.1 The day-ahead market calculation engine shall perform the Price Impact Test
whenever at least one financial dispatch data parameter for a resource failed the
Conduct Test.

14.1.2 The Price Impact Test shall:

14.1.2.1 compare the /locational marginal prices for energy or operating
reserve produced by the As-Offered Pricing algorithm with those
produced by the Reference Level Pricing algorithm; and

14.1.2.2 consider the corresponding offer parameters to have failed the Price
Impact Test if the difference in price in section 0 is greater than the
applicable impact threshold in section 0.

14.2 Information, Sets, Indices and Parameters

14.2.1 Information, sets, indices and parameters for the Price Impact Test are described
in sections 3 and 4. In addition, the following /ocational marginal prices from the
As-Offered Pricing algorithm and the Reference Level Pricing algorithm shall be
used by the Price Impact Test:

14.2.1.1  LMP{9", which designates the /locational marginal price for energy at
bus b€ Bin hour A€ {1,.., 24} from the As-Offered Pricing algorithm;

14.2.1.2 L30R ,L,?P , Which designates the /locational marginal price for thirty-
minute operating reserve at bus be Bin hour A€ {1,.., 24} from the
As-Offered Pricing algorithm;

14.2.1.3  L10NF}", which designates the /ocational marginal price for non-

synchronized ten-minute operating reserve at bus b€ Bin hour
he{l,..,24} from the As-Offered Pricing algorithm;

14.2.1.4  L10SA]7", which designates the /ocational marginal price for

synchronized ten-minute operating reserve at bus b€ Bin hour
he{l,..,24} from the As-Offered Pricing algorithm;
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14.2.1.5

14.2.1.6

14.2.1.7

14.2.1.8

LM, Mf” , Which designates the /ocational marginal price for energy at
bus b€ Bin hour A€ {1,.., 24} from the Reference Level Pricing
algorithm;

L30R ,L,fp , Which designates the /locational marginal price for thirty-
minute operating reserve at bus be Bin hour A€ {1,.., 24} from the
Reference Level Pricing algorithm;

L10N, pr , which designates the /ocational marginal price for non-
synchronized ten-minute operating reserve at bus b€ Bin hour
he{1,..,24} from the Reference Level Pricing algorithm; and

L10SP%7, which designates the /ocational marginal price for
synchronized ten-minute operating reserve at bus b € Bin hour
he{1,..,24} from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1

The day-ahead market calculation engine shall apply the Price Impact Test as set
out in sections 14.4 and 14.5 for the resources identified in accordance with
section 0, to identify:

14.3.1.1

A set of resources that failed the Price Impact Test for each condition
for all hours A€ {1,.., 24}, where:

14.3.1.1.1 BIT," designates the resourcesin a narrow constrained
area that failed the Price Impact Test for the /ocational
marginal price for energy;

14.3.1.1.2 BIT?“? designates the resourcesin a dynamic constrained
area that failed the Price Impact Test for the /ocational
marginal price for energy;

14.3.1.1.3 BITF“ designates the resourcesin a broad constrained
area that failed the Price Impact Test for the /ocational
marginal price for energy;

14.3.1.1.4 BITFMF designates the resources that failed the global
market power (energy) Price Impact Test for the /ocational
marginal price for energy;

14.3.1.1.5 BITP®! designates the resources that failed the local
market power (operating reserve) Price Impact Test for at
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14.4

14.4.1

least one type of /ocational marginal price for operating
reserve,

14.3.1.1.6 BITPRC designates the resources that failed the global
market power (operating reserve) Price Impact Test for at
least one type of /ocational marginal price for operating
reserve, and

14.3.1.1.7 LMPIT,; designates the /ocational marginal price that
failed the Price Impact Test for bus b€ BITY“ u BITY“ u
BITFAy BITFMP u BITPRE U BITPRC in hour h; and

14.3.1.2  Locational marginal prices for energy and operating reserve for each
resource at bus b€ B¢ u B that failed the Price Impact Test,
where:

14.3.1.2.1 EnergyLMP designates that the /ocational marginal price
for energy failed the Price Impact Test;

14.3.1.2.2 OR10SLMP designates that the /ocational marginal price
for synchronized ten-minute operating reserve failed the
Price Impact Test;

14.3.1.2.3 OR10NLMP designates that the /ocational marginal price
for non-synchronized ten-minute operating reserve failed
the Price Impact Test; and

14.3.1.2.4 OR30RLMP designates that the /locational marginal price
for thirty-minute operating reserve failed the Price Impact
Test.

Price Impact Test for Energy

The day-ahead market calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for energy in
section 0, as follows:

14.4.1.1 For local market power for energy.

14.4.1.1.1 For each hour A€ {1, .., 24} and be BCT,“, if
LMB” > min(LMBEF +(abs(LMPREY ) *ITThresh1V4),
LMPL? + ITThresh2V4), the Price Impact Test was failed
by the resource at bus b and the day-ahead market
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14.5

14.5.1

14.4.1.2

14.4.1.1.2

14.4.1.1.3

14.4.1.2.1

calculation engine shall assign the resource to subset
BIT) and add EnergyLMPt0 LMPIT;;

For each hour € {1, .., 24} and b€ BCTP“, if
LMB” > min(LMBEF +(abs(LMPREY ) *ITThresh1°%4),
LMPLP +ITThresh2P“4), the Price Impact Test was failed

by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BIT?“Y and add EnergyLMPto LMPIT;,,; and

For each hour A€ {1, .., 24} and b€ BCTS*, if
LMPY" > min(LMBS +(abs(LMBFEY ) ITThresh15¢4),
LMPLP +ITThresh25¢1), the Price Impact Test was failed

by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BIT?“ and add EnergyLMPto LMPIT;, .

For global market power for energy:

For each hour A€ {1, .., 24} and be BCTFM, if
LMBY” > min(LMB" +(abs(LMPyy;" ) *ITThresh17M7),
LMBRP +1TThresh2%MF), the Price Impact Test was failed

by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BITFMP and add EnergyLMPto LMPIT}, ,.

Price Impact Test for Operating Reserve

The day-ahead market calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for operating
reserve in section 0, as follows:

14.5.1.1

For local market power for gperating reserve, for each hour
he{l,..,24} and b€ BCTYRE:

14.5.1.1.1 If L30RAY" > L30RPRLY, then the Price Impact Test was

failed by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BITPR: and add OR30RLMPto LMPIT;,;

14.5.1.1.2 If LIONB'Y” > L10NFRE?, then the Price Impact Test was

failed by the resource at bus b and the day-ahead market
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calculation engine shall assign the resource to subset
BITPRL and add OR1ONLMPto LMPIT;,,; and

14.5.1.1.3 If L10SAY" > L10SFRE?, then the Price Impact Test was

failed by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BITR: and add OR10SLMPto LMPIT; ).

14.5.1.2  For global market power for operating reserve, for each hour
he€{l,..,24} and be BCTPRC

145.1.21 If
L30RPS’ > min(L30RPIE’ +(abs(L30ORPREY ) *ITThresh19RC),
L30RB" +ITThresh2°R¢), then the Price Impact Test was
failed by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BITPRE and add OR30RLMPto LMPIT;, ,;

14.5.1.2.2 If
LIONFY" > min(L10NPLP +(abs(L1ONBRY ) *ITThresh1976),
LIONPRP +ITThresh2°¢), then the Price Impact Test was

failed by the resource at bus b and the day-ahead market
calculation engine shall assign the resource to subset
BITPRE and add OR10NLMP to LMPIT;,,; and

14.5.1.2.3 If
L10SP5" > min(L10SPR” +(abs(L10SPRY ) *ITThresh19RC),
L10SP" +ITThresh2°R¢), then the Price Impact Test was
failed by the resource at bus b and the day-ahead market
calculation engine shall assign the resource BIT??¢ and
add OR10SLMP to LMPIT}, .

14.6 Revised Financial Dispatch Data Parameter
Determination

14.6.1.1 A resource that fails the Price Impact Test shall have its financial dispatch data
parameters revised as follows:

14.6.1.1 If the resource has failed a Price Impact Test for energy and is in
BITYA, BITPA, BITPCA, or BIT?MP, the dispatch data parameters in
PARAME;, ;, shall be used to determine the dispatch data parameters
that shall be replaced.
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14.6.1.2 If the resource has failed a Price Impact Test for operating reserve
and is in BIT?®. or BIT?RC, the dispatch data parameters in
PARAMOR),, ;, shall be used to determine the dlispatch data parameters
that shall be replaced.

14.6.1.3 If a non-quick-start resource has failed a Price Impact Test in any
hour, the commitment cost parameters that failed the corresponding
Conduct Test shall be replaced with the resource’s applicable
reference level value for that hour. For any hours prior, any
commitment cost parameters for that resource that failed the Conduct
Test shall be replaced with the resource’s applicable reference level
values in those hours. This is expressed as:

14.6.1.3.1 For each hour A€ {1, . ., 24} and all b€ BV such that
b€ BIT)“4 v BITP“Y u BIT?A u BITF™F, for hours prior to
and including the hour that failed the Price Impact Test,
He{1,..,h}, if be BCTY“ u BCTI v BCTEA u BCTSMP
and PARAMEy;,, contains any of the commitment cost
parameters SUOffer, SNLOffer, or EnergyToMLE,, these
parameters shall be replaced with reference levels.

14.6.1.4 Section 0 shall apply to the tests for local market power and global
market power for operating reserve, except PARAMOR,,, shall be
checked in place of PARAMEy;,,.

14.6.1.5 If a resourceis in a narrow constrained area or a dynamic constrained
area and has failed a Price Impact Test, each resource in the same
narrow constrained area or dynamic constrained area that also failed
the corresponding Conduct Test shall have its offer data replaced with
its applicable reference level value for that hour. For each hour
he{l,..,24}:

14.6.1.5.1 if BIT)*! includes one or more resourcein a narrow
constrained area, n, each resourceb € BCTY4 for the
narrow constrained area, n, shall have the parameters in
PARAME;, , replaced with its reference level values, and

14.6.1.5.2 if BITP“? includes one or more resources in a dynamic
constrained area, d, each resource b€ BCTP 4 for dynamic
constrained area, d, shall have the parameters in
PARAME, , replaced with its reference level values.

14.6.1.6  If a non-quick-start resource in a narrow constrained area or a
dynamic constrained area has failed a Price Impact Test, each non-
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14.6.1.7

14.6.1.8

quick start resource in the narrow constrained area or dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that hour. For any hours prior, if a non-
quick-start resource in that narrow constrained area or dynamic
constrained area has a commitment cost parameter that failed the
Conduct Test, that commitment cost parameter shall be replaced with
the resource’s applicable reference level value in those hours. This is
expressed as:

14.6.1.6.1 For all hours up to the hour in which a resource failed the
Price Impact Test for a narrow constrained area, for all
be BCTNC4, if PARAME,,;, contains any of the commitment
cost parameters SUOffer, SNLOfter, or EnergyToMLF,,
replace these parameters with reference level values.

14.6.1.6.2 For all hours up to the hour in which a resource failed the
Price Impact Test for a dynamic constrained area, for all
be BCTY“4, if PARAME,,, contains any of the commitment
cost parameters SUOffer, SNLOfter, or EnergyToMLPF,,
replace these parameters with reference level values.

If a resource fails the local market power for operating reserve Price
Impact Test, all resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test for at least one parameter shall have the
parameter that failed the Conduct Test replaced with the resource’s
applicable reference level value for that hour. This is expressed as:

14.6.1.7.1 For each hour A€ {1,.., 24}, if BIT?RL includes one or
more resources in operating reserve region, r, all
resources, b€ BITPR! for operating reserve region, r, shall
have the parameters in PARAMOR,,, replaced with
reference level values.

If @ non-quick start resource fails the local market power for

operating reserve Price Impact Test in any hour, the commitment cost
parameters for all non-quick start resources in the same operating
reserve region with a non-zero operating reserve minimum
requirement that failed the corresponding Conduct Test shall be
replaced with the resource’s applicable reference level value for that
hour. For any hours prior, any commitment cost parameters of non-
quick start resources that failed the Conduct Test shall be replaced
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with the resource’s applicable reference level value in those hours.
This is expressed as:

14.6.1.8.1 For all hours up to the hour in which a resource failed the
Price Impact Test for r, for all be BCTPR:, if PARAME),;
contains any of the commitment cost parameters SUO(fer,
SNLOffer, or EnergyToMLR, replace these parameters with
reference level values.

14.7 Outputs

14.7.1 The day-ahead market calculation engine shall prepare the following outputs for
each hour ~€{1,.., 24}:

14.7.1.1 The set of resources that failed the Price Impact Test, by condition, in
accordance to sections 14.4 and 14.5;

14.7.1.2 The locational marginal prices for energy and operating reserve that
failed the Price Impact Test for each resource at bus b in accordince
to sections 14.4 and 14.5; and

14.7.1.3 A rrevised set of offer data for resources that failed the Price Impact
Test, replacing offer data that failed the Conduct Test with the
applicable reference level values, in accordance with section 14.6.

14.7.2 The day-ahead market calculation engine shall not replace financial dispatch data
parameters for a resource with that resource’s applicable reference level value if
the dispatch data is less than the reference level value.

15 Mitigated Scheduling

15.1 Purpose

15.1.1 The day-ahead market calculation engine shall perform the Mitigated Scheduling
algorithm if at least one resource failed the Price Impact Test in section 0.

15.1.2 The Mitigated Scheduling algorithm shall perform a security-constrained unit
commitment and economic dispatch to maximize gains from trade using dispatch
data submitted by registered market participants, including resource reference
level values subject to section 0, to meet the JESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.
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15.2 Information, Sets, Indices and Parameters

15.2.1 Information, sets, indices and parameters used by the Mitigated Scheduling
algorithm are described in section 3 and 4. In addition, the Mitigated Scheduling
algorithm shall use the list of resources that failed the Price Impact Test and a
revised set of financial dispatch data parameters for those resources.

15.2.2 For resources identified in section 0, the Mitigated Scheduling algorithm shall use
reference level value for any financial dispatch data parameters that failed the
Conduct Test.

15.3 Variables, Objective Function and Constraints

15.3.1 The day-ahead market calculation engine shall solve for the variables set out in
section 0.

15.3.2 The objective function for the Mitigated Scheduling algorithm shall be the same
as the objective function in section 0, subject to the constraints in sections 8.4
through 8.7. The sensitivities and limits used in section 0 shall be replaced with
those provided by the most recent security assessment function iteration in the
Mitigated Scheduling algorithm.

15.4 Outputs

15.4.1 Outputs of the Mitigated Scheduling algorithm include resource schedules and
commitments.

16 Mitigated Pricing

16.1 Purpose

16.1.1 The day-ahead market calculation engine shall perform the Mitigated Pricing
algorithm if the day-ahead market calculation engine performs the Mitigated
Scheduling algorithm.

16.1.2 The Mitigated Pricing algorithm shall perform a security~constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, resource reference level value subject to section
0, and resource schedules and commitments produced by the Mitigated
Scheduling algorithm, to meet the JESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.
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16.2 Information, Sets, Indices and Parameters

16.2.1 Information, sets, indices and parameters used by the Mitigated Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedules and commitments from the Mitigated Scheduling algorithm shall be
used by the Mitigated Pricing algorithm:

16.2.1.1  SDG}; , designates the amount of energy that a dispatchable

generation resource is scheduled to provide above MinQDG, at bus
be BRy B"E in hour A€ {1,.., 24} in association with lamination & €

K}

16.2.1.2 ODGf,fg designates whether a dispatchable generation resource at bus

b€ BP¢ was scheduled at or above its minimum loading pointin hour
he{l,..,24};

16.2.1.3  S510SDG} , designates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ B8 u B#€ in hour A€ (1,..,24} in

association with lamination k€ K;3;;

16.2.1.4 SI0NDG,; . designates the amount of non-synchronized ten-minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus » € B8 u BE in hour he {1,..,24} in

association with lamination k€ &3%;

16.2.1.5 SBORDG,% . designates the amount of thirty-minute operating reserve
that a dispatchable generation resource is scheduled to provide at bus
be BFLRY BE in hour he {1,.., 24} in association with lamination k€
OR.
Wb and

16.2.1.6 OHOZLE designates whether a dispatchable hydroelectric generation
resource at bus b€ B"F has been scheduled at or above MinHO,, in
hour he{1,.., 24}.

16.2.2 For each resource identified in section 0, the Mitigated Pricing algorithm shall use

such resource’s reference level value for any financial dispatch data parameters
that failed the Conduct Test.

16.3 Variables and Objective Function

16.3.1 The day-ahead market calculation engine shall solve for the variables listed in
section 0.

Page 138 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



16.3.2

16.4

16.4.1

16.5

16.5.1

The objective function for the Mitigated Pricing algorithm shall be the same as
the objective function in section 0, subject to section 16.4.

Constraints

The constraints that apply in the Mitigated Pricing algorithm shall be the same as
the constraints in sections 9.4 through 9.8, with the following exceptions:

16.4.1.1 The marginal loss factors used in the energy balance constraint in
section 0 shall be fixed to the marginal loss factors used in the last
iteration of the optimization function in the Mitigated Scheduling
algorithm.

16.4.1.2 The sensitivities and limits used in section 0 shall be replaced with
those provided by the most recent security assessment function
iteration in the Mitigated Pricing algorithm.

16.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered

Scheduling algorithm shall be replaced with the outputs from the
Mitigated Scheduling algorithm as follows:

16.4.1.3.1 SDG%,S,( shall be replaced by SDG%‘Z/( for all
he{l,..,24}, be B u B”, ke K

16.4.1.3.2 OD hgs shall be replaced by ODG%‘Z for all
he{l,.., 24}, be B

16.4.1.3.3 510506’;';,?,,5/( shall be replaced by 510506%‘2,,( for all
he{l,..,24}, be B%u B, ke K%,

16.4.1.3.4 SL0NDG,% shall be replaced by S10NDG}3 4 for all
he{1,..,24}, be B v B", ke K%,

16.4.1.3.5 530RDG’;';,%5,( shall be replaced by SBORDG%,( for all
he{1,..,24}, be B v B", ke £Y; and

16.4.1.3.6 OHOf;ZS shall be replaced by OHO% for all
he{l,.., 24}, be B"

Outputs

Outputs of the Mitigated Pricing algorithm include the following:
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16.5.1.1 Shadow prices; and

16.5.1.2 Locational marginal prices and their components.

17 Pass 2: Reliability Scheduling and
Commitment

171  Purpose

17.1.1 Pass 2 shall use market participant and IESO inputs along with resource and
system constraints to determine a set of resource schedules and commitments.
Pass 2 shall consist of the Reliability Scheduling algorithm described in section
18.

18 Reliabilty Scheduling

18.1 Purpose

18.1.1 The Reliability Scheduling algorithm shall use dispatch data submitted by
registered market participants and perform a security-constrained unit
commitment and economic dispatch to meet the JESO’s peak province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next day to minimize the cost of additional
commitments.

18.2 Information, Sets, Indices and Parameters

18.2.1 Information sets, indices and parameters used by the Reliability Scheduling
algorithm are described in sections 3 and 4. The Reliability Scheduling algorithm
shall also use the following:

18.2.1.1  resource schedules, commitments, and /ocational marginal prices
from Pass 1, where:

18.2.1.1.1 SXL}Ld’ ; designates the amount of energy that a bounaary

entity resource is scheduled to export at /ntertie zone bus
de DXin hour A€ {1,.., 24} in association with lamination

—y
JE€ Jnar
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18.2.1.1.2 SDG},;,, designates the amount of energy that a
dispatchable generation resource is scheduled to provide
above MinQDG,at bus be BFLRy B"Ein hour he {1,.., 24}
in association with lamination & € &7 ,;

18.2.1.1.3 ODG}Lb designates whether a dispatchable generation
resource at bus b€ B”¢ was scheduled at or above its
minimum loading pointin hour he {1,..,24};

18.2.1.1.4 5105DG}, ,, designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b€ B8y B in
hour 4 € {1,.., 24} in association with lamination k€ &3}

18.2.1.1.5 S10NDG}, ;. designates the amount of non-synchronized
ten-minute operating reserve that a dispatchable
generation resource is scheduled to provide at bus b€
BFLRy BHE in hour A€ {1,.., 24} in association with
lamination k€ K3).";

18.2.1.1.6 S30RDG},,,, designates the amount of thirty-minute
operating reserve that a qualified dispatchable generation
resource is scheduled to provide at bus b€ B8y B in
hour 4 € {1,.., 24} in association with lamination k€ &3%5%;

18.2.1.1.7 SIG}Ld’ 1, designates the amount of energy that a boundary
entity resource is scheduled to import at /ntertie zone bus
de€ DIin hour A€ {1,.., 24} in association with lamination
ke Kj, ;; and

18.2.1.1.8 LMP,,{b designates the /ocational marginal price in hour
he{l,..,24} at bus be BRy BHE; and

18.2.1.2 the buses identifying either single energy limited resources or multiple
dispatchable hydroelectric generation resources with a registered
forebay, and the subset of resources with a binding maximum daily
energy limit constraint from Pass 1:

18.2.1.2.1 BYM=BELR y (BIE for all s € SHE} designates the set of
buses identifying either energy limited resources or
dispatchable hydroelectric generation resources sharing a
maximum daily energy limit, and
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18.2.2

18.2.3

18.2.1.2.2 B?NP c BLM designates the subset of buses identifying
either energy limited resources, or dispatchable
hydroelectric generation resources sharing a maximum
daily energy limit, with a binding maximum daily energy
/imit constraint from Pass 1, where:

a maximum aaily energy limit shall be considered binding if
the criteria in sections 0 and 0 are met using
ODG}, ,, SDG}, 1,4, SLOSDG}, 1,1, SLONDG}, . and S30RDG}, .

The Reliability Scheduling algorithm shall use reference level value for any
financial dispatch data parameters that failed the Conduct Test associated with
resources identified in section 14.7.

Dispatchable loads, non-dispatchable generation resources, and the energy
offered above minimum loading point for dispatchable generation resources shall
be evaluated in the Reliability Scheduling algorithm as follows:

18.2.3.1  PRucDLy,; designates the energy price for incremental energy
consumption in hour A€ {1,.., 24} at dispatchable loadbus b€ B! in
association with b/id lamination ;€ /,{ » Where:

PRLICDL}Lb’/ = min(n,PDLh,b,/-);

18.2.3.2 PRuc10SDLy ; designates the price of being scheduled to provide
synchronized ten-minute operating reservein hour he {1,.., 24} at

dispatchable load bus b € BPL in association with offer lamination ;€

1% where:

PRuc108DLy,;,; = min(n,PLOSDLy;, );

18.2.3.3  PRucl0NDL,,; designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour he {1,.., 24}

at dispatchable load bus b€ BP" in association with offer lamination

J€ 115, where:

PRLIClONDLh,b// = min(n,PlONDL,,,b,/-);

18.2.3.4  PRuc30RDL,,; designates the price of being scheduled to provide
thirty-minute operating reservein hour he {1,.., 24} at dispatchable
load bus b€ B" in association with offer lamination € /5%, where:

PRuC30RDLh,b']‘ = min(n, P3ORDLh,b,]);
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18.2.3.5 PRucNDG,, designates the energy price for incremental generation
in hour h€{1,..,24} at norn-dispatchable generation resource bus b €
BNPG in association with offer lamination k€ &7 ,, where:

PRucNDG},, ;= min(n, PNDGy,;);

18.2.3.6  PRucDG,; designates the energy price for incremental generation in
hour h€ {1, .., 24} at dispatchable generation resource bus b€ B¢ in
association with offer lamination & € K7, ,, where:

PRucDGy ;= min(n, PDGy 1),

18.2.3.7  PRucl0SDG},  designates the price of being scheduled to provide
synchronized ten-minute operating reservein hour A€ {1,.., 24} at
dispatchable generation resource bus b€ B¢ in association with offer
lamination k€ K35, where:

PRucl0SDGy ., = min(n, PLOSDGY j, );

18.2.3.8  PRuclONDG,; , designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour A€ {1,.., 24}

at dispatchable generation resource bus b€ B¢ in association with

offer lamination k€ k3", where:

PRuclONDG), ;= min(n, PLONDG,;,);

18.2.3.9 PRuc30RDG,,,; designates the price of being scheduled to provide
thirty-minute operating reservein hour he {1,.., 24} at dispatchable
generation bus 5 € B¢ in association with offer lamination k€ £3),
where:

PRuc30RDG), ;, . =min(n, PZORDG),;,.);
where:
n = $0.10/MWh;

18.2.4 For the set of resources identified in the buses in section 0, incremental
quantities of energy at or above minimum loading point shall be evaluated in the
Reliability Scheduling algorithm as follows:

18.2.4.1 Q1DG,,, designates an incremental quantity of energy that a
resource may be scheduled to provide in hour A€ {1,.., 24} in
association with offer lamination & € Kf , and corresponding to the
Pass 1 scheduled portion of the lamination, where:
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18.2.4.2

18.2.4.3

18.2.4.4

QLDG 1= SDGy 1

P1DGy,,, . designates the price for the incremental quantity of energy
that a resource may be scheduled to provide in hour h € {1,..,24} in
association with offer lamination & € k7, and corresponding to the
Pass 1 scheduled portion of the lamination, where:

PLDGy, = min (PDGypy, — LMP,);

Q2DGy,p designates an incremental quantity of energy that a
resource may be scheduled to provide in hour A€ {1,.., 24} in
association with offer lamination & € Kf , and corresponding to the
Pass 1 unscheduled portion of the lamination, where:

@DGypr= QDGypy — SDGy s and

P2DGy, p  designates the price for the incremental quantity of energy
that a resource may be scheduled to provide in hour A€ {1, .., 24} in
association with offer lamination k € Kf , and corresponding to the
Pass 1 unscheduled portion of the lamination, where:

max(n, PDGyy . — LMP; ) if b € BBNP

P2DG = .
bk {min(n, PDGyy i) otherwise

18.3 Variable and Objective Function

18.3.1

18.3.2

The day-ahead market calculation engine shall solve for the variables listed in

section 0.

The objective function for the Reliability Scheduling algorithm shall be the same
as the objective function in section 0, with the following exceptions:

18.3.2.1

18.3.2.2

The day-ahead market calculation engine shall remove the variables
for price responsive loads (SPRLy,,)), virtual transaction bids (PVBy, ),
QVBy,.,)), and virtual transaction offers (PVOy, 1, QVO0}, ) from the
objective function;

The day-ahead market calculation engine shall add the following
variables to the objective function:

18.3.2.2.1 S1DGy,, designates the amount of energy that a
dispatchable generation resource is scheduled to provide
at bus b€ B in hour A€ {1,.., 24} in association with
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lamination k€ Kg , corresponding to the Pass 1 scheduled
portion of the lamination; and

18.3.2.2.2 $2DGy, ) designates the amount of energy that a
dispatchable generation resource is scheduled to provide
at bus be B“Min hour A€ {1,.., 24} in association with
lamination k€ Kgb corresponding to the Pass 1
unscheduled portion of the lamination;

18.3.2.3 The objective function coefficients for dispatchable loads, non-
dispatchable generation resources and dispatchable generation
resources shall be modified to reflect the price of incremental energy
from such resources as specified in section 0; and

18.3.2.4 The objective function coefficients for single energy limited resources
and multiple dispatchable hydroelectric generation resources with a
registered forebay shall be modified to reflect the pricing of the Pass
1 scheduled and unscheduled portions as specified in section 0.

18.3.3 The objective function for the Reliability Scheduling algorithm shall minimize the
cost of additional commitments by maximizing the following expression:

z (ObjDL,, — ObjHDR,, + ObjXL,, — OijDGh)

— ObjDGy — ObjIG, — TBy, — ViolCost,
h=1,.,24

where:
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0bjDL),
Z SDLh,b,j ' PRuCDLh'bJ - Z S].OSDLh’bJ' ' PRuClOSDLh’bJ -

_ i€k jeny
bepDL Z SlONDLth,]' " PRHClONDLh,b’j - Z S30RDLh,b,j - PRHCBORDL;l’bU,'
Jeng JELY

ObjHDR,, = SHDR,, ; - PHDR,, ;
,0,] D,

bERADR \ j IF

Z SXLh,d,j - PXLh,d,j - Z SlONXLh'd'}' * PlONXLh‘d,j

onix, = 3 | e
h =
deDX - Z S3ORXLh,d,j - P3ORXLh,d,j

: R
JEIRY

ObNDGh = SNDGhbk'PRuCNDGhbk
'] b, b,

NDG E
beB keky

0bjDG,

= Z Z SDGh,b,k . PRuCDGth,k

beBPC, peplIM \pekE,

+ Z Z (SlDGh’b,k ' PlDGh’b,k + SZDGh,b’k " PZDGh,b,k)

TIM E
bes k€K

SiOSDG}l'b‘k ' PRuClOSDGh,b'k +
4 keRESS
beBDG Z SlONDGh,b’k " PRuClUNDGh,b,k + Z S30RDGh,b,k . PRUCBORDGh,b’k

10N
kEK)},

kekFIR
+ Z (0DG,), - MGODG,,), + IDGy;, - SUDG), )

bepNQs

Z SIGhar - PlGrax + Z S1ONIGpy - PLONIGy 4 4

0bjIG, = ). KCKa kekhd
debI + Z SBORJGh,d'k * PBOR[Gh,d'k
kekjOR
18.3.3.1 The tie-breaking (7B;) and the violation cost ( Vio/Cost;,) terms used
shall be the ones defined in sections 0 and 0.
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18.4

18.4.1

18.5

18.5.1

18.5.2

18.5.3

Constraints

The Reliability Scheduling algorithm optimization shall apply the constraints
described in sections 18.5 through 18.7 and 18.8.

Dispatch Data Constraints Applying to Individual Hours
Scheduling Variable Bounds and Commitment Status Variables

18.5.1.1 The constraints shall be the same as in section 0 with the following
exceptions:

18.5.1.1.1 the constraints applying to price responsive loads in
section 0 shall be removed; and

18.5.1.1.2 the constraints applying to virtual transaction bids and
offers in section 0 shall be removed.

Resource Minimums and Maximums

18.5.2.1 The constraints in section 0 shall apply for dispatchable loads, non-
dispatchable generation resources and inadvertent payback
transactions.

18.5.2.2 The constraints in section 0 shall apply for dispatchable generation
resources, except the alternative forecast (47G,, ) is replaced with
the JESO's centralized forecast (FG), ;). That is:

AdjMaxDG,, = {T,,«ffféxf o) i;iefw‘i:
and

AdjMinDGy;, = min(MinDGy,, AdjMaxDGy, ;)
T];gn, for all hours € {1, .., 24} and all buses b €
BY:

AdjMinDGy, ;, = MinQDGy, - ODGy,;, + Z SDGy p i
keKE ),

< AdjMaxDG,,

Operating Reserve Requirements
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18.5.4

18.5.5

18.5.6

18.6

18.6.1

18.6.2

18.6.3

18.6.4

18.6.5

18.7

18.7.1

18.5.3.1 The constraints in section 0 shall apply for operating reserve
requirements.

Pseudo-Units
18.5.4.1 The constraints in section 0 shall apply for pseudo-units.
Dispatchable Hydroelectric Generation Resources

18.5.5.1 The constraints in section 0 shall apply for dispatchable hydroelectric
generation resources.

Linked Wheeling Through Transactions

18.5.6.1 The constraints in section 0 shall apply for /inked wheeling through
transactions.

Dispatch Data Inter-Hour/Multi-Hour Constraints

Energy Ramping

18.6.1.1 The constraints in section 0 shall apply for energy ramping.

Operating Reserve Ramping

18.6.2.1 The constraints in section 0 shall apply for operating reserve ramping.
Non-Quick-start Resources

18.6.3.1 The constraints in section 0 shall apply for non-quick start resources.
Energy Limited Resources

18.6.4.1 The constraints in section 0 shall apply for energy limited resources.
Dispatchable Hydroelectric Generation Resources

18.6.5.1 The constraints in section 0 shall apply for dispatchable hydroelectric
generation resources.

Constraints for Reliability Requirements
Energy Balance

18.7.1.1 The constraint in section 0 shall apply in the Reliability Scheduling
algorithm, with the following exceptions:
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18.7.1.1.1 price responsive loads shall be removed from the total
amount of scheduled energy withdrawals, Withy,;, in
section 0;

18.7.1.1.2 the net withdrawal for virtual transaction zones, VWith,,
in sections 0 and 0 shall be removed; and

18.7.1.1.3 the Reliability Scheduling algorithm shall use the JESO’s
peak province-wide non-dispatchable demand forecast
(PFLy), in place of the JESO’s average province-wide non-
dispatchable demand forecast (AFLy).

18.7.1.2 The total amount of energy withdrawals scheduled at load bus b€ B
in hour A€ ({1,..,24}, Withy,, shall be:

With,, ,
Z DLy, ; if b e BPL
_ J€IED
Z (QHDRy; — SHDRyp ;) if b € BHDR
JEIR b

18.7.1.3 The total amount of energy withdrawals scheduled at intertie zone
bus de DXin hour A€ {1,.., 24}, With,, 4 shall be:

Withh’d - Z SXLh,d,j"
j€lka

18.7.1.4 The total amount of energy injections scheduled at internal bus b€ B
in hour A€ ({1,.., 24}, Injy,, shall be:
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Injy, = Of ferInj, , + RampInj,

where:
Of ferInjy
Z SNDG, p 1 if b € BNDG
keKE )
ODGh'b'MinQDGb + Z SDGhbk Lfb GBDG
kEKEb
and
Rampfnjh}b

RampEy,, " IDGy 4 if b€ BNOS
w=1l.min(RampHrsp,24—h)
0 otherwise

18.7.1.5 The total amount of energy injections scheduled at intertie zone bus
de DI'in hour h€ {1,.., 24}, Inj, 4 shall be:

Injyq = Z SIGy g -

E

18.7.1.6  Energy injections and withdrawals at each bus shall be multiplied by
one plus the marginal loss factor from the security assessment
function to reflect the losses or reduction in losses that result when
injections or withdrawals occur at locations other than the reference
bus. These loss-adjusted energy injections and withdrawals must then
be equal to each other, after taking into account the adjustment for
any discrepancy between total and marginal losses. Load or
generation reduction associated with the demand constraint violation
shall be subtracted from the total load or generation to allow the day-
ahead market calculation engine to produce a solution. For hour
he{l,..,24}):
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18.7.2

18.7.3

18.7.4

18.7.5

PFLh + Z (1 + MglLOSSth) . Withh'b

beBPLypHDR

+ Z (1+ MglLossy, 4) - Withy, 4
deDX

_ Z SLdVioly,
i=1.Npdaviol),

— Z (1 + MglLossyy) - Injy,
bepNDGypDG

+ Z (14 MglLossyq) * Injq
deDI

_ Z SGG’TLViOlh‘i + LOSSAdjh-
i=1.Ngenvioly,

Operating Reserve Requirements

18.7.2.1 The constraints in section 0 shall apply for operating reserve.

IESO Internal Transmission Limits

18.7.3.1 The constraints in section 0 shall apply for ZESO internal transmission
limits. The sensitivities and limits applied shall be provided by the
most recent security assessment function iteration of the Reliability

Scheduling algorithm, with the following exceptions:

18.7.3.2 The terms for price responsive loads in sections 0 and 0 shall be
removed; and

18.7.3.3 The terms for bids and offers for virtual transactions in sections 0 and
0 shall be removed.

Intertie Limits
18.7.4.1 The constraints in section 0 shall apply for /ntertie limits.
Penalty Price Variable Bounds

18.7.5.1 The constraints in section 0 shall apply for penalty price variable
bounds.
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18.8 Constraints to Respect Pass 1 Decisions

18.8.1 The Reliability Scheduling algorithm shall not schedule energy import schedules
for boundary entity resources below those import schedules determined in Pass
1. For all hours A€ {1,.., 24} and /ntertie zone buses d € DI that are not part of a
linked wheeling through transaction:

Z SIGy gy = Z SIGlll,d,k

E E
kekE kekE

18.8.2 The Reliability Scheduling algorithm shall not schedule energy export schedules
for boundary entity resources above those export schedules determined in Pass
1. For all hours he {1,.., 24} and /ntertie zone buses de€ DX that are not part of
a linked wheeling through transaction:

18.8.3 The Reliability Scheduling algorithm shall not de-commit dispatchable generation
resources committed in Pass 1. For all hours #€{1,.., 24} and buses b€ B"¢:

ODGy, = ODG},

18.8.4 For single energy limited resources and multiple dispatchable hydroelectric
generation resources with a registered forebay, the Reliability Scheduling
algorithm shall ensure the schedule for each offer lamination is equal to the
schedules corresponding to the Pass 1 scheduled and unscheduled portions. For
all buses b e BYM, hours h€{1,..,24} and offerlaminations k€ K7, ,:

SDGh,b,k = SlDGh,b,k + SZDG.’L,I},R

18.8.5 The generation resource schedules for the Pass 1 scheduled and unscheduled
portions of the lamination shall respect the incremental quantity of energy
beyond the minimum loading point that may be scheduled. For all buses b€
BY™, hours he{1,..,24} and offer laminations k€ K7, ,:
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18.9

18.9.1

19

19.1

19.1.1

20

20.1

20.1.1

20.2

20.2.1

0 =51DGp . = Q1DGy i
and

0 < S2DGppx < Q2DGy

Outputs

Outputs of the Reliability Scheduling algorithm shall include resource schedules
and commitments.

Pass 3: DAM Scheduling and Pricing

Purpose

Pass 3 shall use market participant and IESO inputs along with resource and
system constraints to determine a set of resource schedules, commitments, and
shadow prices, as well as a set of schedules and /ocational marginal prices that
shall be used for settlement. Pass 3 consists of the DAM Scheduling algorithm
described in section 20 and the DAM Pricing algorithm described in section 21.

DAM Scheduling

Purpose

The DAM Scheduling algorithm shall perform a security~constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, reference level values for resources subject to
section 0, and resource schedules and commitments from the Reliability
Scheduling algorithm, to meet the JESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters for the DAM Scheduling algorithm are
described in sections 3 and 4. In addition, the following resource schedules and
commitments from Pass 2 shall be used by the DAM Scheduling algorithm:
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20.2.2

20.3

20.3.1

20.3.2

20.3.3

20.4

20.4.1

20.5

20.5.1

20.2.1.1 SXL%,,[,, » which designates the amount of energy that a bounaary

entity resource is scheduled to export at /intertie zone bus de DXin
hour 2 € {1,.., 24} in association with lamination /€ /7

20.2.1.2 ODG%,,J, which designates whether the dispatchable generation

resource at bus b€ BP¢ was scheduled at or above its minimum
loading pointin hour A€ {1,.., 24}; and

20.2.1.3 SIGdel 1« Which designates the amount of energy that a boundary
entity resource is scheduled to import at /ntertie zone bus de DI'in
hour 2€{1,.., 24} in association with lamination k€ K7 ;.

The DAM Scheduling algorithm shall use reference level value for any financial

dispatch data parameters that failed the Conduct Test associated with resources
identified in section 14.7.

Variables and Objective Function

The day-ahead market calculation engine shall solve for the variables set out in
section 0.

The objective function for the DAM Scheduling algorithm shall be the same as
the objective function in section 0, with the following exceptions:

20.3.2.1 the variables for unit commitment decisions (0DG;, ;) shall be fixed
within the optimization function; and

20.3.2.2  the start-up offer (SUDG,, ;) and the offer price to operate at
minimum loading point (MGODG} ;) shall be removed from the
objective function.

The optimization function in the DAM Scheduling algorithm shall be subject to
the constraints described in section 20.4.

Constraints

The DAM Scheduling algorithm optimization function shall apply the constraints
described in sections 20.5— 20.8.

Dispatch Data Constraints Applying to Individual Hours

The constraints in section 0 shall apply in the DAM Scheduling algorithm.
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20.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

20.6.1 The constraints in section 8.6 shall apply in the DAM Scheduling algorithm, with
the exception that the constraints for non-quick start resources in section 0 shall
be removed.

20.7 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements

20.7.1 The constraints are the same as in section 8.7. The sensitivities and limits used
in section 0 are those provided by the most recent security assessment function
iteration of the DAM Scheduling algorithm.

20.8 Constraints to Respect Pass 2 Decisions

20.8.1 The DAM Scheduling algorithm shall not decrease import schedules from the
values produced in Pass 2 and may schedule additional imports of energy in Pass
3. For all hours A€ {1, .., 24} and intertie zone buses d € DI that are not part of a
linked wheeling through transaction:

Z SIGp g 2 Z SIGE ax
KEKF 4 KEKF 4
20.8.2 The DAM Scheduling algorithm shall not increase export schedules in Pass 3 from

the values produced in Pass 2. For all hours A€ {1, .., 24} and /ntertie zone buses
de DXxthat are not part of a /linked wheeling through transaction:

20.8.3 The DAM Scheduling algorithm shall not change commitments statuses in Pass 3
for resources as determined in Pass 2. For all hours A€ {1, .., 24} and buses b€
B¢

0DGy) = ODG.,,ZL‘b

20.9 Outputs

20.9.1 Outputs for the DAM Scheduling algorithm shall include resource schedules and
commitments.
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21

21.1

21.1.1

21.2

21.2.1

DAM Pricing

Purpose

The DAM Pricing algorithm shall perform a security~constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, reference level values for resources subject to
section 0, and resource schedules and commitments produced by the DAM
Scheduling algorithm, to meet the JESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters for the DAM Pricing algorithm are
described in sections 3 and 4. In addition, DAM Pricing algorithm shall use the
following resource schedules and commitments from the DAM Scheduling
algorithm in section 20:

21.2.1.1 SDG}L&,{, which designates the amount of energy that a dispatchable

generation resource is scheduled to provide above MinQDG, at bus
be BRy B"Ein hour A€ {1, .., 24} in association with lamination k€

K} i

21.2.1.2 ODG?,,,J, which designates whether the dispatchable generation
resource at bus b€ B”“ was scheduled at or above its minimum
loading pointin hour A€ {1,..,24}. Note that ODG;}, , = ODG;, , for all
hours A€ {1,.., 24} and buses b€ B”¢;

21.2.1.3  S10SDG; 4, Which designates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ BFRu B#€ in hour A€ (1,..,24} in
association with lamination k€ K33;;

21.2.1.4  S10NDG; ,,, which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ B#% u BE in hour he {1,..,24} in

association with lamination k€ &3";

21.2.1.5 530RDG§LM, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
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21.2.2

provide at bus b€ B8y B in hour he {1, .., 24} in association with
lamination k€ £35; and

21.2.1.6 OHO},,b, which designates whether the dispatchable hydroelectric

generation resource at bus b€ B"F has been scheduled at or above
MinHO,, in hour he{1,.., 24}.

The resource schedules from Pass 2:

21.2.2.1 SXL%,,[,, » which designates the amount of energy that a bounaary

entity resource is scheduled to export at bus de DXin hour
he{1,..,24} in association with lamination /€ /7 ;; and

21.2.2.2 SIGf,,d, « Which designates the amount of energy that a boundary
entity resource is scheduled to import at bus de DI'in hour
he{1,..,24} in association with lamination k€ &7 ;.

21.2.2.3 The DAM Pricing algorithm shall use reference level values for any
financial dispatch data parameters that failed the Conduct Test
associated with resources identified in section 14.7.

21.3 Variables and Objective Function

21.3.1

21.3.2

21.4

21.4.1

The DAM Pricing algorithm shall solve for the variables listed in section 0.

The objective function for the DAM Pricing algorithm shall be the same as the
objective function in section 0, subject to section 21.4.

Constraints

The constraints in sections 9.4 through 9.8 shall apply in the DAM Pricing
algorithm, with the following exceptions:

21.4.1.1 The marginal loss factors used in the energy balance constraint in
section 0 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the DAM Scheduling alogorithm in
section 20.

21.4.1.2 The sensitivities and limits used in section 0 shall be provided by the
most recent security assessment function iteration of the DAM Pricing
algorithm.
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21.4.1.3 For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm in section 0 shall be replaced with the outputs
from the DAM Scheduling algorithm in section 20, as follows:

21.4.1.3.1 SDGf;fk shall be replaced by SDG?,,[,,/( for all
he{l,..,24} be BRu B k € K,

21.4.1.3.2 ODG’,‘;ZS shall be replaced by ODG},,b for all
he{l, .., 24} be B

21.4.1.33 .SIOSDGA,;/%S,( shall be replaced by .S‘lOSDG?,,b,k for all
he{l,..,24} be B u B ke k1%,

21.4.1.3.4 SIONDG’f;,%i shall be replaced by S‘lONDG?,,b,k for all
he{l,.., 24y, be B u B* ke K,

21.4.1.3.5 S30RDGHZ shall be replaced by S30RDG, 4 for all
he{l,..,24} be B u B ke K, and

21.4.1.3.6 OH h/%g shall be replaced by OHO?,,[7 for all
he{l,..,24}, be B

21.4.1.4 The constraints imposed for boundary entity resource schedules in
section 20.8 shall apply to boundary entity resource schedules in the
DAM Pricing algorithm, with a tolerance A specified by the JESO and:

21.4.1.4.1 For all hours h€ {1, .., 24} and boundary entity resource
import buses d € D/ that are not part of a /inked wheeling
through transaction:

21.4.1.4.2 For all hours he {1,.., 24} and boundary entity resource
export buses d € DX that are not part of a /inked wheeling
through transaction:
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21.5 Outputs

21.5.1 Outputs of the DAM Pricing algorithm include shadow prices and /ocational
marginal prices for energy and operating reserve.

22 Pseudo-Unit Modelling

22.1 Pseudo-Unit Model Parameters

22.1.1 The day-ahead market calculation engine shall use the following registration and
daily dispatch data to determine the underlying relationship between a pseudo-
unit and the associated physical resources for a combined cycle plant with K
combustion turbine resources and one steam turbine resource:

22.1.1.1

22.1.1.2

22.1.1.3

22.1.1.4

22.1.1.5

22.1.1.6

22.1.1.7

CMCR, designates the registered maximum continuous rating of
combustion turbine k€ {1, .. K} in MW;

CMLP, designates the minimum loading point of combustion turbine
resource ke {1,.. K} in MW;

SMCR designates the registered maximum continuous rating of the
steam turbine resourcein MW;

SMLP designates the minimum loading point of the steam turbine
resource in MW for a 1x1 configuration;

SDF designates the amount of duct firing capacity available on the
steam turbine resource in MW;

STPortion; designates the percentage of the steam turbine resource
capacity attributed to pseudo-unit k€ {1, .. K}; and

CSCM;, € {0,1} designates whether pseudo-unit ke {1, .. K} is flagged
to operate in single cycle mode for the day.

22.1.2 The day-ahead market calculation engine shall calculate the following model
parameters for each pseudo-unit k€ {1,.K}:

22.1.2.1

MMCR),, designates the maximum continuous rating of pseudo-unit k
and is calculated as follows:

CMCR, + SMCR - STPortion,, - (1 — CSCM,)
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22.1.2.2 MMLP, designates the minimum loading point of pseudo-unit k and is
calculated as follows:

CMLP, + SMLP - (1 — CSCMy)

22.1.2.3 MDF, designates the duct firing capacity of pseudo-unit k and is
calculated as follows:

SDF - STPortion,, - (1 — CSCM,.)

22.1.2.4 MDR, designates the dispatchable capacity of pseudo-unit k and is
calculated as follows:

MMCR,, — MMLP, — MDF,

22.1.3 The day-ahead market calculation engine shall define three operating regions of
pseudo-unit ke {1,.K}, as follows:

22.1.3.1 The minimum loading point region shall be the capacity between 0
and MMLP,;

22.1.3.2 The dispatchable region shall be the capacity between MMLPA, and
MMLP, + MDR;; and

22.1.3.3 The duct firing region shall be the capacity between MMLE, + MDR,
and MMCR,,.

22.1.4 The day-ahead market calculation engine shall calculate the associated
combustion turbine resource and steam turbine resource shares for the three
operating regions of pseudo-unit k€ {1,.K}, as follows:

22.1.4.1 For the minimum loading point region:

22.1.4.1.1 Steam turbine resource share:

= SMLP{1-C5CMy),
STShareMLP; = T
and

22.1.4.1.2 Combustion turbine resource share:

CMLPy,

CTShareMLP, = ——;
MMLPy,

22.1.4.2 For the dispatchable region:

Page 160 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



22.2

22.2.1

22.2.2

22.2.3

22.1.4.2.1 Steam turbine resource share:

STShareDR. = (1-CSCMy)(SMCR-STPortiony—SMLP—SDF-STPortiony),
k — 14
MDRy

and

22.1.4.2.2 Combustion turbine resource share:

CMCR— CMLP,

CTShareDR,= DR and
k

22.1.4.3 For the duct firing region:
22.1.4.3.1 Steam turbine resource share shall be equal to 1; and

22.1.4.3.2 Combustion turbine resource share shall be equal to 0.

Application of Physical Resource Deratings to the
Pseudo-Unit Model

The day-ahead market calculation engine shall apply deratings submitted by
market participants to the applicable dispatchable capacity and duct firing
capacity parameters for a pseudo-unit, where:

22.2.1.1 (TCapy, designates the capacity of combustion turbine resource
ke {1,.. K} in hour h as determined by submitted deratings;

22.2.1.2 STCap,, designates the capacity of the steam turbine resource in hour
h as determined by submitted deratings; and

22.2.1.3 TotalQy, designates the total offered quantity of energy for pseudo-
unit ke {1,..,K} in hour h.

The day-ahead market calculation engine shall solve for the following operating
region parameters for hour h € [1,..,24} for each pseudo-unit ke {1, .. K}:

22.2.2.1 MLP,, designates the minimum loading point of pseudo-unitk in
hour h;

22.2.2.2 DRy designates the dispatchable region capacity of pseudo-unit k in
hour h; and

22.2.2.3 DFy designates the duct firing region capacity of pseudo-unit k in
hour h.

Pre-processing of De-rates
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22.2.3.1

to each combustion turbine resource (CTAmty, ) and
steam turbine resource portion (STAmty, ;,):

If Tota/Qh/ « < MMLP then:

CTAmty, . = 0; and

STAmty, ;. =0.

Otherwise:

CTAMEMLP = MMLP,-CTShareMLPy; and
STAMtMLP = MMLPy-STShareMLP.

If Tota/Qh/ « > MMLP, + MDR,, then:
CTAMtDR = MDR,-CTShareDR;
STAMtDR = MDR,-STShareDR,; and

STAMIDF = (1 — CSCMy)-(TotalQ, , — MMLP, — MDRy).

Otherwise:
CTAmMtDR = (TotalQ, , — MMLP,)-CTShareDR,;

STAMtDR = (TotalQ, ,— MMLP,)-STShareDRy;

STAMIDF = 0;
CTAmty , = CTAMtMLP + CTAmtDR; and
STAmty, , = STAMtMLP + STAMtDR + STAmtDF.

22.2.3.1.2 Step 2: Allocate the steam turbine resource capacity to

each pseudo-unit.

STAmth,k
Zw €{1,.K} STAmth,w

PRSTCapp = ( ) -STCapy,

22.2.3.1.3 Step 3: Determine if the pseudo-unit is available:

If CTAmt, , < CMLR, then the pseudo-unitis unavailable.

The day-ahead market calculation engine shall perform the following
pre-processing steps to determine the available operating regions for
a pseudo-unit based on the combustion turbine resource and steam

turbine resource share and the application of the pseudo-unit
deratings. For pseudo-unit ke {1,.. K} for hour A€ {1,.., 24}:

22.2.3.1.1 Step 1: Calculate the amount of offered energy attributed
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22.2.4

If STAmt,; < SMLP(1 — CSCM,), then the pseudo-unitis
unavailable.

If CTCapy, < CMLPR,, then the pseudo-unitis unavailable.

If PRSTCapy,; < SMLP-(1 — CSCMy), then the pseudo-unitis
unavailable.

22.2.3.1.4 Step 4: Initialize the operating region parameters for hour

he{l,.., 24} to the model parameter values:
Set MLPh/k = MMLP/(
Set DR/,//( = MDRk
Set DFh,k = MDF,.

22.2.3.1.5 Step 5: Apply the derating on the combustion turbine

resource to the dispatchable region:

Calculate P so that CMLPy + P-CTShareDR-MDRy = CTCap,, ,;
and

Set DR/,//( = m/n(DR,,,k ’ PMDR/()

22.2.3.1.6 Step 6: Apply the derating on the steam turbine resource

to the duct firing and dispatchable regions for pseudo-units
not operating in single cycle mode:

Calculate R so that SMLP +R-STShareDRy-MDR = PRSTCap,, .
If R< 1, set DF/,//( = 0, and DR/?,k = m/n(DR/,/k ’ RMDRk)

If R > 1, set DF, . = mir(DF,, PRSTCap, ,— SMLP—
STShareDR,-MDR)).

Available Energy Laminations

22.2.4.1

The day-ahead market calculation engine shall determine the offer
quantity laminations that may be scheduled for energy and operating
reserve in each operating region for hour 4 € {1,.., 24} for each
pseudo-unit ke {1, .. K}, subject to section 0, where:

22.2.4.1.1 QMLPF,, designates the total quantity that may be

scheduled in the minimum loading point region;

22.2.4.1.2 QDRy; designates the total quantity that may be

scheduled in the dispatchable region; and
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22.2.4.1.3 QDF,; designates the total quantity that may be scheduled
in the duct firing region.

22.2.4.2 The available offered quantity laminations shall be subject to the
following conditions:

0 =< QMLP}L,.]C =< MLPh,k;
0 < QDRpx < DRy;
0 < QDFy,; < DFpy;

if QMLP,, ;. < MLP,, ,,, then the pseudo-unit is unavailable and
QDRh,k = QDFM = 0; and

1if QDRh,k < DRE,.'C’ then QDFPL,]{ = 0.

22.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

22.3.1 The day-ahead market calculation engine shall convert physical resource
constraints to pseudo-unit constraints, where:

22.3.1.1  PSUMin} , designates the minimum limitation on pseudo-unit k

determined by translating constraint q. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PSUMinZ, . shall

be set equal to 0;

22.3.1.2  PSUMaxj , designates the maximum limitation on pseudo-unit k

determined by translating constraint q. When constraint g does not
provide a maximum limitation on pseudo-unit k, then PSUMan’ . shall

be set equal to MLFA, ;+ DR, ;+ DFy; and

22.3.1.3 CTCmtd,,€{0,1} designates whether combustion turbine resource k €
{1,..K} is considered committed in hour A€ {1, .., 24}.

22.3.2 The day-ahead market calculation engine shall calculate the minimum and
maximum limitations, subject to section 0, as follows:

22.3.2.1 Minimum limitation: MinDGp, s = maxqe{ll__Q}PSUM/nZ/k; and

22.3.2.2 Maximum limitation: MaxDGrp, = m/nqe{ll__Q}PSUMaxZ,k.
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where Q designates the number of constraints impacting a combined
cycle plant that have been provided to the day-ahead market
calculation engine.

22.3.3 Pseudo-unit Minimum and Maximum Constraints

22.3.3.1  Pseudo-unit minimum and maximum constraints shall be calculated as
follows:

22.3.3.1.1 PSUMin,; = PMin, where PMin shall be a minimum
constraint provided on pseudo-unit k€ {1, .. K} for hour
he{l,..,24}; and

22.3.3.1.2 PSUMaxy,;, = PMax, where PMax shall be a maximum
constraint provided on pseudo-unit k€ {1, .. K} for hour
he{l,..,24}.

22.3.4 Combustion Turbine Resource Minimum and Maximum Constraints
22.3.4.1 If a pseudo-unitis not flagged to operate in single cycle mode, then

the combustion turbine resource minimum constraint shall be
converted to a pseudo-unit constraint as follows:

If CTMin < MLP,, ;. *+ CTShareMLP,, then set

STMinMLP = CTMin - (M)

CTShareMLPj, ; and
STMinDR = 0|
Otherwise, if CTMin = MLP, ; - CTShareMLP,,, then set
STMinMLP = MLPy,, - STShareMLP, ; and

STShareDRk)

STMinDR = (CTMin — MLPy,, - CTShareMLPk) : (m
k

PSUMiny , = CTMin + STMinMLP + STMinDR

22.3.4.2 If a pseudo-unitis flagged to operate in single cycle mode, then the
combustion turbine resource minimum constraint shall be converted
to a pseudo-unit constraint as follows:

PSUMiny, ;= CTMin
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22.3.5

22.3.4.3 If a pseudo-unitis not flagged to operate in single cycle mode, then
the combustion turbine resource maximum constraint shall be
converted to a pseudo-unit constraint as follows:

If CTMax < MLP,, - CTShareMLP,, then PSUMax, = 0

Otherwise, calculate the effect of the constraint on the steam turbine
within the minimum loading point and dispatchable regions:

STMaxMLP = MLP,, - STShareMLP,

STShareDR,,
STMaxDR = (CTMax — MLP, ;. - CTShareMLPy) - (m)
k

PSUMaxy, ,, = CTMax + STMaxMLP + STMaxDR

22.3.4.4 If a pseudo-unitis flagged to operate in single cycle mode, then the
combustion turbine resource maximum constraint shall be converted
to a pseudo-unit constraint as follows:

PSUMaxp, = CTMax

Steam Turbine Resource Minimum and Maximum Constraints

22.3.5.1 The day-ahead market calculation engine shall convert a steam
turbine resource minimum constraint to a pseudo-unit constraint as
follows:

22.3.5.1.1 Step 1: Identify A< {1,..,K}, which shall indicate the set of
pseudo-units to which the constraint may be allocated
where pseudo-unit k€ {1, .. K} is placed in set A if and
only if CSCM=0 and CTCmtd,; = 1. If the set A is empty,
then no further steps are required, otherwise proceed to
Step 2.

22.3.5.1.2 Step 2: Determine the steam turbine resource portion of
the capacity of pseudo-unit k € A:

STCap, = QMLP, ,-STShareMLP; + QDR, ,-STShareDRy + QDF,,

22.3.5.1.3 Step 3: Allocate the S7TMin constraint to each pseudo-unit
k€ A, where STMin constraint shall be allocated equally to
each pseudo-unit ke A and STPMin, is limited by STCap,.
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22.3.5.1.4 Step 4: The steam turbine resource portion minimum
constraint shall be converted to a pseudo-unit constraint,
where for each pseudo-unit k € A:

If STPMin, < MLPy; - STShareMLP,, then set

;and

2

CTMinMLP, = STPMin, - (L)

STShareMLP)
CTMinDR, =0
Otherwise, if STPMin, = MLP, ;. - STShareMLP;,, then set

CTMinMLP, = MLP,, ;. - CTShareMLP,; and

CTShareDR k)

CTMinDR, :(5‘ TPMin,-MLF, ;-ST. S]JareMLB() . (m
k

Therefore:

PSUMin,, ;, = STPMin,, + CTMinMLP;, + CTMinDR,,

22.3.5.2 If pseudo-units with sufficient steam turbine resource capacity are not
committed, then the day-ahead market calculation engine shall not
convert the entire quantity of the steam turbine resource minimum
constraint to pseudo-unit constraints.
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22.3.5.3 The steam turbine resource maximum constraint shall be converted to
a pseudo-unit constraint as follows:

STAmth,k
ZWE{I,..,K] STAmth,w

PRSTMaxy, = ( ) STMax

If the prorated steam turbine maximum constraint limits the steam
turbine portion to below its minimum loading point, then

PSUMaxh,k =0

Otherwise, calculate R so that SMLP + R - STShareDR,, -
MDR,, = PRSTMaxy, ;,

IfR < 1, set PSUMaxh‘k = MLP.’L,I{ + min(DRh‘k ,R ' MDRR)

IfR > 1, set PSUMaxh‘k = MLP.’L,I{ + DRh,k + PRSTMaxh,k -
SMLP — STShareDR,, - MDR,,

22.3.5.4 If the steam turbine resource minimum and maximum constraints are
equal but do not convert to equal pseudo-unit minimum and
maximum constraints, then the steam turbine resource minimum
constraint conversion in section 0 shall be used to determine equal
pseudo-unit minimum and maximum constraints.

22.4 Conversion of Pseudo-Unit Schedules to Physical

22.4.1

Resource Schedules

For a combined cycle plant with K combustion turbine resources and one steam
turbine resource, the day-ahead market calculation engine shall compute the
following energy and operating reserve schedules for hours A€ {1, .., 24}:

22.4.1.1 (TE,, designates the energy schedule for combustion turbine
resource ke {1, .. K};

22.4.1.2 STPE,, designates the energy schedule for the steam turbine
resource portion of pseudo-unit ke {1, .. K};

22.4.1.3 STE, designates the energy schedule for the steam turbine resource,

22.4.1.4 (CT10S,, designates the synchronized ten-minute operating reserve
schedule for combustion turbine resource ke {1, .. X};
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22.4.2

22.4.1.5

22.4.1.6

22.4.1.7

22.4.1.8

22.4.1.9

22.4.1.10

22.4.1.11

22.4.1.12

STP10S),; designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource portion of pseudo-unit
ke{1,.. K}

ST10.S, designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource;

CT10 N, designates the non-synchronized ten-minute operating
reserve schedule for combustion turbine resource k€ {1, .. K};

STP10N,; designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine resource portion of pseudo-
unit ke {1,.. K};

ST10N, designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine resource;

CT30R,, designates the thirty-minute operating reserve schedule for
combustion turbine resource ke {1, .. K};

STP30R,, designates the thirty-minute operating reserve schedule for
the steam turbine resource portion of pseudo-unit ke {1, .. ,K}; and

ST30R, designates the thirty-minute operating reserve schedule for
the steam turbine resource.

The day-ahead market calculation engine shall determine the following energy
and operating reserve schedules for pseudo-unit k€ {1, .. K} in hour
he{l,.., 24}

22.4.2.1

SEy, ;. designates the total amount of energy scheduled and SEj, ;=
SEMLP, ;. + SEDR),; + SEDF,; where:

22.4.2.1.1 SEMLPF,, designates the portion of the schedule
corresponding to the minimum loading point region, where
0 < SEMLB,; < QMLB,;;

22.4.2.1.2 SEDRy, designates the portion of the schedule
corresponding to the dispatchable region, where 0 <
SEDR;, < QDR and SEDR,,; > 0 only if SEMLB,; =
QMLP,;; and
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22.4.3

22.4.2.1.3 SEDF,; designates the portion of the schedule
corresponding to the duct firing region, where 0 <
SEDFII’[( < QDF]’,k and SEDF},I]( >0 Only if SEDR]M( = QDR]I,](;

22.4.2.2 5108, designates the total amount of synchronized ten-minute
operating reserve scheduled;

22.4.2.3 S10N,, designates the total amount of non-synchronized ten-minute
operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region then 0 < SE), ;, + S105,, +
SlON]Lk < QMLP]Lk-l' QDRlJ,k; and

22.4.2.4 S30Ry) designates the total amount of thirty-minute operating
reserve scheduled, where 0 < SEj, , + S108p, 4 + S1ONy ;. + S30R;, . <
QMLPF, ; + QDRy .+ QDFy 4.

The day-ahead market calculation engine shall convert pseudo-unit schedules to
physical generation resource schedules for energy and operating reserve, as
follows:

22.43.1 If SEh,k = MLPh'k, then:

CTEpy = SEMLP, . - CTShareMLP, + SEDRy, . - CTShareDRy;

STPEy, ) = SEMLP, ;. - STShareMLP, + SEDRy, , - STShareDR,, +
SEDFy;

RoomDRy ; = QDR — SEDRy, 1.

10SDRy,, = min(RoomDRy, i, S10Sy . );

10NDRy,;, = min(RoomDRy, ; — 10SDRy, i, STON,, ;. );

30RDRy,;, = min(RoomDRy, ; — 10SDRy, ;. — 10NDRy, ;,, S30R;, 1 );
CT10S, ) = 10SDRy,; - CTShareDR;

STP10S}, . = 10SDRy, ;. - STShareDR + (S10Sy, — 10SDRy, . );
CT10Ny . = 10NDRy, . - CTShareDRy;

STP10Ny; = 10NDRy,; - STShareDR + (S10N,; — 10NDRy, ;. );
CT30R, ; = 30RDRy, . - CTShareDR,; and

STP30R),x = 30RDR,, . - STShareDR,, + (S30R;, ;. — 30RDR), ;).
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22.4.3.2 If SEy, < MLE,, and is ramping to minimum loading point, then the
conversion shall be determined by the ramp up energy to minimum
loading point.

22.4.3.3 The steam turbine resources portion schedules from section 0 shall be
summed to obtain the steam turbine resource schedule as follows:

STEp = Yk=1,.k STPEp;

ST10S;, = Sy STP10Sy
ST10N;, = Sy _x STP10N, x; and
ST30R, = Yier x STP30R, .

23 Pricing Formulas

23.1 Purpose

23.1.1 The day-ahead market calculation engine shall calculate /ocational marginal
prices using shadow prices, constraint sensitivities and marginal loss factors.

23.2 Sets, Indices and Parameters

23.2.1 The sets, indices and parameters used to calculate /ocational marginal prices are
described in section 4. In addition, the following shadow prices from Passes 1
and 3 shall be used:

23.2.1.1 SPEin .rdesignates the Pass p shadow price for the post-

contingency transmission constraint for /acility fe Fin contingency
c€ C in hour h;

23.2.1.2 SPExtT;ZZ designates the Pass p shadow price for the import or export
limit constraint ze Zg, in hour h;

23.2.1.3  SPL, designates the Pass p shadow price for the energy balance
constraint in hour h;

23.2.1.4 SPN]UEXtBWdT,’? designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports between hour (h — 1) and hour h;
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23.2.1.5 SPNIDExtBwdT; designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting decreases in net
imports between hour (h — 1) and hour h;

23.2.1.6 SPNIUExtFwd7f designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports between hour h and hour (h + 1);

23.2.1.7  SPNIDExtFwdT, designates the Pass p shadow price for the net

interchange scheduling limit constraint limiting decreases in net
imports between hour h and hour (h + 1);

23.2.1.8 SPNormYZ ~designates the Pass p shadow price for the pre-
contingency transmission constraint for facility fe Fin hour h;

23.2.1.9 SP10S, designates the Pass p shadow price for the total synchronized
ten-minute operating reserve requirement constraint in hour h;

23.2.1.10 SPlORZ designates the Pass p shadow price for the total ten-minute
operating reserve requirement constraint in hour h;

23.2.1.11 SP30R, designates the Pass p shadow price for the total thirty-minute
operating reserve requirement constraint in hour h;

23.2.1.12 SPREGMinlOR;’” designates the Pass p shadow price for the minimum

ten-minute operating reserve constraint for region re€ ORREG in hour
h;

23.2.1.13 SPREGMinBOR;’” designates the Pass p shadow price for the minimum

thirty-minute operating reserve constraint for region r€ ORREG in
hour h;

23.2.1.14 SPREGMaxlORj’” designates the Pass p shadow price for the

maximum ten-minute operating reserve constraint for region re
ORREG in hour h; and

23.2.1.15 SPREGMaxSORj’” designates the Pass p shadow price for the

maximum thirty-minute operating reserve constraint for region re
ORREG in hour h.
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23.3 Locational Marginal Prices for Energy
23.3.1 Energy Locational Marginal Prices for Delivery Points

23.3.1.1 The day-ahead market calculation engine shall calculate a /ocational
marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1,.., 24} for every bus b € L where a non-dispatchable or
dispatchable generation resource, a dispatchable load, a price
responsive load, an hourly demand response resource, or a non-
dispatchable load is sited and:

23.3.1.1.1 LMP,ffb designates the Pass p hour h /ocational marginal
price for energy;

23.3.1.1.2 PRef} designates the Pass p hour h energy locational
marginal price for energy at the reference bus;

23.3.1.1.3 PLOSSPI:,b designates the Pass p hour h loss component;
and

23.3.1.1.4 PCongﬁ,b designates the Pass p hour h congestion
component.

23.3.1.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass p € {1,3} at bus b € L in hour A€ {1,.., 24}, as
follows:
InitLMP,, = InitPRef;’ + InitPLoss}, + InitPCongy, ,

where

InitPRef,} = SPL};

InitPLoss}:_b = MglLossf:}b . SPLI;;

and

InitPCong}, , = Z PreConSF, s, -SPNormT‘{f

ceC fEFpc
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23.3.1.3 If the initial /ocational marginal price for energy at the reference bus
(InitPRef;V) is not within the settlement bounds
(EngyPrcFlr, EngyPrcCeil), then the day-ahead market calculation
engine shall modify the /ocational marginal price for energy at the
reference bus as follows:

If InitPRefhp > EngyPrcCeil,PI’&E'I‘};7 = EngyPrcCeil
If InitPRef; < EngyPrcFir, PRef, = EngyPrcFir
Otherwise, PRef, = InitPRef;

23.3.1.4 If the initial /ocational marginal price for energy(lnitLMP,fb) is not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the
day-ahead market calculation engine shall modify the /ocational
marginal price for energy as follows:

If InitLMPF,, > EngyPrcCeil, LMP;, = EngyPrcCeil
If InitLMF,), < EngyPrcFir, LMF,,, = EngyPrcFir
Otherwise, LMF,, = InitLMPF;),

23.3.1.5 The day-ahead market calculation engine shall modify the loss
component as follows:

If PRef}) #InitPRef;), then PlLoss), , = MglLoss, ,"PRef

Otherwise, PLoss,, = InitPLosS), ,

23.3.1.6 The day-ahead market calculation engine shall modify the congestion
component as follows:

If LMP, ,, — PRef, — PLoss}, ,, and
[n/tPCongf, , have the same mathematical sign, then PCongZ b=

LMP;,, — PRef, — Ploss, ,
Otherwise, PCong, , = 0 and PLoss), ,, = LMP, , — PRef,

23.3.2 Energy Locational Marginal Prices for Intertie Metering Points

23.3.2.1 The day-ahead market calculation engine shall calculate a /ocational
marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1, .., 24} for /intertie zone bus de D, where:

23.3.2.1.1 EXtLMP}F_d designates the Pass p hour h /locational marginal
price for energy;
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23.3.2.1.2 lntLle , designates the Pass p hour h intertie border price
for energy;

23.3.2.1.3 1613; , designates the Pass p hour h intertie congestion
price,

23.3.2.1.4 PRef! designates the Pass p hour h locational marginal
price for energy at the reference bus;

23.3.2.1.5 PLossZ ; designates the Pass p hour h loss component;

23.3.2.1.6 PIntCong), , designates the Pass p hour h internal
congestion component for energy;

23.3.2.1.7 PExtCOHgZ ; designates the Pass p hour h external

congestion component for the /intertie congestion price;
and

23.3.2.1.8 PN]SL‘,’L , designates the Pass p hour h net interchange

scheduling limit congestion component for the intertie
congestion price.

23.3.2.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy for the reference bus, a loss component and a congestion
component for energy for Pass p at /intertie zone bus d € D, in intertie
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zonea€ Ain hour h € {1, .., 24}, subject to section 0 and 0, as
follows:

InitExtLMP}, = InitIntLMP;, + InitICP;,
where
InitPRef,) = SPL} ;
InitPLoss,f'd = MgELossff}d . SPL?I ;
InitPIntCongﬁ}d
= Z PreConSFy ;4 - SPNormT,’ .

JEFR

+Z Z SFhefa -SPEmTrfC!f;

CEC fEFp e

InitIntLMP,; = InitPRef, + InitPLoss, ,
+ InitPIntCong}:'d;

MitICPY, = InitPExtCong}, , + InitPNISL) .

InitPExtCong, , = Z EnCoeff,, - SPEXT,,;

ZEZgch

and

InitPNISL}, , = SPNIUExtBwdT, — SPNIUExtFwdT}
— SPNIDExtBwdT} + SPNIDExtFwdT}

23.3.2.3 If the initial /ocational marginal price for energy(lnitExtLMP,fd) is not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the
day-ahead market calculation engine shall modify the /ntertie border
price for energy, and its components, as follows:

23.3.2.3.1 The initial /ocational marginal price for the reference bus
(InitPRef;’) shall be modified per section 0;

23.3.2.3.2 The initial /intertie border price (InitIntLMP,f 4) shall be
modified per section 0, where InitLMP}, = InitIntLMP;;;

23.3.2.3.3 The initial loss component (InitPLoss,‘f'b) shall be modified
per section 0; and
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23.3.2.3.4 The initial congestion component (InitPCongz'b) shall be
modified per section 0.

23.3.2.4 If the initial /ocational marginal price for energy (InitExtLMP,ff 4) is not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the
day-ahead market calculation engine shall modify the /ocational
marginal price for energy, as follows:

If InitExtLMP, , > EngyPrcCeil, set ExtLMP),= EngyPrcCeil
If InitEXLMPY, 4 < EngyPrcFir, set EXCLMP, 4, = EngyPrcFir
Otherwise, set ExtLMP, , = InitEXtLMP,

23.3.2.5 If the modified /ocational marginal price for energy(ExtLM};‘,’ D is
equal to the /ntertie border price for energy (IntLM}}Z 2, then the agay-

ahead market calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion components for the /intertie congestion
price, as follows:

If ExtLMP} 4= IntLMP}, 4 set PExtCong], ,= 0 and PNISL} ;=0

23.3.2.6  If the modified /ocational marginal price for energy (ExtLMPfff 4) IS not
equal to the /ntertie border price for energy (IntLMPff’_ 1), then the

day-ahead market calculation engine shall modify the external
congestion component for the /ntertie congestion price and net
interchange scheduling limit congestion components for the /ntertie
congestion price, as follows:

If EX_LMP] ; # IntLMP} ;, set

PNISLY, ; = (ExtLMP;, — IntLMP; )

( InitPNISL,, )
InitPNISL} , + InitPExtCongy, ,

If PNISLY, ; > NISLPen, PNISL; , = NISLPen

If PNISLY , < (=1) - NISLPen, PNISL), , = (—1) -

NISLPen
Then PExtCong,, ; = ExtLMP}, — IntLMB}, —
PNISL} ,
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23.3.2.7 The day-ahead market calculation engine shall calculate the /ntertie
congestion price as follows:

ICP}', = PExtCong] +PNISL, ,

23.3.2.8 The /ocational marginal price for energy calculated by the day-ahead
market calculation engine shall be the same for all boundary entity
resource buses at the same intertie zone. Intertie transactions
associated with the same boundary entity resource bus, but specified
as occurring at different /intertie zones, subject to phase shifter
operation, shall be modelled as flowing across independent paths.
Pricing of these transactions shall utilize shadow prices associated
with the internal transmission constraints, /ntertie limits and
transmission losses applicable to the path associated to the relevant
Intertie zone.

23.3.2.9 When an /ntertie zone is out-of-service, the /ntertie limits for that
intertie zone will be set to zero and all import and export boundary
entity resources for that /ntertie zone will receive a zero schedule and
the /locational marginal price for energy shall be set to the intertie
border price for energy.

23.3.3 Zonal Prices for Energy

23.3.3.1 The day-ahead market calculation engine shall calculate the zonal
price for energy and its components for each Pass p € {1,3} and hour
he{1,..,24} for each virtual transaction zone m € M, as follows:

VZonaIPffm = PRefhp + VZonalPLossf_m
+ VZonaEPCongf:‘m

where

VZonalPLoss, ,, = WFYIRT - PLoss}, ,

bELyIRT

and

VZonalPCongy, ,, = z WFYIR - PCong},,

beLVIRT

23.3.3.2 The day-ahead market calculation engine shall calculate the zonal
price for energy and its components for each Pass p € {1,3} and hour
he{1,..,24} for non-dispatchable load zone, y € Y as follows:
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ZonalPhITy = PRef;lp + ZonalPLoss,ny + ZonaIPCon‘gﬁ}y

where

ZonalPLossy, , = Z WFy 5 - PLossy, ,

NDL
beLl

and

ZonaIPCongsy = Z WFy 5 - PCongy, ,

NDL
belk

23.3.3.3 The day-ahead market Ontario zonal priceis calculated per section 0
where the non-dispatchable load zone is comprised of all non-
dispatchable loads within Ontario.

23.3.4 Pseudo-Unit Pricing

23.3.4.1 The day-ahead market calculation engine shall calculate a /ocational
marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1, .., 24} for every pseudo-unitk € {1,..,K} where:

23.3.4.1.1 CTMglLoss}, , designates the marginal loss factor for the

combustion turbine resource identified by pseudo-unit k
for hour Ain Pass p;

23.3.4.1.2 STMglLossy, , designates the marginal loss factor for the

steam turbine resource identified by pseudo-unit k for hour
hin Pass p;

23.3.4.1.3 CTPreConSF, ; designates the pre-contingency sensitivity
factor for the combustion turbine resource identified by
pseudo-unit k on facility fduring hour A under pre-
contingency conditions;

23.3.4.1.4 STPreConSFy s designates the pre-contingency sensitivity
factor for the steam turbine resource identified by pseudo-
unit k on facility fduring hour A under pre-contingency
conditions;

23.3.4.1.5 CTSF, 5 designates the post-contingency sensitivity
factor for the combustion turbine resource identified by
pseudo-unit k on facility fduring hour A under post-
contigency conditions for contingency ¢ and
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23.3.4.1.6 STSFy, . ¢, designates the post-contingency sensitivity
factor for the steam turbine resource identified by pseudo-
unit k on facility fduring hour A under post-contingency
conditions for contingency c

23.3.4.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass p € {1,3} for every pseudo-unitk € {1,..,K}in
hour A€ {1,.., 24}, as follows:

InitLMP,), =InitPRef; + InitPLoss), , + InitPCong,,

where
; — P,
[nitPRef, =SPL, ;
InitPLoss), ,=MglLoss,, ,SPL) ;
and

InitPCongﬁ_k = Z PreConSFy -SPNormThp_f

SE€Fh

+Z Z SFncru -SPEMT,, ¢

ceC feFy ¢

23.3.4.3 If pseudo-unitk € {1,..,K} is scheduled within its Minimum Loading
Point range or not scheduled at all, its marginal loss and sensitivity
factors shall be:

MglLoss},, = CTShareMLP, - CTMglLossy,,, + STShareMLP,,
. STMgILoss;f’k

PreConSF ¢ .
= CTShareMLPy - CTPreConSFy, r ;. + STShareMLP,
“STPreConSFy

SFh,C,f,k = CTShaT'E'MLPk - CTS}?}LC,}“J( + STSha?‘eMLPk . STSF.F’LC,‘,f.k
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23.3.4.4

23.3.4.5

If pseudo-unitk € {1,..,K} is scheduled within its dispatchable
region, its marginal loss and sensitivity factors shall be:

MglLossy,, = CTShareDRy, - CTMglLoss}, , + STShareDR,,
. STMgILoss;:’k

PreConSFy ¢
= CTShareDR,, - CTPreConSFy ;) + STShareDR),
*STPreConSEy s

SFh,r.‘,f,k = CTShaT‘eDRk - CTSP‘h,C‘ka + STSha?‘eDRk - STSFh,C,f,k

If pseudo-unitk € {1,..,K} is scheduled within its duct firing region,
its marginal loss and sensitivity factors shall be:

MglLoss,f_k = STMgILossE_k
PreConSFy ¢ = STPreConSFy ¢

SFperx = STSFycrx

23.4 Locational Marginal Prices for Operating Reserve

23.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

23.4.1.1

The day-ahead market calculation engine shall calculate a /ocational
marginal price and components for gperating reserve for each Pass
p € {1,3} and hour h € {1, .., 24} for a delivery point associated with
the dispatchable generation resource and dispatchable load at bus

b € B, where:

23.4.1.1.1 LBOR};‘,’ , designates the Pass p hour h locational marignal
price for thirty-minute operating reserve;

23.4.1.1.2 P30RRef; designates the Pass p hour h locational marignal

price for thirty-minute operating reserve at the reference
bus;

23.4.1.1.3 P30R6’0ng2 , designates the Pass p hour h congestion
component for thirty-minute operating reserve,
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23.4.1.1.4 L10N}}Z , designates the Pass p hour h /locational marignal
price for non-synchronized ten-minute operating reserve,

23.4.1.1.5 P10NRef! designates the Pass p hour h locational marignal

price for non-synchronized ten-minute operating reserve at
the reference bus;

23.4.1.1.6 P10NCong, , designates the Pass p hour h congestion

component for non-synchronized ten-minute operating
reserve;

23.4.1.1.7 L105177"7 , designates the Pass p hour h locational marignal
price for synchronized ten-minute operating reserve,

23.4.1.1.8 P10SRef designates the Pass p hour h locational marignal
price for synchronized ten-minute operating reserve at the
reference bus,

23.4.1.1.9 PlOSCong‘Z , designates the Pass p hour h congestion

component for synchronized ten-minute operating reserve,
and

23.4.1.1.10 ORREG, S ORREG designates the subset of ORREG
consisting of regions that include bus b.

23.4.1.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the reference
bus, and congestion components for Pass p for a delivery point
associated with the dispatchable generation resource and
dispatchable load at bus b € B in hour h € {1,.., 24}, for each class of
operating reserve, as follows:
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InitL30RP}, = InitP30RRef,] + InitP30RCong, ,

where
InitP30RRef,Y = SP30R}
and
InitP30RCongy;, ,
= Z SPREGMin30R}, ,
rEORREG)
+ Z SPREGMax30Ry,
TEORREG)

InitL10NP}, = InitP10NRef,’ + InitP10NCong}, ,
where

InitP10NRef,Y = SP10R} + SP30R},

and

InitP10NCong}, ,
= > (SPREGMin10RY,
TEORREG)
+ SPREGMin30R}, )
+ Z (SPREGMax10RY},,
TEORREG)

+ SPREGMax30R}, )

InitL10SP;, = InitP10SRef,’ + InitP10SCong}, ,
where
InitP10SRef,} = SP10S; + SP10R} + SP30R},

and

InitP10SCongy, ,
= > (SPREGMin10R},
rEORREG)
+ SPREGMin30R},,)

+ > (SPREGMax10R},
r€ORREG,

+ SPREGMax30R}, )
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23.4.1.3 If the initial /ocational marginal price at the reference bus
(InitP30RRef?, InitP10NRef}, or InitP10SRef;’) is not within the
settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead
market calculation engine shall modify the initial /ocational marginal
prices at the reference bus for each class of ogperating reserve as
follows:

If InitP30RRef;} > ORPrcCeil ,P30RRef;’ = ORPrcCeil;

If InitP30RRef;’ < ORPrcFlr,P30RRef? =
ORPrcFlr; Otherwise, P30RRef,’ = InitP30RRef}.

If InitP10NRefF > ORPrcCeil ,P10NRef! = ORPrcCeil;

If InitP10NRef,’ < ORPrcFlr,P10NRef,’ = ORPrcFlr;
Otherwise, P10NRef = InitP10NRef!.

If InitP10SRef,’ > ORPrcCeil ,P10SRef? = ORPrcCeil;

If InitP10SRef,’ < ORPrcFlr,P10SRef’ = ORPrcFlr;
Otherwise, P10SRef,’ = InitP10SRefy

23.4.1.4 If the initial /ocational marginal price

(InitL30RP,,, InitL10NPY,, or InitL10SP,,) is not within the

settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead
market calculation engine shall modify the initial /ocational marginal
price for each class of operating reserve as follows:

If InitL30RPY, > ORPrcCeil ,L30RP?, = ORPrcCeil;

If InitL30RPY, < ORPrcFlr,L30RP;, = ORPrcFlr;
Otherwise, L30RPY, = InitL30RP,, .

If InitL1ONP?, > ORPrcCeil ,L10NP,, = ORPrcCeil;

If InitL10NP}, < ORPrcFlr,L1ONP?, = ORPrcFlr;
Otherwise, L10NP}, = InitL10NP,,.

If InitL10SP}, > ORPrcCeil ,L10SP, = ORPrcCeil;

If InitL10SP,, < ORPrcFlr,L10SP., = ORPrcFlr;
Otherwise, L10SP?, = InitL10SP,,

23.4.1.5 If the initial /ocational marginal price
(InitL30RP},, InitL10NP,, or InitL10SP},) is not within the
settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead
market calculation engine shall modify the congestion component for

each class of gperating reserve, as follows:
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Set P30RCong},, = L30RP;, — P30RRef;;
Set P10NCongy,, = L10NP,, — P10NRef;”; and
Set P10SCong}, , = L10SP?, — P10SRef;, .

23.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

23.4.2.1 The day-ahead market calculation engine shall calculate a /ocational
marginal price and components for gperating reserve for each Pass
pe{1,3} and hour A€ {1,.., 24} for intertie zone bus d € D, where:

23.4.2.1.1 ExthoRi}fd designates the Pass p hour h /ocational
marginal price for thirty-minute operating reserve,

23.4.2.1.2 P30RRefh" designates the Pass p hour h /locational marginal
price for thirty-minute operating reserve at the reference
bus;

23.4.2.1.3 P30RIntCong,, , designates the Pass p hour h internal
congestion component for thirty-minute operating reserve,

23.4.2.1.4 BORExtCongZ , designates the Pass p hour h intertie
congestion component for thirty-minute operating reserve,

23.4.2.1.5 ExtL10NF, , designates the Pass p hour h non-
synchronized ten-minute operating reserve price;

23.4.2.1.6 P10NRef; designates the Pass p hour h /ocational
marginal price for non-synchronized ten-minute operating
reserve at the reference bus,

23.4.2.1.7 P10NIntCong, , designates the Pass p hour h internal

congestion component for non-synchronized ten-minute
operating reserve,

23.4.2.1.8 P10NExtCong), , designates the Pass p hour h intertie

congestion component for non-synchronized ten-minute
operating reserve; and

23.4.2.1.9 ORREG,;< ORREG designates the subset of ORREG
consisting of regions that include bus d.

23.4.2.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the reference
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bus, an internal congestion component and an /ntertie congestion
component for Pass p at intertie zone bus d € D, in intertie zone a€ A
in hour A€ {1,.., 24}, for each class of operating reserve, subject to
sections 0 and 0, as follows:

InitExtL30RP;},
= InitP30RRef} + InitP30RIntCong, ,
+ InitP30RExtCongy, ,

where
InitP30RRef,Y = SP30R};
InitP30RIntCongy ,
= Z SPREGMin30R}, ,
TEORREGq4
+ Z SPREGMax30R}, . ;
TEORREG,
and
InitP30RExtCong}, ,
= z 0.5 (EnCoeff,, + 1) - SPExtT},
ZE€Zsch
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23.4.2.3

InitExtL10NP,
= ITnJItPloNRefhp + InitPlONIntCong,f‘d
+ InitP10NExtCongy, ,

where
InitP10NRef,Y = SP10R} + SP30R};

InitP10NIntCongy, ,

= Z (SPREGMin10Ry,
TEORREG
+ SPREGMin30RY}, )

+ Z (SPREGMax10R}, .
TEORREGy
+ SPREGMax30R}, )

and
InitP10NExtCongy, ,
= Z 0.5 - (EnCoeff,, + 1) - SPExtTy,

ZEZsch

If the initial /ocational marginal price (lnitExtLBOREZ ,) is not within

the settlement bounds (ORPrcFir, ORPrcCeil), then the day-ahead
market calculation engine shall modify the initial /ocational marginal
price, the locational marginal price at the reference bus, and the
external congestion component for thirty-minute operating reserve as
follows:

IntL30R = InitP30RRef,” + InitP30RIntCong}, ,
If InitP30RRef,’ > ORPrcCeil ,P30RRef; = ORPrcCeil ;

If InitP30RRef;’ < ORPrcFlr,P30RRef,’ = ORPrcFlr;
Otherwise, P30RRef;’ = InitP30RRef;;

Set P30RIntCong}, ; = ExtL30RP,, — P30RRef;
If InitExtL30RP}, > ORPrcCeil ,ExtL30RP;, = ORPrcCeil;

If InitExtL30RPY, < ORPrcFlr, ExtL30RP;, = ORPrcFlr;
Otherwise, ExtL30RP}, = InitExtL30RP},; and

Set P30RExtCong}, ; = ExtL30RP}, — P30RRef;,’ — P30RIntCongy, ,
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23.4.2.4 If the initial /ocational marginal price (InitExtLlONP,fb) is not within

the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead
market calculation engine shall modify the initial /ocational marginal
price, the locational marginal price at the reference bus, and the
external congestion component for ten-minute operating reserve as
follows:

IntL10N = InitP10NRef? + InitP10NIntCong}, ,
If InitP10NRefF > ORPrcCeil ,P1ONRef’ = ORPrcCeil ;

If InitP10NRef,, < ORPrcFlr,P10NRef! = ORPrcFlr;
Otherwise, P10NRef = InitP10NRef};

Set P10NCong},, = L10NP}, — P10NRef;’
If InitExtL10NP}, > ORPrcCeil ,ExtL10NPY, = ORPrcCeil;

If InitExtL10NP?, < ORPrcFlr, ExtL10NP,, = ORPrcFlr;
Otherwise, ExtL10NP}, = InitExtL10NP;,; and

Set P1O0NExtCong? , = ExtL10NPP, — P1ONRefP — P10NIntCong?
Ih,d h,b h Ih,a

23.4.2.5 The /ocational marginal price calculated by the day-ahead market
calculation engine shall be the same for all boundary entity resource
buses at the same /ntertie zone. Reserve imports associated with the
same boundary entity resource bus, but specified as occurring at a
different /intertie zone, subject to phase shifter operation, shall be
modelled as flowing across independent paths. Pricing of these
reserve imports shall utilize shadow prices associated with /ntertie
limits and regional minimum and maximum operating reserve
requirements applicable to the path associated to the relevant /intertie
zone.

23.4.2.6 When an /ntertie zone is out-of-service, the intertie limits for that
Intertie zone will be set to zero and all boundary entity resources for
that intertie zone will receive a zero schedule for energy and
operating reserve and the intertie operating reserve prices shall be set
equal to the /locational marginal price for the reference bus for that
class of operating reserve plus the applicable shadow prices
associated with regional minimum and maximum operating reserve
requirements.
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23.5 Pricing for Islanded Nodes

23.5.1 For non-quick start resources that are not connected to the main island, the day-
ahead market calculation engine may use the following reconnection logic where
enabled by the JESOin the order set out below to calculate the /ocational
marginal prices for energy:.

23.5.1.1 Determine the connection paths over open switches that connect the
non-quick start resource to the main island.

23.5.1.2 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; and

23.5.1.3 Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.

23.5.2 For all (i) resources other than those specified in section 0 not connected to the
main Island; (ii) norn-quick start resources where a price was not able to be
determined in accordance with section 0; the day-ahead market calculation
engine shall use the following logic in the order set out below to calculate
locational marginal prices, using a node-level and 7acility~level substitution list
determined by the JESO:

23.5.2.1 Use the /locational marginal price for energy at a node in the node-
level substitution list where defined and enabled by the JESO,
provided such node is connected to the main island:

23.5.2.2 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes at the same voltage level within the
same facility that are connected to the main island:

23.5.2.3 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes within the same 7acility that are
connected to the main island:

23.5.2.4 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes from another facility that is connected to
the main island, as determined by the facility~level substitution list
where defined and enabled by the JESO; and

23.5.2.5 If a price is unable to be determined in accordance with sections 0
through 0, use the /locational marginal price for energy for the
reference bus.
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Note: The existing Appendix 7.5A- The DACP Calculation Engine Process has
been deleted in its entirety and replaced with the new Appendix 7.5A- The Pre-
Dispatch Calculation Engine Process

Appendix 7.5A — The Pre-Dispatch
Calculation Engine Process

1.1 Purpose

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

2 Pre-Dispatch Calculation Engine

2.1 Pre-Dispatch Look-Ahead Period

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

2.1.1.1

2.1.1.2

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

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

2.2 Pre-Dispatch Calculation Engine Pass

2.2.1
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The pre-dispatch calculation engine shall execute one pass, Pass 1,
the Pre-Dispatch Scheduling Process Pass, in accordance with section
0, to produce pre-dispatch schedules, commitments and /ocational
marginal prices:
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3 Information Used by the Pre-Dispatch
Calculation Engine

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

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

4.1 Fundamental Sets and Indices
4.1.1 A designates the set of all intertie zones;

4.1.2 B designates the set of buses identifying all dispatchable and non-
dispatchable resources within Ontario;

4.1.3 BP¢ c B designates the set of buses identifying dispatchable
generation resources,

4.1.4 BPL c B designates the set of buses identifying dispatchable loads,

4.1.5 BFLR < BPG designates the subset of buses identifying energy limited
resources,

4.1.6 BPR ¢ B designates the set of buses identifying Aourly demand
response resources,

4.1.7 B"E ¢ BP¢ designates the subset of buses identifying dispatchable
hydroelectric generation resources;

4.1.8 A(B"F) designates the set of all subsets of the set B,

4.1.9 BY < o B"F) designates the set of buses identifying all upstream
dispatchable hydroelectric generation resources with a registered
forebay that are linked via time lag and MWh ratio dispatch data with
downstream dispatchable hydroelectric generation resources with a
registered forebay;

4.1.10 BHE ¢ o BHF) designates the set of buses identifying all downstream
dispatchable hydroelectric generation resources with a registered
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forebay that are linked via time lag and MWh ratio dispatch data with
upstream dispatchable hydroelectric generation resources with a
registered forebay;

4.1.11 BYE ¢ B"F designates the subset of buses identifying dispatchable
hydroelectric generation resources in set s€ SHE;

4.1.12 BMPG¢ ¢ B designates the set of buses identifying non-dispatchable
generation resources,

4.1.13 BNOWDE ¢ pPSU designates the subset of buses identifying pseudo-
units that cannot provide ten-minute operating reserve from the duct
firing region;

4.1.14 BV ¢ BP¢ designates the subset of buses identifying dispatchable
non-quick start resources;

4.1.15 BSU ¢ BVeS designates the subset of buses identifying pseudo-units,

4.1.16 BREG ¢ B designates the set of internal buses in operating reserve
region r€ ORREG,

4.1.17 BT c BV designates the subset of buses identifying pseudo-units
with a share of steam turbine resource p € PST;

4.1.18 B"¢ c BP¢ designates the subset of buses identifying dispatchable
variable generation resources;

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

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

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

4.1.22 DREG ¢ D designates the set of intertie zone buses identifying
boundary entity resources in operating reserve region re ORREG;

4.1.23 DX < D designates the subset of intertie zone buses identifying
boundary entity resources that correspond to export bids;
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4.1.24 DI € D designates the subset of /ntertie zone buses identifying
boundary entity resources that correspond to import offers;

4.1.25 D, < D designates the set of all buses identifying boundary entity
resources in intertie zone a € 4;

4.1.26 DI, < D, designates the subset of /intertie zone buses identifying
boundary entity resources that correspond to import offersin intertie
Zone a€ 4;

4.1.27 DISAPEX ¢ pI designates the intertie zone source buses identifying
import offers flagged as capacity imports in time-step ¢€ {4,..,n,4p};

4.1.28 DIFM c DI designates the intertie zone buses corresponding to
emergency energy import transactions for time-step t€ T&;

4.1.29 DIEMNS ¢ pIEM designates the /ntertie zone buses corresponding to
emergency energy import transactions that do not support emergency
energy export transactions in time-step t€ 7,

4.1.30 DI'NF ¢ pI designates the /ntertie zone buses corresponding to
inadvertent energy payback import transactions for time-step te 75;

4.1.31 DX, <€ D, designates the subset of /ntertie zone buses identifying
boundary entity resources that correspond to export bids in intertie
Zone a€ 4;

4.1.32 DXSAPEX c px designates the intertie zone sink buses identifying
export bids flagged as capacity exports in time-step ¢

4.1.33 DXNP ¢ DX designates the intertie zone buses corresponding to
inadvertent energy payback export transactions for time-step t€ 7&;

4.1.34 DXEM c DX designates the intertie zone buses corresponding to
emergency energy export transactions for time-step t€ 7s;

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

4.1.36 F, € F designates the set of facilities whose pre-contingency limit was
violated in time step tas determined by a preceding security
assessment function iteration;
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4.1.37 F,. € F designates the set of 7acilities whose post-contingency limit for
contingency c is violated in time step t as determined by a preceding
security assessment function iteration;

4.1.38 ]fb designates the set of bid laminations for energy at bus b€ BuU DX
for time-step te 75

4.1.39  /19° designates the set of offer laminations for synchronized ten-
minute operating reserve at bus b € B for time-step te€ 7S

4.1.40 /29 designates the set of reference level value laminations for
synchronized ten-minute operating reserve at bus b € B for time-step
te TS

4.1.41 ]},?,N designates the set of offerlaminations for non-synchronized ten-
minute operating reserve at bus be Bu DX for time-step te TS

4.1.42 /39" designates the set of reference level value laminations for non-
synchronized ten-minute operating reserve at bus b € B for time-step
te TS

4.1.43 52"' designates the set of offer laminations for thirty-minute operating
reserve offer at bus be Bu DX for time-step te T

4.1.44  J'}9F designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for time-step t€ T5;

4.1.45 K2 < K%, designates the set of offer laminations for energy
corresponding to the duct firing region of a pseudo-unit at bus
b € BSU for time-step t€ TS

4.1.46 KPR < K7, designates the set of offer laminations for energy
corresponding to the dispatchable region of a pseudo-unit at bus
b € B™U for time-step t€ TS

4.1.47 be designates the set of offerlaminations for energy at bus
be BU DI for time-step te TS

4.1.48 K%, designates the set of reference level value laminations for energy
at bus b € Bfor time-step te TS
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4.1.49 KEPMLP designates the set of offer laminations for energy quantities up

to the minimum loading point for a non-quick start resource at
bus b € BN%for time-step t€ TS

4.1.50  Kj™-"designates the set of reference level value laminations for
energy quantities up to the minimum loading point reference level for
a non-quick start resource at bus b € BV for time-step te TS

4.1.51 K;® designates the set of offer laminations for synchronized ten-
minute operating reserve at bus b € B for time-step t€ TS

4.1.52  KLY)S designates the set of reference level value laminations for

synchronized ten-minute operating reserve at bus b € B for time-step
te TS;

4,1.53 K39 designates the set of offer laminations for non-synchronized ten-
minute operating reserve at bus b€ Bu DI for time-step t€ TS

4.1.54 KX designates the set of reference level value laminations for non-

synchronized ten-minute operating reserve at bus b € Bfor time-step
te TS;

4.1.55 E%R designates the set of offer laminations for thirty-minute
operating reserve at bus be BU DI for time-step te TS

4.1.56  K'20F designates the set of reference level value laminations for
thirty-minute operating reserve at bus b e Bfor time-step te TS

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

4.1.58 LyPt ¢ 1, designates the buses contributing to the zonal price for non-
dispatchable load zone y€ Y;

4.1.59 LVIRT c I, designates the buses contributing to the virtual zonal price
for virtual transaction zone m € M,

4.1.60 M designates the set of virtual transaction zones;

4.1.61 NCA designates the set of narrow constrained areas;
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4.2

4.2.1

4.1.62

4.1.63

4.1.64

4.1.65

4.1.66

4.1.67

4.1.68

4.1.69

4.1.70

4.1.71

4.1.72

4.1.73

DCA designates the set of dynamic constrained areas,
BCA designates the set of broad constrained areas;

PST designates the set of steam turbine resources offered as part of a
pseudo-unit;

SHE designates the set indexing the sets of dispatchable hydroelectric
generation resources with a maximum daily energy limit or a
minimum daily energy limit or both for a registered forebay;

THERM = { COLD, WARM,HOT} designates the set of thermal states for
non-quick start resources;

TS=1{2,.,n;,p} designates the set of all time-steps in the look-ahead
period that are included in the pre-dispatch calculation engine

optimization, where n,,, designates the number of time-steps in the
look-ahead period;

TSwq € TS designates the time-steps in the look-ahead period that
are part of the current dispatch day,

TS:,m S TS designates the time-steps in the look-ahead period that
are part of the next dispatch aay;

7SC, < TS designates the set of time-steps representing the first hour
of a day-ahead operational commitment for the resource at bus b€ B,

tom € TS;om designates the first time-step of the next dispatch aay;
Y designates the non-dispatchable load zones in Ontario; and

Zs., designates the set of all /ntertie limit constraints.

Market Participant Data Parameters

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

BNDG.

4.2.1.1

QNDG, ;. designates the maximum incremental quantity of energy
that may be scheduled in time-step ¢€ TS in association with offer
lamination k€ &7,; and
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4.2.1.2  PNDG,, designates the price for the maximum incremental quantity
of energy in time-step t€ TS in association with offer lamination ke

Ky
4.2.2 With respect to a dispatchable generation resource identified by bus b€ BC:

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

4.2.2.2 QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in time-step
t€ TSin association with offer lamination k€ K7%,;

4.2.2.3  PDG,, designates the price for the maximum incremental quantity of
energy in time-step t€ 7S in association with offer lamination k€ be;

4.2.2.4  QL0S5DG,,, designates the maximum incremental quantity of
synchronized ten-minute operating reserve in time-step te 7Sin
association with offer lamination k€ K;5°;

4.2.2.5 P10SDG, ), designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in time-step
t€ TS in association with offerlamination k€ K}5°;

4.2.2.6 Q10NDG, ), designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve in time-step te 7Sin
association with offer lamination k€ K33";

4.2.2.7  P1ONDG,, designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-
step t€ TSin association with offer lamination k€ K30";

4.2.2.8 Q@30RDG, , designates the maximum incremental quantity of thirty-
minute operating reserve in time-step t€ 75 in association with offer
lamination k€ K397

4.2.29  P30RDG,, designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step te 7Sin
association with offer lamination ke K35%;

4.2.2.10 ORRDG), designates the maximum operating reserve ramp rate in MW
per minute;
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4.2.3

4.2.2.11 NumRRDG,, designates the number of ramp rates provided in time-
step te 75;

4.2.2.12  RmpRngMaxDG,,,,, for we {1,.,NumRRDG, ,} designates the w'" ramp
rate break point in time-step te 75 ;

4.2.2.13  URRDG,,,, for we {1,.,NumRRDG, ,} designates the ramp rate in MW
per minute at which the resource can increase the amount of energy
it supplies in time-step te 7§ while operating in the range between
RmpRngMaxDG,,,,., and RmpRngMaxDG, j,,,, Where
RmpRngMaxDG,, shall be equal to zero;

4.2.2.14 DRRDG,,,, for we {1,.,NumRRDG, ,} designates the ramp rate in MW
per minute at which the resource can decrease the amount of energy
it supplies in time-step te 7S while operating in the range between
RmpRngMaxDG,y, ., and RmpRngMaxDG, p,,, Where
RmpRngMaxDG,,, shall be equal to zero;

4.2.2.15 RLP30R,, designates the reserve loading point for thirty-minute
operating reserve in time-step te 75, and

4.2.2.16  RLP10S,, designates the reserve loading point for synchronized ten-
minute operating reserve in time-step te€ T5.

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

4.2.3.1 LT}, designates the /ead timein dispatch aay q € DAYS for thermal
state me€ THERM;

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

MGODG,, = SNL,,+ Z PLTMLP, 4 1-QLTMLE, .
keRLTMLP

4.2.3.3 MGBRTDG,,, designates the minimum generation block run-time
within dispatch day q € DAYS;

4.2.3.4  MaxStartsDG,, designates the maximum number of starts per day
within dispatch day g € DAYS;
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4.2.3.5  MGBDTDG,7" designates the minimum generation block down-time
for a hot thermal state within dispatch day q € DAYS;

4.2.3.6  MGBDTDG, ;"™ designates the minimum generation block down-time
for a warm thermal state in dispatch day q € DAYS;

4.2.3.7  MGBDTDG.3* designates the minimum generation block down-time
for a cold thermal state in dispatch day q € DAYS;,

4.2.3.8  PLTMLPF,,, designates the price for the maximum incremental
quantity of energy up to the minimum loading point that may be
scheduled in time-step t€ 7S in association with offer lamination
ke KéZMLP;

4.2.3.9 QLTMLP,, designates the maximum incremental quantity of energy
up to the minimum loading point that may be scheduled in time-step
t€ TS in association with offer lamination k€ K2},

4.2.3.10 Rampkg),,, designates the ramp up energy to minimum loading point
in dispatch day q € DAYS for we {1,.,RampHrs,),,} and thermal state
m€ THERM;

4.2.3.11  RampHrs,), designates the ramp hours to minimum loading point in
dispatch day q € DAYS for thermal state m e THERM,

4.2.3.12  SNL,, designates the speed no-load offer in time-step t€ T5;

4.2.3.13  SUDGY), designates the start-up offerin time-step t€ 7S for thermal
state m€ THERM;

4.2.3.14 SUDG™ designates the start-up offer used to evaluate the day-
ahead operational commitment starting in time-step t€ 75Cy;

4.2.3.15 SUAdeG’t”b designates the start-up offer that the optimization
function will evaluate in time-step ¢ € 75 under thermal state m.

4.2.4 With respect to an energy limited resource identified by bus b € B#L:

4.2.4.1 MaxDEL,, designates the maximum daily energy limit for a single

resource with or without a registered forebay within dispatch day
g € DAYS.
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4.2.5 With respect to a dispatchable hydroelectric generation resource identified by
bus b € B"E:

4.2.5.1  MinHMR,, designates the hourly must-run value in time-step t€ 75,
4.2.5.2  MinHO,, designates the minimum hourly output in time-step t€ T5;

4.2.5.3 MinDEL, designates the minimum daily energy limit for a single

resource with of without a registered forebay within dispatch day
g€ DAYS.;

4.2.5.4  MaxStartsHE,, designates the maximum number of starts per day
within dispatch day q € DAYS;

4.2.5.5 StartMW,,; for i € {1,.,NStartMW,} designates the start indication
value for measuring maximum number of starts per day, a start is
counted between time-step tand (¢+ 1) if the schedule increases
from below StartMW),; to at or above StartMW},;; and

4.2.5.6 (ForL,,,;, ForUgy,) for i € {1,.,NFor,,} designates the lower and

upper limits of the forbidden regions and indicate that the resource
cannot be scheduled between ForL,;, and Fort,, ; for all

i € {1,.,NFor,,} within dispatch day q € DAYS.

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

4.2.6.1 MaxSDEL, . designates the maximum daily energy limit shared by all

dispatchable hydroelectric generation resources in set s € SHE for
dispatch day q € DAYS; and

4.2.6.2  MinSDEL,, designates the minimum daily energy limit shared by all

dispatchable hydroelectric generation resources in set s € SHE within
dispatch day q € DAYS.

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

4.2.7.1  LNK, < Bl xBj? designates the set of linked dispatchable

hydroelectric generation resources for dispatch day q € DAYS, where
LNK, designates a set with elements of the form (b4,, b,) where b, €

Bli¥and b, € BIE,
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4.2.8

4.2.9

4.2.7.2  Lagyp, », €1{0,.,23} designates the time /ag in hours between
upstream dispatchable hydroelectric generation resources b, € B’Zf
and downstream dispatchable hydroelectric generation resources
b, € B’J,‘;E for (b,,b,) € LNK, for dispatch day q € DAYS; and

4.2.7.3  MWhRatiogy,, 1, designates the MWh ratio between upstream
dispatchable hydroelectric generation resources b, € Bli; and
downstream dispatchable hydroelectric generation resources b, € BXE
for (by,b;) € LNK, for dispatch day q € DAYS.

With respect to a pseudo-unitidentified by bus » e B™V:

4.2.8.1  STShareMLF, designates the steam turbine resource’s share of the
minimum loading point region;

4.2.8.2  STShareDR, designates the steam turbine resource’s share of the
dispatchable region;

4.2.8.3 RampCTy), ,, designates the quantity of energy injected w hours

before the pseudo-unit reaches its minimum loading pointin dispatch
day q € DAYS and thermal state m e THERM that is attributed to the
combustion turbine resource for we {1,.,RampHrs,),}; and

4.2.8.4  RampST,), , designates the quantity of energy injected w hours

before the pseudo-unit reaches its minimum loading pointin dispatch
day q € DAYS for thermal state m € THERM that is attributed to the
steam turbine resource for we {1,.,RampHrs),}.

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

4.2.9.1 @DL,,; designates the maximum incremental quantity of energy that
may be scheduled in time-step t€ 7S in association with bid
lamination j € /5,

4.29.2  PDL,,; designates the price for the maximum incremental quantity of
energy in time-step t€ 7.5 in association with bidlamination je /fb;

4.2.9.3 Q10SDL,,; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in
time-step t€ 7:Sin association with offer lamination j € /.5%;
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4.2.9.4  P10SDL,;; designates the price for the maximum incremental
quanitity of synchronized ten-minute operating reserve in time-step
t€ TS in association with offer lamination ;€ /;35;

4.2.9.5 Q10NDL,,; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in

time-step t€ 7:in association with offer lamination j€ /;3";

4.2.9.6  P10NDL,,; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-
step t€ TSin association with offer lamination ;€ /;3";

4.2.9.7 @30RDL,,; designates the maximum increamental quantity of thirty-
minute operating reserve that may be scheduled in time-step t€ 7Sin
association with offer lamination j€ £9%;

4.2.9.8  P30RDL,;; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step te 75in
association with offer lamination je £5%;

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

4.2.9.10 NumRRDL,, designates the number of ramp rates provided in time-
step te 75;

4.2.9.11 RmpRngMaxDL,,,, for we {1,.,NumRRDL,,} designates the w™ ramp
rate break point in time-step te 755;

4.2.9.12 URRDL,,,, for we {1,.,NumRRDL, ,} designates the ramp rate in MW
per minute at which the dispatchable load can increase its amount of
energy consumption in time-step te 7S while operating in the range
between RmpRngMaxDL,y, ., and RmpRngMaxDLy, ,,, Where
RmpRngMaxDL, , , shall be equal to zero;

4.2.9.13 DRRDL,},,, for we {1,.,NumRRDL, ,} designates the ramp rate in MW
per minute at which the dispatchable load can decrease its amount of
energy consumption in time-step te 7§ while operating in the range
between RmpRngMaxDL,y,,., and RmpRngMaxDL; ,,, Where
RmpRngMaxDL, ,, shall be equal to zero; and

4.2.9.14 QDLFIRM,, designates the quantity of energy that is bid at the
maximum market clearing price in time-step te 75.
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4.2.10

4.2.11

With respect to an hourly demand response resource identified by bus b € B#PR:

4.2.10.1

4.2.10.2

4.2.10.3

4.2.10.4

QHDR,; designates an maximum incremental quantity of reduction in
energy consumption that may be scheduled in time-step ¢t€ 7Sin
association with bid lamination ;€ /7,;

PHDR,, ; designates the price for the maximum incremental quantity
of reduction in energy consumption for time-step t€ 7.5 in association
with bid lamination ;€ /7,;

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

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

With respect to a boundary entity resource import from intertie zone bus d € DI,
where the /ocational marginal price represents the price for the intertie metering

point.

4.2.11.1

4.2.11.2

4.2.11.3

4.2.11.4

4.2.11.5

QIG, ;, designates the maximum incremental quantity of energy that
may be scheduled to import in time-step € 7:Sin association with
offer lamination k€ K7 ;

PIG, 4, designates the price for the maximum incremental quantity of
energy may be scheduled to import in time-step € 7.5 in association
with offerlamination k€ K%

Q10NIG, 4 designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in

time-step t€ 7:Sin association with offer lamination k€ K}%";

P1ONIG, 4 designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-
step t€ TSin association with offer lamination k€ K;5";

@30RIG, 4 designates the maximum incremental quantity of thirty-
minute operating reserve quantity that may be scheduled in time-step
te TSin association with offer lamination k€ £25%; and
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4.2.11.6  P30RIG,,, designates the price for the maximum incremental quantity
of thirty-minute operating reserve in time-step t€ 75 in association
with offerlamination k€ K%~

4.2.12 With respect to a boundary entity resource export to intertie zone sink bus
d € DX, where the /ocational marginal price represents the price for the intertie
metering point.

4.2.12.1  QXL.,; designates the maximum incremental quantity of energy that
may be scheduled to export in time-step ¢€ 7.5 in association with bid
lamination j € /£,

4.2.12.2  PXL.,; designates the price for the maximum incremental quantity of
energy that may be scheduled to export in time-step ¢t€ 7Sin
association with b/id lamination ;€ ]fd;

4.2.12.3  Q10NXL,,; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to
provide in time-step t€ 7:in association with offer lamination j€ /;%";

4.2.12.4 P10NXL,.,; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-

step ¢€ TSin association with offer lamination ;€ /;5";

4.2.12.5 (@0RXL,,; designates the maximum incremental quantity of Airty-
minute operating reserve that may be scheduled to provide in time-
step € TSin association with offer lamination j€ /25%; and

4.2.12.6  P30RXL,,; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in time-step t€ 75 in association
with offer lamination ;€ /o~

4.2.13 With respect to a /inked wheeling through transaction:

4.2.13.1 L,< DXxDI designates the set of linked boundary entity resource
import and export buses corresponding to /inked wheeling through
transactions, where L, is a set with elements of the form (dx, di)
where dxe DXand die DI.

4.3 IESO Data Parameters

4.3.1 Variable Generation Forecast
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4.3.2

4.3.3

4.3.1.1  FG,, designates the JESO’s centralized variable generation forecast
for a variable generation resource identified by bus b€ B'¢ in time-
step te 7S.

Variable Generation Tie-Breaking

4.3.2.1 NumVG, designates the number of variable generation resources in
the daily dispatch order for time-step ¢t€ 75, and

4.3.2.2 TBM,, € {1,.,NumVG,} designates the tie-breaking modifier for the
variable generation resource at bus b€ B"¢ for time-step t€ TS.

Intertie Curtailments

4.3.3.1 ICMaxXL,, designates the maximum limit on the quantity of energy

scheduled for export to /ntertie zone sink bus de DX and time-step
te TS as the result of an /ntertie curtailment;

4.3.3.2 ICMinXL, , designates the minimum limit on the quantity of energy
scheduled for export to /ntertie zone sink bus de DX and time-step
t€ TS as the result of an /ntertie curtailment;

4.3.3.3 ICMaxIG, ; designates the maximum limit on the quantity of energy

scheduled for import from /ntertie zone source bus de DI and time-

step te TS as the result of an /ntertie curtailment;

4.3.3.4  ICMax10NIG, ; designates the maximum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from

Intertie zone source bus de DI and time-step t€ 75 as the result of
Intertie curtailment;

an

4.3.3.5  ICMax30RIG,, designates the maximum limit on the quantity of thirty-

minute operating reserve scheduled for import from /intertie zone
source bus de€ DIand time-step t€ 7S as the result of an /intertie
curtailment;

4.3.3.6  ICMinlG,, designates the minimum limit on the quantity of energy

scheduled for import from intertie zone source bus d € DI and time-

step t€ TS as the result of an intertie curtailment;

4.3.3.7  ICMin10NIG,, designates the minimum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from

Intertie zone source bus de DI and time-step t€ 75 as the result of
Intertie curtailment; and

an
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4.3.3.8 ICMin30RIG, ; designates the minimum limit on the quantity of #hirty-
minute operating reserve scheduled for import from /intertie zone
source bus de€ DIand time-step t€ 75 as the result of an /ntertie
curtailment.

4.3.4 Operating Reserve Requirements

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

4.3.4.2 TOT10R,designates the total ten-minute operating reserve
requirement;

4.3.4.3 TOT30R,designates the thirty-minute operating reserve requirement;

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

4.3.4.5 REGMin10R,, designates the minimum requirement for total ten-
minute operating reserve in region re ORREG in time-step t€ T5;

4.3.4.6  REGMin30R,, designates the minimum requirement for thirty-minute
operating reserve in region re ORREG in time-step t€ TS,

4.3.4.7  REGMax10R,, designates the maximum amount of total fen-minute
operating reserve that may be scheduled in region re ORREG in time-
step te 7S, and

4.3.4.8  REGMax30R,, designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region re ORREG in time-
step te 7S.

4.3.5 Intertie Limits

4.3.5.1  EnCoeft,, designates the coefficient for calculating the contribution of
scheduled energy flows and operating reserve inflows for intertie zone
a€ A, which is part of /ntertie limit constraint z € Zg,. A coefficient of
+ 1 shall describe flows into Ontario while a coefficient of —1 shall
describe flows out of Ontario;

4.3.5.2  MaxExtSch,, designates the maximum flow limit for /ntertie flow
constraint z € Zg,in time-step t€ 75;
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4.3.6

4.3.5.3

4.3.5.4

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

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

Resource Minimum and Maximum Constraints

4.3.6.1

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

4.3.6.1.1 MinDL,, designates the most restrictive minimum
consumption limit for the dispatchable load at bus b € B

4.3.6.1.2 MaxDL,, designates the most restrictive maximum
consumption limit for the dispatchable load at bus b€ BL;

4.3.6.1.3 MinNDG,, designates the most restrictive minimum output
limit for the non-dispatchable generation resource at bus
be B,

4.3.6.1.4 MaxNDG,, designates the most restrictive maximum
output limit for the non-dispatchable generation resource
at bus pe BNPC,

4.3.6.1.5 MinDG,, designates the most restrictive minimum output
limit for the dlispatchable generation resource at bus b e
BDG;

4.3.6.1.6 MaxDG,, designates the most restrictive maximum output
limit for the dispatchable generation resource at bus b e
BDG;
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4.3.6.1.7 MaxMLFE,;, designates the maximum output limit in time-
step tfor the minimum loading point region of a pseudo-
unit at bus b € B*Y;

4.3.6.1.8 MaxDR,, designates the maximum output limit in time-
step tfor the dispatchable region of a pseudo-unit at bus
b € BY;

4.3.6.1.9 MaxDF,;, designates the maximum output limit in time-step
t for the duct firing region of a pseudo-unit at bus

4.3.6.1.10 MinHDR,, designates the minimum load reduction level
that may be scheduled for the Aourly demand response
resource at bus b€ B"Pk: and

4.3.6.1.11 MaxHDR,, designates the maximum load reduction level
that may be scheduled for the Aourly demand response
resource at bus be BPR,

4.3.7 Constraint violation penalties for time step t€ 7S:

4.3.7.1 (PLdViolSchy,;, QLdViolSch,;) for i€ {1,.,N,qy;,,} designates the price-

quantity segments of the penalty curve for under generation used by
the Pre-Dispatch Scheduling algorithm in section 0 and the Reference
Level Scheduling algorithm in section 12;

4.3.7.2  (PLdViolPrc,;,QLdViolPrc,;) for i€ {1,.,N, 4y} designates the price-

quantity segments of the penalty curve for under generation used by
the Pre-Dispatch Pricing algorithm in section 0 and Reference Level
Pricing algorithm in section 13;

4.3.7.3  (PGenViolSch,,;,QGenViolSch,;) for i€ {1,.,Ngenyio,} designates the
price-quantity segments of the penalty curve for over generation used
by the Pre-Dispatch Scheduling algorithm in section 0 and the
Reference Level Scheduling algorithm in section 12;

4.3.7.4  (PGenViolPrc,;,QGenViolPrc,;) for i€ {1,.,Nge,yip,} designates the

price-quantity segments of the penalty curve for over generation used
by the Pre-Dispatch Pricing algorithm in section 0 and Reference Level
Pricing algorithm in section 13;

4.3.7.5 (P10SViolSch,,;, Q10SViolSch,;) for i€ {1,.,Njsyip,} designates the
price-quantity segments of the penalty curve for the synchronized
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ten-minute operating reserve requirement used by the Pre-Dispatch
Scheduling algorithm in section 0 and the Reference Level Scheduling
algorithm in section 12;

4.3.7.6  (P10SViolPrc,;,Q10SViolPrc,;) for i€ {1,., Ny gy} designates the
price-quantity segments of the penalty curve for the synchronized
ten-minute operating reserve requirement used by the Pre-Dispatch
Pricing algorithm in section 0 and Reference Level Pricing algorithm in
section 13;

4.3.7.7 (P10RViolSch,;, Q10 RViolSch,;) for i€ {1,.,Nyoryio;,} designates the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Pre-Dispatch Scheduling
algorithm in section 0 and the Reference Level Scheduling algorithm
in section 12;

4.3.7.8  (P10RViolPrc,;, Q10RViolPrc,;) for i€ {1,.,Nyogyio,} designates the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Pre-Dispatch Pricing
algorithm in section 0 and Reference Level Pricing algorithm in section
13;

4.3.7.9 (P30RViolSch,;, @30 RViolSch,;) for i€ {1,.,N3oryio;,} designates the
price-quantity segments of the penalty curve for the total thirty-
minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement used by the Pre-Dispatch
Scheduling algorithm in section 0 and the Reference Level Scheduling
algorithm in section 12;

4.3.7.10  (P30RViolPrc,; @30 RViolPrc,;) for i€ {1,., N30y} designates the
price-quantity segments of the penalty curve for the total thirty-
minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement used by the Pre-Dispatch
Pricing algorithm in section 0 and Reference Level Pricing algorithm in
section 13;

4.3.7.11  (PREG10RViolSch,,;, QREG10RViolSchy;) for i € {1,.,Nggciorvior}
designates the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by
the Pre-Dispatch Scheduling algorithm in section 0 and the Reference
Level Scheduling algorithm in section 12;

4.3.7.12 (PREGlORWO]PI'C}J,QREGlORWO]PI‘CLI') for je {11"INRE010RV1'0]t}
designates the price-quantity segments of the penalty curve for area
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total ten-minute operating reserve minimum requirements used by
the Pre-Dispatch Pricing algorithm in section 0 and Reference Level
Pricing algorithm in section 13;

4.3.7.13  (PREG30RViolSch,;, QREG30RViolSch,,) for i € {1,.,Nrzgorvior}
designates the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Pre-Dispatch Scheduling algorithm in section 0 and the Reference
Level Scheduling algorithm in section 12;

4.3.7.14  (PREG30RViolPrc,;, QREG30RViolPrc,;) for i € {1,.,Ngzorviol}
designates the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Pre-Dispatch Pricing algorithm in section 0 and Reference Level
Pricing algorithm in section 13;

4.3.7.15  (PXREGLO0RViolSch,, QXREG10RViolSch,,) for i€ {1,.,Nxrgs10rvior}
designates the price-quantity segments of the penalty curve for area
total ten-minute operating reserve maximum restrictions used by the
Pre-Dispatch Scheduling algorithm in section 0 and the Reference
Level Scheduling algorithm in section 12;

4.3.7.16  (PXREGL0RViolPrc,;, QXREG10RViolPrcy;) for i€ {1,.,Nyrgs10rviol,}
designates the price-quantity segments of the penalty curve for area
total ten-minute operating reserve maximum restrictions used by the
Pre-Dispatch Pricing algorithm in section 0 and Reference Level
Pricing algorithm in section 13;

4.3.7.17  (PXREG30RViolSch,, QXREG30RViolSch,,) for i€ {1,.,Nxrgeorviol}
designates the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by
the Pre-Dispatch Scheduling algorithm in section 0 and the Reference
Level Scheduling algorithm in section 12;

4.3.7.18  (PXREG30RViolPrc,;, QXREG30 RViolPrcy;) for i € {1,.,Nxrgsorviol}
designates the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by
the Pre-Dispatch Pricing algorithm in section 0 and Reference Level
Pricing algorithm in section 13;

4.3.7.19  (PPrelTLViolSchy,; QPrelTLViolSch;) for 1€ {1,.,Nperryvior,,}

designates the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
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4.3.7.20

4.3.7.21

4.3.7.22

4.3.7.23

4.3.7.24

4.3.7.25

4.3.7.26

facility fe F used by the Pre-Dispatch Scheduling algorithm in section
0 and the Reference Level Scheduling algorithm in section 12;

(PPrelTLViolPrcg,;, QPrelTLViolPrcg,;) for i€ {1,.., Npyers Violg:}
designates the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility fe F used by the Pre-Dispatch Pricing algorithm in section 0
and Reference Level Pricing algorithm in section 13;

(PITLViolSchg, QITLViolSch, ) for i€ {1,.,NirLyio,,} designates the
price-quantity segments of the penalty curve for exceeding the
contingency ce€ € post-contingency limit of the transmission constraint
for facility fe F used by the Pre-Dispatch Scheduling algorithm in
section 0 and the Reference Level Scheduling algorithm in section 12;

(PITLViolPrc st QITLViolPrc,s,) for i€ {1,.,NirLyio, ..} designates the
price-quantity segments of the penalty curve for exceeding the
contingency ce€ € post-contingency limit of the transmission constraint
for facility fe Fused by the Pre-Dispatch Pricing algorithm in section 0
and Reference Level Pricing algorithm in section 13;

(PPreXTLViolSch,,;, QPreXTLViolSch,,,) for i€ {L,... Nprexrrvior, }
designates the price-quantity segments of the penalty curve for
exceeding the flow limit specified by ze€ Z., used by the Pre-Dispatch
Scheduling algorithm in section 0 and the Reference Level Scheduling
algorithm in section 12;

(PPreXTLViolPrc,; QPreXTLViolPrc,,;) for i€ {1,.,Npyexry Viol,}
designates the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z€ Z,, used by the Pre-Dispatch
Pricing algorithm in section 0 and Reference Level Pricing algorithm in
section 13;

(PNIUViolSch,;, @QNIUViolSch,,) for i € {1,.,Nyyyyi,,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢ net interchange increase constraint between time-steps (#-1)
and ¢t used by the Pre-Dispatch Scheduling algorithm in section 0 and
the Reference Level Scheduling algorithm in section 12;

(PNIUViolPrc,;,QNIUViolPrc,;) for i € {1,.,Nyyyyi,,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢ net interchange increase constraint between time-steps (#-1)
and ¢ used by the Pre-Dispatch Pricing algorithm in section 0 and
Reference Level Pricing algorithm in section 13;
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4.3.7.27  (PNIDViolSch,, QNIDViolSch,,) for i € {1,.,Nypyi,;,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢ net interchange decrease constraint between time-steps (#-1)
and tused by the Pre-Dispatch Scheduling algorithm in section 0 and
the Reference Level Scheduling algorithm in section 12;

4.3.7.28  (PNIDViolPrc,;, @QNIDViolPrc,;) for i € {1,..,Nypyio;,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢ net interchange decrease constraint between time-steps (#-1)
and tused by the Pre-Dispatch Pricing algorithm in section 0 and
Reference Level Pricing algorithm in section 13;

4.3.7.29  (PMaxDelViolSch,;, QMaxDelViolSch,;) for i € {1,.,Nyaxpeivior,}
designates the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 0 and the Reference Level
Scheduling algorithm in section 12;

4.3.7.30  (PMaxDelViolPrc,,QMaxDelViolPrc,;) for i € {1,.,Nyaxpervio,}
designates the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 0 and Reference Level Pricing
algorithm in section 13;

4.3.7.31  (PMinDelViolSch,, @QMinDelViolSch, ;) for i € {1,.,Nympervio} deSignates
the price-quantity segments of the penalty curve for under-scheduling
a resource’s minimum daily energy limit used by the Pre-Dispatch
Scheduling algorithm in section 0 and the Reference Level Scheduling
algorithm in section 12;

4.3.7.32  (PMinDelViolPrc,,QMinDelViolPrc,,) for i € {1,., Nyjnpevio} d€signates
the price-quantity segments of the penalty curve for under-scheduling
a resource’s minimum daily energy limit used by the Pre-Dispatch
Pricing algorithm in section 0 and Reference Level Pricing algorithm in
section 13;

4.3.7.33  (PSMaxDelViolSch,, QSMaxDelViolSch,,) for i € {1,.., Noyaxpervior,}

designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 0 and the Reference Level
Scheduling algorithm in section 12;

4.3.7.34  (PSMaxDelViolPrc,;, @QSMaxDelViolPrcy;) for i € {1,.,Nyaxpervios,}
designate the price-quantity segments of the penalty curve for
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4.3.8

4.3.7.35

4.3.7.36

4.3.7.37

4.3.7.38

4.3.7.39

exceeding a shared maximum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 0 and Reference Level Pricing
algorithm in section 13;

(PSMinDelViolSch, ;, QSMinDelViolSch, ;) for i € {1,., Ngyinpeior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 0 and the Reference Level
Scheduling algorithm in section 12;

(PSMinDelViolPrc,;, @QSMinDelViolPrc,;) for i € {1,.,Ngympevior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 0 and Reference Level Pricing
algorithm in section 13;

(POGenLnkViolSch,,Q0GenLnkViolSch,,) for i € {1,.., NogenLniviol,}
designate the price-quantity segments of the penalty curve for over
generation on a downstream resource used by the Pre-Dispatch
Scheduling algorithm in section 0 and the Reference Level Scheduling
algorithm in section 12;

(PUGenLnkViolSch, ;, QUGenLnkViolSch,;) for i € {1,.,Nygeninivios,}
designate the price-quantity segments of the penalty curve for under
generation on a downstream resource used by the Pre-Dispatch
Scheduling algorithm in section 0 and the Reference Level Scheduling
algorithm in section 12; and

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

Price Bounds

4.3.8.1

4.3.8.2

4.3.8.3

4.3.8.4

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

EngyPrcFir designates and is equal to the settlement floor price for
energy;

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

ORPrcFIr designates the minimum price for all classes of operating
reserve and is equal to $0.
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4.3.9 Ex-Ante Market Power Mitigation

4.3.9.1  BCACondThresh designates the threshold for the congestion
component of a resource’s locational marginal price for energy, above
which the resource will meet the broad constrained area condition,
and is equal to $25/MWh;

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

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

4.3.9.4  PDGRef,,, designates the reference level value for energy lamination
k'e K%, for the resource at bus b€ B¢ in time-step ¢€ 75,

4.3.9.5 P10SDGRef, - designates the reference level value for synchronized
ten-minute operating reserve lamination k'€ K.2* for the resource at
bus b€ B¢ in time-step t€ TS;

4.3.9.6  P1ONDGRef; ;- designates the reference level value for non-
synchronized ten-minute operating reserve lamination k'€ k%) for

the resource at bus b€ B¢ in time-step t€ TS;

4.3.9.7  P30RDGRef,; , designates the reference level value for thirty-minute
operating reserve lamination k'€ K ‘2’2"' for the resource at bus b€ B¢
in time-step te€ T5;

4.3.9.8  P10SDLRef; designates the reference level value for synchronized
ten-minute operating reserve lamination ;'€ /3% for the resource at

bus b€ BP" in time-step t€ TS

4.3.9.9  PIONDLRef,; designates the reference level value for non-
synchronized ten-minute operating reserve lamination ;'€ /2" for the
resource at bus b€ B! in time-step te TS

4.3.9.10 P30RDLRefy;; designates the reference level value for thirty-minute
operating reserve lamination ;'€ /;° for the resource at bus b€ B¢
in time-step t€ z

4.3.9.11 SUDGRef;, designates the reference level value for the start-up offer
for the resource at bus b€ BV? in time-step t€ TS,
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4.3.9.12

4.3.9.12

4.3.9.14

4.3.9.15

4.3.9.16

4.3.9.17

4.3.9.18

4.3.9.19

4.3.9.20

4.3.9.21

SNLRef,, designates the reference level value for the speed no-load
offer for the resource at bus be BV in time-step t€ TS

PLTMLPRef, , ,, designates the reference level value for the energy
up to the minimum loading point reference level lamination k' €
KiTMEP of the offer for the resource at bus b € BP¢ in time-step

te TS

CTEnThresh1V“4 designates the conduct threshold for a resourcein a
narrow constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%;

CTEnThresh2V“4 designates the conduct threshold for a resourcein a
narrow constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$25/MWh;

CTSUThresh"V4 designates the conduct threshold for a resourcein a
narrow constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to 25%;

CTSNLThresh"“! designates the conduct threshold for a resourcein a
narrow constrained area as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
25%;

CTEnThresh1”“! designates the conduct threshold for a resourcein a
dynamic constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%;

CTEnThresh2”“4 designates the conduct threshold for a resourcein a
dynamic constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$25/MWh;

CTSUThresh”“4 designates the conduct threshold for a resourcein a
dynamic constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to 25%;

CTSNLThresh?“ designates the conduct threshold for a resourcein a
dynamic constrained area as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
25%;
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4.3.9.22

4.3.9.23

4.3.9.24

4.3.9.25

4.3.9.26

4.3.9.27

4.3.9.28

4.3.9.29

4.3.9.30

4.3.9.31

CTEnThresh1%¢4 designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 300%;

CTEnThresh2?¢4 designates the conduct threshold for a resource in a
broad constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$100/MWh,;

CTSUThresh®“4 designates the conduct threshold for a resourcein a
broad constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to
100%;

CTSNLThresh?“4 designates the conduct threshold for a resourcein a
broad constrained area as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
100%;

CTEnThresh1“M" designates the global market power conduct
threshold for a resource as a percent increase above the reference
level value of the energy offer for the resource and is equal to 300%;

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

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

CTSNLThresh®™” designates the global market power conduct
threshold for a resource as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
100%;

CTORThresh1°F! designates the local market power conduct threshold
for a resource as a percent increase above the reference level value
of the operating reserve offer for the resource and is equal to 10%;

CTORThresh2°%" designates the local market power conduct
threshold for a resource as a $/MW increase above the reference level
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value of the operating reserve offer for the resource and is equal to
$25/MW;

4.3.9.32 CTEnThresh1°®L designates the local marker power conduct thershold
for energy to minimum loading point for a resource as a percent
increase above the reference level value of the offerfor energy up to
the minimum loading point for the resource and is equal to 10%;

4.3.9.33  CTEnThresh2°® designates the local maket power conduct threshold
for energy to minimum loading point conduct threshold for a resource
as a $/MW increase above the reference level value of the energy for
energy up to the minimum loading point for the resource and is equal
to $25/MW;

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

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

4.3.9.36 CTORThresh1°R¢ designates the global market power conduct
threshold for a resource as a percent increase above the reference
level value of the operating reserve offer for the resource and is equal
to 50%;

4.3.9.37 CTORThresh2°R¢ designates the global market power conduct
threshold for a resource as a $/MW increase above the reference level
value of the operating reserve offer for the resource and is equal to
$25/MW;

4.3.9.38  CTEnThresh1°F¢ designates the global market power conduct
thershold for energy to minimum loading point for a resource as a
percent increase above the reference level value of the offer for
energy up to the minimum loading point for the resource and is equal
to 50%;

4.3.9.39 CTEnThresh2°R¢ designates the global market power conduct
thershold for energy to minimum loading point for a resource as a
$/MW increase above the reference level value of the offer for energy
up to the minimum loading point for the resource and is equal to
$25/MW;
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4.3.9.40 CTSUThresh®R¢ designates the global market power conduct threshold
for a resource as a percent increase above the reference level value
of the start-up offer for the resource and is equal to 25%;

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

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

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

4.3.9.44 ITThresh1"4 designates the price impact threshold for a resource in
a narrow constrained area as a percent increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 13 and is equal to 50%;

4.3.9.45 [ITThresh2V4 designates the price impact threshold for a resource in
a narrow constrained area as a $/MWh increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 13 and is equal to
$25/MWh;

4.3.9.46 ITThresh1?“A designates the price impact threshold for a resourcein
a dynamic constrained area as a percent increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 13 and is equal to 50%;

4.3.9.47 ITThresh2?“! designates the price impact threshold for a resource in
a dynamic constrained area as a $/MWh increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 13 and is equal to
$25/MWh;

4.3.9.48 ITThresh1%4 designates the price impact threshold for a resourcein
a broad constrained area as a percent increase in the energy
locational marginal price output from section 0 above the energy
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locational marginal price output from section 13 and is equal to
100%;

4.3.9.49 ITThresh2?4 designates the price impact threshold for a resource in
a broad constrained area as a $/MWh increase in the energy
locational marginal price output from section 0 above the energy
locational marginal price output from section 13 and is equal
to$50/MWh;

4.3.9.50 ITThresh1“M? designates the global market power price impact
threshold for a resource as a percent increase in the energy locational
marginal price output from section 0 above the energy locational
marginal price output from section 13 and is equal to 100%;

4.3.9.51 ITThresh2™" designates the global market power price impact
threshold for a resource as a $/MWh increase in the energy locational
marginal price output from section 0 above the energy locational
marginal price output from section 13 and is equal to $50/MWh;

4.3.9.52 ITThresh1°R¢ designates the global market power price impact
threshold for a resource as a percent increase in the operating
reserve locational marginal price output from section 0 above the
operating reserve locational marginal price output from section 13
and is equal to 50%; and

4.3.9.53 ITThresh2°R¢ designates the global market power price impact
threshold for a resource as a $/MW increase in the operating reserve
locational marginal price output from section 0 above the operating
reserve locational marginal price output from section 13 and is equal
to $25/MW.

4.3.10 Weighting Factors for Zonal Prices

4.3.10.1  WF/%T designates the weighting factor for bus b€ L/F" used to
calculate the price for virtual transaction zone m e M for time-step
t€ TS and is equal to the weighting factor used in the day-ahead

market for the applicable hour;

4.3.10.2  WF;}; designates the weighting factor for bus b€ Z)”* used to
calculate the price for non-dispatchable load zone y € Y for time-step
t€ TS. The weighting factors shall be obtained by renormalizing the
load distribution factors so that for a given time-step the sum of
weighting factors for a non-dispatchable load zone is equal to one.

4.3.11 Day-Ahead Market Scheduled Intertie Transactions
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4.3.11.1  SIGT/™ designates the day-ahead market scheduled quantity of
import energy for intertie zone source bus d € DI in time-step
te {41"IHLAP};

4.3.11.2  S10NIGT/ designates the day-ahead market scheduled quantity of
non-synchronized ten-minute operating reserve for intertie zone
source bus d € DI'in time-step t€ {4,..,n;4p};

4.3.11.3  S30RIGT ™ designates the day-ahead market scheduled quantity of

thirty-minute operating reserve for intertie zone source bus d e DI'in
time-step t€ {4,..n;xp};

4.3.11.4  SXLTP{™ designates the day-ahead market scheduled quantity of
export energy for intertie zone sink bus d € DXin time-step
t€{4,.,n.4p};

4.3.11.5 ﬂONXLTﬁ;‘W designates the day-ahead market scheduled quantity of
non-synchronized ten-minute operating reserve for intertie zone sink
bus d € DXin time-step t€ {4,..,n,4p}; and

4.3.11.6  S30RXLTS{M designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone sink bus d € DXin
time-step t€ {4,..,n;p}.

4.3.12 Import Offers Without a Day-Ahead Market Schedule

4.3.12.1  SIGTZ™ designates the extra quantity of energy for import from
Intertie zone source bus de DI in time-step t€ {4,.,n,,p} that may be
considered for the purpose of reliability,

4.3.12.2  S10NIGTS{™ designates the extra quantity of non-synchronized ten-

minute operating reserve for import from /ntertie zone source bus
de DIin time-step t€ {4,.,n,4p} that may be considered for the
purpose of reliability; and

4.3.12.3  S30RIGT ™ designates the extra quantity of thirty-minute operating
reserve for import from intertie zone source bus d e DI in time-step
te {4,.,n,,p} that may be considered for the purpose of reliability.

4.4 Other Data Parameters

4.4.1 Non-Dispatchable Demand Forecast
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44.1.1 FL, designates the total province-wide non-dispatchable demand
forecast for time-step t€ 7S calculated by the security assessment
function.

4.4.2 Internal Transmission Constraints

44.2.1 PreConSF, s, designates the pre-contingency sensitivity factor for bus
b e Bu D indicating the fraction of energy injected at bus » which
flows on facility fduring time-step ¢ under pre-contingency conditions;

4.4.2.2  AdjNormMaxFlow,designates the limit corresponding to the
maximum flow allowed on facility fin time-step ¢ under pre-
contingency conditions;

4.4.2.3 SF,.rp designates the post-contingency sensitivity factor for bus
b€ BU D indicating the fraction of energy injected at bus 4 which
flows on facility fduring time-step t under post-contingency
conditions for contingency ¢, and

4.4.2.4  AdjEmMaxFlow,rdesignates the limit corresponding to the maximum
flow allowed on facility fin time-step ¢ under post-contingency
conditions for contingency c.

4.4.3 Transmission Losses

44.3.1 MglLoss, ), designates the marginal loss factor and represents the
marginal impact on transmission losses resulting from transmitting
energy from the reference bus to serve an increment of additional
load at resource bus b€ BU D in time-step te 7S, and

4.4.3.2  LossAdj, designates any adjustment needed for time-step te 7'Sto
correct for any discrepancy between Ontario total system losses
calculated using a base case power flow from the security assessment
function and linearized losses that would be calculated using the
marginal loss factors.

5 Initialization

5.1 Purpose

5.1.1 The initialization processes set out in this section 0 shall occur prior to the
execution of the pre-dispatch calculation engine described in section 0 above.
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5.2 Reference Bus

5.2.1 The IESO shall use Richview Transformer Station as the pre-dispatch calculation
engine’s default reference bus for the calculation of locational marginal prices.

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

5.3 Islanding Conditions

5.3.1 In the event of a network split, the pre-dispatch calculation engine shall:
5.3.1.1  only evaluate resources that are within the main island,
5.3.1.2  use only forecasts of demand forecast areas in the main island; and

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

54 Variable Generation Tie-Breaking

54.1 For each time-step ¢ € TS, each variable generation resource bus b € B¢ and each

offer lamination k € K7, the offer price PDG,;,; shall be modified to PDG,;; —
( TBMyp

) p, where pis a small nominal value of order 10*.
NumVG¢

5.5 Pseudo-Unit Constraints

5.5.1 Constraints for pseudo-units corresponding to minimum and maximum
constraints on physical resources shall be determined in accordance with section
22.

5.6 Dispatch Data Across Two Dispatch Days

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

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

_ (LNKtoq if DAYS = {tod}
LNKC {LNKtom if DAYS = {tod, tom}"
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LagCy, »,, Which designates the time /ag between dispatchable

5.6.1.2
hydroelectric generation resources (b,,b,) € LNKC and is defined by:

raoe . [LaGtoas,p, if DAYS = {tod}
I%bibe =\ Lagiomp,p,  if DAYS = {tod, tom}

5.6.1.3  MWhRatioC,, ;,, Which designates the MWWh ratio for dispatchable
hydroelectric generation resources (b,,b,) € LNKC and is defined by:

, MWHhRatiosq p, b, if DAYS = {tod}
MWhRatioCy, », = {MWhRatfomm,bl,bz if DAYS = {tod, tom}

MinQDGC,, which designates the minimum loading point for
dispatchable generation resource b€ B¢ and, subject to section 0, is

defined by:

5.6.1.4

' _ (MinQDGioqy if DAYS = {tod}
MinQDGCy = {MinQDGmm,b if DAYS = {tod,tom}’

MGBRTDGC,, which designates the minimum generation block run-
time for non-quick start resource be B¥?S and, subject to section 0, is

defined by:

5.6.1.5

MGBRTDGC, = | GBRTDGoay if DAYS = {tod}

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

5.6.1.6

MGBDTDG; , if DAYS = {tod}
MGBDTDGC]" = : .
MGBDTDG,, , if DAYS = {tod, tom}

LTG)', which designates the /ead time for non-quick start resource

5.6.1.7
b€ BYS for thermal state m € THERM and is defined by

LrCm — LT 5ap if DAYS = {tod}
b LT if DAYS = {tod,tom}
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5.6.2

5.6.3

5.6.1.8  RampHrsCj', which designates the ramp hours to minimum loading
point for a non-quick start resource b€ BV for thermal state
m€ THERM and is defined by:

RampHrs{y; ), if DAYS = {tod}

R HrsCi* = ’
ampHrsty {RampHrs;’;m,b if DAYS = {tod,tom}

5.6.1.9  RampECy, for we {1,.,RampHrsCy'}, which designates the ramp up

energy to minimum loading point for a non-quick start resourceb €
BN®S for thermal state me€ THERM and is defined by:

RampEtyq p if DAYS = {tod}

m _
RampECy,, = {RampEtn;m,b,w if DAYS = {tod,tom}

5.6.1.10 RampCTCy,, for we {1,.,RampHrsCy'}, which designates the ramp up

energy to minimum loading point for the combustion turbine resource
associated with the pseudo-unit at bus b e BSY for thermal state
m € THERM and is defined by:

RampCTihq b w if DAYS = {tod}

m —
RampCTCy), {RamPCngm,b,w if DAYS = {tod,tom}

5.6.1.11  RampSTCy!, for we {1,.,RampHrsCy'}, which designates the ramp up

energy to minimum loading point for the steam turbine resource’s
portion of the pseudo-unit at bus be B™Y for thermal state
m€ THERM and is defined by:

RampST{5q pw if DAYS = {tod}

m —
RampSTCy,, = {RampSngm'blw if DAYS = {tod,tom}

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

5.6.2.1  MinQDG,,;, and MGBRTDG,,,,, shall continue to be applied until the
commitment is complete; and

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

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

Page 224 of 508

Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



current dispatch day and the next day value shall be used for all dispatch hours
in the next dispatch day.

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

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

57.1.1 If the time-step ¢in the set of hours preceding the start-up time
tpam € TSC, of @ day-ahead operational commitmentin day g € DAYS
are such that ¢€ {max(tpsy-(MGBRTDG,,, +

MGBDTDGLI"), 2),...,tpars}, then:

If SUDG[), > SUDGyp", then set SUAdIDG,, = SUDGY),
If SUDGY), < SUDGy", then set SUAJDG], = SUDGy"

5.7.1.2  If the time-step tin the set of hours preceding the start-up time
tpam € TSC, of @ day-ahead operational commitmentin day g € DAYS
are offersuch that ¢¢ {max(tpsy-(MGBRTDG,,, +

MGBDTDGLI"), 2),...,tpars}, then:

SUAGIDG], = SUDGY},

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

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

5.8.1.1  For a non-quick start resource at bus b€ B"S that has not been
scheduled at or above its minimum loading point for InitDownHrs,,
hours:

5.8.1.1.1 If 0 < InitDownHrs, +t — 1 < MGBDTDGC!!°T, then the
resource cannot be scheduled to reach minimum
loading point in time-step t € TS;

5.8.1.1.2 If InitDownHrs,, + LTCHT + 1 < MGBDTDGC!YARM, then
a lead time of LTCI°T will be applied and the resource
can be scheduled to its minimum loading pointin time-
step t € TS only if t > LTCHOT + 2;
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5.9

59.1

5.8.1.1.3 If InitDownHrs, + LTCA"M + 1 < MGBDTDGC ™,
then a /ead time of LTC}"*"M will be applied and the
resource can be scheduled to its minimum loading
point in time-step t € TS only if t > LTCVARM + 2 and

5.8.1.1.4 If a /ead time of LTCEPLP will be applied and the
resource can be scheduled to its minimum loading
pointin time-step ¢ € TSonly if > LTCS?P + 2.

Initial Scheduling Assumptions

Initial Schedules

59.1.1

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

59.1.1.1 SDL, ;; designates the amount of energy that a
dispatchable load is scheduled to consume at bus b€
BDL;

5.9.1.1.2 SHDR, ,; designates the amount of energy an hourly

demand response resource is scheduled to reduce
consumption at bus » € BPR,

5.9.1.1.3 SXL, 4; designates the amount of energy a bounaay
entity resource is scheduled to export at bus de DX;

59.1.1.4 SDG, ;, designates the amount of energy that a
dispatchable generation resource is scheduled to
provide at bus b€ B¢,

5.9.1.1.5 SCT, , designates the schedule of the combustion
turbine resource associated with the pseudo-unit at
bus »e B>,

5.9.1.1.6 S8T, , designates the schedule of the steam turbine
resource p € PST;

5.9.1.1.7 SIG; 4, designates the amount of energy that a
boundary entity resourceis scheduled to import from
Intertie zone source bus de€ DI,
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5.9.1.2  The initial schedules for non-quick start resources shall be determined
to align with the commitment status logic described in section 0.

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

5.9.2.1 0DG, , designates whether the dispatchable generation resource at
bus b€ B"Y? has been scheduled at or above its minimum loading
pointin time-step 1, where 0DG, , shall be set to 0DG, , from the
previous pre-dispatch calculation engine run unless the real-time
calculation engine has kept such resource at or above its minimum
loading point to respect a reliability constraint. In such cases,
0DG, ,, shall be determined by the real-time calculation engine
advisory schedule;

5.9.2.2  InitOperHrs), designates the number of consecutive hours at the end
of time-step 1 for which the resource at bus b € B9 has been, and is
anticipated to be, operating at or above its minimum loading point.
For resources with ODG, , = 0 , [nitOperHrs), shall be set to zero; and

5.9.2.3  InitDownHrs,;, designates the number of consecutive hours at the end
of time-step 1 for which the resource at bus b€ BV has not been,
and is not anticipated to be, operating at or above its minimum
loading point. For resources with ODG, , = 1, InitDownHrs), shall be
set to zero.

5.9.3 Initial Net Interchange Schedule

5.9.3.1 Theinitial net /nterchange schedule value shall be the difference
between all imports to Ontario and all exports from Ontario for time-
step 1. By default, this value will be based on fixed schedules for
imports and exports from the rea/-time calculation engine.

5.9.4 Number of Starts for Non-Quick Start Resources

5.9.4.1 NumStarts,, designates the number of starts the resource at bus b e
BN has incurred in the current dispatch day, plus any anticipated
starts in time-step 1.

5.9.5 Number of Starts for Hydroelectric Resources

5.9.5.1 NumStartsHE,, designates the number of starts the resource at bus
b€ B"F has incurred in the current dispatch day, plus any anticipated
starts in time-step 1.
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5.9.6

5.9.7

Cumulative Energy Production for Energy Limited Resources and Dispatchable
Hydroelectric Resources

5.9.6.1 EngyUsed,, designates the energy already provided by the resource at
bus b e BFLR y BHE in the current dispatch day, plus the energy
scheduled in time-step 1; and

5.9.6.2  EngyUsedSHE, designates the energy already provided in the current
dispatch day by all resources sharing a maximum daily energy limit or
minimum daily energy limitin set s € SHE plus the energy scheduled
in time-step 1.

Past Hourly Production for Linked Hydroelectric Resources

59.7.1 For linked hydroelectric resources, the past hourly energy production
of upstream resources shall be used to schedule downstream
resources for time-steps in the pre-dispatch look-ahead period within
the time lag. These past hourly production schedules shall be equal to
the output determined by the Z/ESO’s energy management system
based on real-time telemetry less any production scheduled as part of
an operating reserve activation. For all linked hydroelectric resources
(b,,b;) € LNKC and all time-steps ¢ € 75 such that ¢ < LagCy, 4,
PastMWh,,, designates the total energy produced by resource b,
exactly LagC,, ,, hours prior to time-step

5.9.7.2  The schedules of downstream resources linked to time-step 1
upstream resource schedules shall be pre-determined based on the
average value of the upstream resource advisory schedules from the
last real-time calculation engine run that successfully completed
before the pre-dispatch calculation engine run commenced. If the
advisory schedule reflects an operating reserve activation for an
upstream resource, then the schedule determined by the real-time
calculation engine run prior to the gperating reserve activation shall
be used. For all linked hydroelectric resources (b,,b,) € LNKC and all
time-steps ¢ € 7S such that t= LagC,, ,+1, PastMWh;,, designates

the total energy determined for resource b, for time-step 1 to be
used for scheduling downstream resources in time-step t.
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6 Security Assessment Function in the
Pre-Dispatch Calculation Engine

6.1 Interaction between the Security Assessment Function
and Optimization Functions

6.1.1 The scheduling and pricing algorithms of the pre-dispatch calculation engine shall
perform multiple iterations of the optimization functions and the security
assessment function to check for violations of monitored thermal limits and

operating security limits using the schedules produced by the optimization
functions.

6.1.2 As multiple iterations are performed, the transmission constraints produced by
the security assessment function shall be used by the optimization functions.

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

6.2 Inputs into the Security Assessment Function
6.2.1 The security assessment function shall use the following inputs:
6.2.1.1  the IESO demand forecasts; and

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

6.2.2 The security assessment function shall also use the following outputs of the
optimization functions:

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

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

6.2.2.3  the schedules for boundary entity resources at each intertie zone.
6.3 Security Assessment Function Processing

6.3.1 The security assessment function shall determine the province-wide non-
dispatchable demand forecast for time-step ¢ FL,, as follows:
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6.3.2

6.3.1.1  determine forecast MW quantities for all /oad resources and losses
using the JESO demand forecasts for demand forecast areas, load
distribution factors, and the total of the b/id quantities submitted for
virtual hourly demand response resources and physical hourly
demand response resources; and

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

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

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

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

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

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

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

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

6.3.2.7  Violated post-contingency limits shall be linearized using post-
contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.
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6.3.2.8  The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each
time-step. The impact of losses on branches between the resource
bus and the resource connection pointto the IESO-controlled grid and
losses on branches outside Ontario shall be excluded when
determining marginal loss factors.

6.3.2.9  The Pre-Dispatch Scheduling and the Reference Level Scheduling
algorithms described in sections 0 and 12, respectively, shall use the
marginal loss factors for each time step calculated by the security
assessment function.

6.3.2.10 The Pre-Dispatch Pricing and Reference Level Pricing algoritms
described in sections 0 and 13, respectively, shall use the marginal
loss factors used in the last iteration of the optimization function in
the corresponding scheduling algorithm.

6.4 Outputs from the Security Assessment Function

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

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

6.4.12 pre-contingency and post-contingency sensitivity factors for each time
step;

6.4.1.3 the marginal loss factors as described in sections 0 - 0; and

6.4.1.4  loss adjustment quantity for each time-step.
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7.1.1

8.1

8.1.1

8.2

8.2.1

8.3

8.3.1

Pass 1: Pre-Dispatch Scheduling
Process

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

the Pre-Dispatch Scheduling algorithm described in section 0;

e the Pre-Dispatch Pricing algorithm described in section 0;

e the Constrained Area Conditions Test described in section 10;

e the Conduct Test described in section 11;

o the Reference Level Scheduling algorithm described in section 12;

e the Reference Level Pricing algorithm described in section 13; and

the Price Impact Test described in section 14.

Pre-Dispatch Scheduling

Purpose

The Pre-Dispatch Scheduling algorithm shall perform a security~-constrained unit
commitment and economic dispatch to maximize gains from trade using dispatch
data submitted by registered market participants, subject to section 0, to meet
the ZESO's province-wide non-dispatchable demand forecast and JESCO-specified
operating reserve requirements for each hour of the pre-dispatch look-ahead
period.

Information, Sets, Indices and Parameters

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

Variables and Objective Function

The Pre-Dispatch Scheduling algorithm shall solve for the following variables:
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8.3.1.1 SDL,;; , Which designates the amount of energy that a dispatchable
load is scheduled to consume at bus b€ B”" in time-step t€ TSin
association with lamination ;€ /7,

8.3.1.2  S108DL.,; , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b€ B” in time-step ¢€ 7S in association with lamination j€ /%

8.3.1.3 S10NDL,,; , which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable load is scheduled to
provide at bus b€ B”" in time-step t€ TS in association with
lamination ;€ /;)";

8.3.1.4  S30RDL.;,;, which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b e
BPL in time-step ¢€ T'Sin association with lamination ;€ £?2%;

8.3.1.5 SHDR,;; , Which designates the amount of energy reduction
scheduled for an hourly demand response resource at bus be B"PR in
time-step ¢€ 7S in association with lamination ;e /fb;

8.3.1.6  SXL,,; , which designates the amount of energy a boundary entity
resource is scheduled to export at bus de DXin time-step te 7S in
association with lamination j € /fd;

8.3.1.7  S10NXL.4; , which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource is scheduled
to provide at bus de DXin time-step ¢t€ 75 in association with
lamination ;€ /;3";

8.3.1.8  S30RXL.,; , which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide bus
de DXin time-step t€ TSin association with lamination je %%

8.3.1.9  SNDG,,, , which designates the amount of energy that a non-
dispatchable generation resource is scheduled to provide at bus b e
BYPC in time-step ¢€ T in association with lamination k€ A%,

8.3.1.10  SDG,; , which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC,, at bus
be B in time-step t€ 7:Sin association with lamination k€ &% ,;
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8.3.1.11 0DG,, , which designates whether the dispatchable generation
resource at bus b e B¢ has been scheduled at or above its minimum
loading pointin time-step te TS,

8.3.1.12 IDG,, , which designates whether the dispatchable generation
resource at bus b€ B¢ has been scheduled to reach its minimum
loading pointin time-step te TS,

8.3.1.13  5108DG,;, , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ B¢ in time-step t€ 7S in association
with lamination k€ K35°;

8.3.1.14 S10NDG,,, , which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus 5 € B¢ in time-step t€ 7Sin association
with lamination k€ &35";

8.3.1.15  S30RDG,,, , which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ B¢ in time-step ¢t€ TS in association with
lamination k€ K397

8.3.1.16  SCT;, , which designates the schedule of the combustion turbine
resource associated with the pseudo-unit at bus b€ B™Y in time-step
te TS

8.3.1.17  SST,, , which designates the schedule of steam turbine resource
P E PSTin time-step te T5;

8.3.1.18 010R,; , which designates whether the pseudo-unit at bus b e
BNOW0DF has been scheduled for ten-minute operating reserve in time-
step te TS

8.3.1.19 0HO,, , which designates whether the dispatchable hydroelectric
generation resource at bus b€ B has been scheduled at or above
MinHO,), in time-step t€ T5;

8.3.1.20  OFR,, for i€ {1,.,NFor,,} , which designates whether the

dispatchable hydroelectric generation resource at bus b€ B has
been scheduled at or below ForZ,;;, or, at or above Fory,,; in time-

step te TS
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8.3.1.21 [HE,,,; , which designates whether the dispatchable hydroelectric
generation resource at bus b€ B"F registered a start between time-
step (¢— 1) and tas a result of its schedule increasing from below
StartMW,,; to at or above StartMWj,; for i€ {1,.,NStartMW},

8.3.1.22  SIG,, , Which designates the amount of energy that a boundary
entity resource is scheduled to import from /ntertie zone source bus
de€ DIin time-step t€ TS in association with lamination k€ &7,

8.3.1.23  S10NIG, ., , Which designates the amount of non-synchronized fen-
minute operating reserve that a boundary entity resource is scheduled
to provide from /intertie zone source bus de DIin time-step t€ 7Sin
association with lamination ke A;%";

8.3.1.24 S30RIG, 4, , which designates the amount of thirty-minute operating
reserve that a boundary entity resourceis scheduled to provide from
Intertie zone source bus de€ DI in time-step t€ 7.5 in association with
lamination k€ K305

8.3.1.25 7B, , which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in time-step t€ 7, as described in
section 0; and

8.3.1.26  ViolCost, , which designates the cost incurred in order to avoid having
the schedules violate constraints in time-step t€ 75, as described in
section 0.
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8.3.2

The objective function for the Pre-Dispatch Scheduling algorithm shall maximize
gains from trade by maximizing the following expression:

Z (Ob}‘DLf - ObjHDR, + ObjXL, - OijDGr)
- ObjDG, - ObjIG, - TB, - ViolCost,

te’s
where|
Z SDLypPDLyy - Z S108DLyp;"PLOSDL,y,; -
ObjDL,= Ik /o ;
heBlL Z S1ONDLypjPLONDLyp, s - z S30RDL¢p;P30RDL
J€;p" J "

ObjHDR, = Z Z SHDRp;"PHDR ;| ;
beBHOR \ j eff,

Z SXLyqyPXLy gy - Z SLONXL g, PLONXL

, Jelz, el
ObjXL, = z ta [ta :
denx - Z S30RXLy4;-P3ORXLy
jekd’
ObjNDG= ( SNDG,y,1-PNDG,, f,,) ;
bEBNG \ kek?,

0bjDG, =
Z SDGyppPDGyy g + Z S108DG, 43 -PLOSDG,p y +

kek?, kek19S
+ (0pG,yMGODG,, +
e Z SLONDGyp,-PLONDG, o+ z S30RDGyy, 1 -PBORDG s | p5es

ke kekpf

IDGyy-SUAdIDG, )

and
Z S]Gr,a:k'PlGr,ctk + Z .S‘lONfGCdkPlON]G&dk
ObjIG, = Z kekTa kekd"
KR
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8.3.2.1  The tie-breaking term 7B, shall sum a term for each bid or offer
lamination. For each lamination, this term shall be the product of a
small penalty cost and the quantity of the lamination scheduled. The
penalty cost shall be calculated by multiplying a base penalty cost of
TBPen by the amount of the lamination scheduled and then dividing
by the maximum amount that could have been scheduled. That is:

TBDL,+ TBHDR + TBXL ~+ TBNDG,

T8, = + TBDG,+ TBIG,

Where

Z ((SDLt_ b)) -TBPen) .
DLy, TS

J €Tt J €t

Sh ((ﬂONDLW)Z-TBPen)+ Z ((mﬁmw)z-mpen)
ONDL ORDL
J E}%gﬂ{ 01 f;b;/ s Ejsﬁg‘q @ f;b./

(5108DL,,,)" - TBPen
Q10SDL,,,
TBDL~

2
(SHDR, ;)" -TBPen
TBHDR — E E 2 ;
£ QHDR, 5, /
beBTOR \ jeff, .

Z (8XL,q,)" TBPen . z
QXL,q, '

e 3| =

2 s
debx N (S30RXL,4,)" -TBPen
40 @30RXL, 4,

(S10NXL, )" -TBPen
QIONXL,

[ €lea

(SNDG,,)" -TBPen))

TBNDG= Z Z
! ( QNDG,, ;.
beBNDG kEbe s

’
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z ((Spagb,k)z-rgpen) . z ((5105905&,()2'?3&”) N
DGyyr 05DG,
&2, QDG i (s Q1 thk

TBDG~ ) )
b ((ﬂﬂND@ b) -TBPen) | ((530 RDG,,;) -TBPen)
ONDG, 1 ORDG,
kEX}JgN al' thk kEK?OR QS thk
and
2 2
Z (SIG,41)" -TBPen N Z (S10NIG, 4x)" -TBPen
QlG, g . QLONIG, 4
kekE, kerty
TBIG= ,
o ' ((5303105 ax) -TBPen)
0RIG,
8.3.2.2 ViolCost, shall be calculated for time-step te 75 using the following
variables:
8.3.2.2.1 SLdViol,; , which designates the violation variable
affiliated with segment 7€ {1,.,N,q4y;0,} Of the penalty
curve for the energy balance constraint allowing under-
generation;
8.3.2.2.2 SGenViol,; , which designates the violation variable
affiliated with segment /€ {1,., Ngeppioy,} OF the penalty
curve for the energy balance constraint allowing over-
generation;
8.3.2.2.3 S10SViol,; , which designates the violation variable

affiliated with segment 7€ {1,.,NV;sy;0;,} Of the penalty
curve for the synchronized ten-minute operating
reserve requirement;

8.3.2.2.4 S10RViol,;, which designates the violation variable
affiliated with segment 7€ {1,.,NVjzyi,,} Of the penalty

curve for the total ten-minute operating reserve
requirement;

8.3.2.2.5 S30RViol,; , which designates the violation variable
affiliated with segment 7€ {1,., N30 g0y} Of the penalty
curve for the thirty-minute operating reserve

Page 238 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



requirement and, when applicable, the flexibility
operating reserve requirement;

8.3.2.2.6 SREG10RYViol,,; , which designates the violation
variable affiliated with segment 7€ {1,., Ngzci0viol,} OF

the penalty curve for violating the area total ten-
minute operating reserve minimum requirement in
region r€ ORREG,

8.3.2.2.7 SREG30RViol,.; , which designates the violation
variable affiliated with segment 7€ {1,., Nggesorvios,} Of

the penalty curve for violating the area thirty-minute
operating reserve minimum requirement in region
r€ ORREG,

8.3.2.2.8 SXREG10RViol,.; , which designates the violation
variable affiliated with segment 7€ {1,.., Nyggeiorvios,} OF

the penalty curve for violating the area total ten-
minute operating reserve maximum restriction in
region r€ ORREG,

8.3.2.2.9 SXREG30RViol,,; , which designates the violation
variable affiliated with segment 7€ {1,., Nygeezorvion} Of
the penalty curve for violating the area thirty-minute
operating reserve maximum restriction in region
€ ORREG,

8.3.2.2.10 SPrelTLViolg,; , which designates the violation variable
affiliated with segment 7€ {1,., Nprerrzviol,} O the

penalty curve for violating the pre-contingency
transmission limit for facility fe F.

8.3.2.2.11 SITLViol,.; , which designates the violation variable
affiliated with segment /€ {1,., N7z, ., } Of the penalty

curve for violating the post-contingency transmission
limit for /acility fe Fand contingency ce G

8.3.2.2.12  SPreXTLViol,,; , which designates the violation variable
affiliated with segment /€ {1,., Nprexrivior,} Of the

penalty curve for violating the import/export limit
affiliated with /ntertie limit constraint ze Zg,;
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8.3.2.2.13  SNIUViol,; , which designates the violation variable
affiliated with segment 7€ {1,., Ny;yv;,,,} Of the penalty
curve for exceeding the net interchange increase limit
between time-steps (¢-1) and ¢

8.3.2.2.14 SNIDViol,; , which designates the violation variable
affiliated with segment 7€ {1,.,Ny;pyi,,} Of the penalty
curve for exceeding the net interchange decrease limit
between time-steps (¢-1) and ¢

8.3.2.2.15 SMaxDelViol,,; , Which designates the violation variable
affiliated with segment 7€ {1,.., Nypxpeio,} Of the
penalty curve for exceeding the maximum daily energy
limit constraint for a resource at bus b € BLR;

8.3.2.2.16 SMinDelViol, ,; , which designates the violation variable
affiliated with segment 7€ {1,.., Nyinpenio,} Of the

penalty curve for violating the minimum daily energy
limit constraint for a resource at bus b€ B";

8.3.2.2.17  SSMaxDelViol,; , which designates the violation
variable affiliated with segment 7€ {1,.., Noyaxpervios,} OF
the penalty curve for exceeding the shared maximum
daily energy limit constraint for dispatchable
hydroelectric generation resources in set se€ SHE;

8.3.2.2.18 SSMinDelViol,; , which designates the violation
variable affiliated with segment 7€ {1,.., Noyinpervior,} Of

the penalty curve for violating the shared minimum
daily energy limit constraint for dispatchable
hydroelectric generation resources in set s€ SHE;

8.3.2.2.19 SOGenLnkViol,, 1, ; , Which designates the violation
variable affiliated with segment 7€ {1,., Nogensnivior} Of
the penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by over-
generating the downstream resource, for (by,b,) € LNK
such that b, € B and b, € Bjf; and

8.3.2.2.20 SUGenLnkViol,p, 1, ; , Which designates the violation
variable affiliated with segment 7€ {1,., Nygensnivios,} Of

the penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by under-
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generating the downstream resource, for (by,b,) € LNK
such that b, € B/£ and b, € BJf.

8.3.2.3  ViolCost; shall be calculated as follows:

ViolCost, =

SLdViol, -PLdViolSch,, -
=1.Npgvioly
z SGenViol,;-PGenViolSch,; + Z S10SViol, -PLOSViolSch,, +

i=1..Ngen ol =1.N105Viels

Z S10RViol,;-PL0 RViolSch,; + z 530 RViol, ;P30 RViolSch,; +

i=1..Mogviol =1.N30 gVioi;

SREG10RViol,,;"PREG10RViolSch,; | +

réORREG \ i=1.NREG10RViol;

SREG30 RViol,,;-PREG30 RViolSch,; | +

reORREG \ i=1..Ngec30Rvial

SXREGLORViol,,;-PXREGL0 RViolSch,; | +
rEORREG \ i= l-.Nmﬂogwofr

SXREG30RViol,,;-PXREG30 RViolSch,

=1.NxreG 7
FEORREG XREGI0RVioly

+ Z Z SPre[TLViol,,-PPrelTLViolSchy,,

FEFe \ I =1..NprelTt Vielg,

N Z Z Z SITLViol, , -PITLViolSch,

CEC fEF . \ =1..Npy Vil £

+ Z Z SPreXTLViol,,;PPreXTLViolSch,,;

2625 \ =1 NpreXTLVioky s

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

F=1. Nygiviol =1 NyiDiols
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8.4

8.4.1

8.5

8.5.1

™
2

_|_
SESHE \ 1=1..Nspraxpelviol,

1=1..NpsaxDelVioly

SMaxDelViol,,, ;-PMaxDelViolSch,, ,-)

SMinDelViol, , ;\PMinDelViolSch, ;)

1=1.NaginDelViols

SSMaxDelViol, , PSMaxDelViolSch,, f)

+ SSMinDelViol, . \PSMinDelViolSch,
SESHE \ 1=1..NspinDelViols

+ Z Z SOGenLnkViol, (bl)bz]’f-POGenLnkHbeCb,’ i /
(b1, b) ELNE \I=T.N¢

+ z 2 SUGenLnkViol, g, 1., "PUGenLnkViolSch, | .
(b1, b2) ELNK \ F=1..N;

Constraints

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

Dispatch Data Constraints Applying to Individual Hours
Scheduling Variable Bounds

8.5.1.1 A Boolean variable 0DG,, indicates whether the resource at bus b e
BP¢ is committed in time-step ¢€ 7. A value of zero indicates that a
resource is not committed, while a value of one indicates that it is
committed. Therefore:

0DG,, € {0,1} for all time-steps ¢e 7Sand all buses b€ B.

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

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

Page 242 of 508

Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



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

8.5.1.5  If the dispatchable generation resource at bus b € B°“ is considered
committed according to the requirements in sections 0, 0, and 0 in
time-step te€ 7S then:

ODGt’b = 1

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

0 <SDL;;; < ODL . forall b € BPL, j €J5;

0 <S10SDL;; < Q10SDL,,, for all b €8P, j €J%5;
0 =SI0NDL;;; = QI1ONDL, ;. forall b €BPE, j €J13;
0 <S530RDL;p,; = Q30RDL, forall b € BPL, j € £O%;
0 <SHDR;; < QHDR,, . for all b € BPR j £.J7,;
0 =SXL;q; = QXL foralld €DX, j € F;

0 =SIONXL;4; = QIONXL, . foralld €DX, j €5
0 <S30RAT.;; = Q30RXL, . foralld €DX, j €5
0 =SNDG;;; = ONDG,, , for all b € B, k €K%,
0 =SIG 4y = QIG, ,, foralld €DI, k €Ky

0 <SI0NIG,4; < QIONIG, ,, foralld €DI, k €K;y'; and
0 <S830RIG, 4, = QBORIG, 4 for all de DI ke :,?f}?

for all time-steps ¢t€ TS
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8.5.1.7 Generation resources may be scheduled for energy and/or operating
reserve only if their commitment status is equal to 1. Therefore, for
all time-steps ¢t € 7S:

0 =8DGypr = 0ODG,ODG,, , forall b €B°, k €KF;
0 <S10SDG,;; < ODG,;-Q10SDG, , , forall b €B”C, k €K}y
0 <SI10NDG,;; <ODG,;-QI0NDG,,,  forallb €B”°, k €K!3";
and

0 < S30RDG,,x < ODG,,"BORDG,,,  forall be B, ke K"

8.5.2 Resource Minimums and Maximums for Energy

8.5.2.1 A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for a time-step. For all time-
steps t€ 7Sand all buses b€ B”L:

MinDL,, < Y SDL,,, <MaxDL,),
JElgp

8.5.2.2  The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all time-steps t€ 75 and all buses b€ B”.:

Z SDL,,, = QDLFIRM,,
J€leh

8.5.2.3 A constraint shall limit schedules for non-dispatchable generation
resources within their minimum and maximum output for a time-step.
For all time-steps t€ 7's and all buses b€ B¢

MinNDG,, < ¥ SNDG,,; < MaxNDG,),
KEKE),

8.5.2.4 A constraint shall limit schedules for dispatchable generation
resources within their minimum and maximum output for a time-
step.For a dispatchable variable generation resource, the maximum
schedule shall be limited by its forecast. That is:
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For all time-steps ¢ € 7S and all buses 6 € BPC.

Min(MaxDG, ,,FG, ) ifb € BY®

AﬁMﬂﬂﬁm:{MﬁﬂQb otherwise

and

AdiMinDG,, = Min(MinDG, ,, AdiMaxDG, ).
For all time-steps ¢ € 7's and all buses b € B°°:

AdiMinDG,, < MinQDGC,- ODG,,+ SDG,,; < AdjMaxDG,,
kEKE,

8.5.2.5  If the commitment status, 0DG,, , of a dispatchable generation
resourceis equal to 1 and if this status is inconsistent with the
adjusted minimum and maximum constraints,
MinQDGCy, > AdjMaxDG,,, then the commitment status value, 0DG,;,
shall be changed to a value between 0 and 1.

8.5.2.6  If the total offered quantity does not exceed the minimum,
MinQDGC, + Y. kexE, QDG p < AdjMinDG,, then the resource shall

receive a schedule of zero.
8.5.2.7  Minimum and maximum limits placed on Aourly demand response
resource schedules for the purposes of reflecting activation/non-

activation decisions shall be respected. For all time-steps t€ 75 and
all buses b € BPR:

MinHDR,, < Z SHDR,,; < MaxHDR, .
F€leh

8.5.3 Off-Market Transactions

8.5.3.1 For all time-steps t€ 7S and all /intertie zone buses corresponding to
an inadvertent energy payback export transaction de DXV

Z SXLng == Z QXLELQU'
fE.r‘r,:,,d JE td
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8.5.3.2  For all time-steps t€ 7S and all intertie zone buses corresponding to
an inadvertent energy payback import transaction de€ DIV

Z SIGy i = Z LGy g
kek

td keKiy

8.5.3.3 For all time-steps t€ 75 and all /intertie zone buses corresponding to
an emergency energy export d € DX:M:

Z SXLgqy = Z QXLyqy
TEf g J€ltq

8.5.3.4  For all time-steps te 7S and all intertie zone buses corresponding to
emergency energy import de DIFM:

Z SIG, ;= Z 01G, .

kERG 4 kERE 4
8.5.4 Intertie Minimum and Maximum Constraints

8.5.4.1 A constraint shall limit export schedules beyond the first two forecast
hours of the pre-dispatch look-ahead period to the corresponding
day-ahead market schedules for export transactions, subject to
Chapter 7, section 5.2.2. For time-step t €{4,..,.n; 45} and intertie zone
sink bus d € DX such that dgDX¢APEX uDXEM uDXINT:

SXL, 4y < SXLTDM,

J€lta
SIONXL, 4; < SLONXLT
fEf%q-'N
and
; S30RXL, 4; < S3ORXLT}M.
: R
T€/ed

8.5.4.2  Import offers with no day-ahead market schedule may be evaluated
beyond the first two forecast hours of the look-ahead period for the
purpose of reliability.
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8.5.4.3 A constraint shall limit import schedules beyond the first two forecast
hours of the pre-dispatch look-ahead period to the corresponding
day-ahead market schedules for import transactions plus any
additional offered quantities permitted for reliability reasons, with the
exception of transactions flagged as capacity imports or off-market
transactions, subject to Chapter 7, section 5.2.2. For time-step
te {4,.,n,4p} and intertie zone source bus de DI such that d
DIFAPEX Y DIFM U DIV

Z SIG, g < SIGTPAM + SIGTEXTRA;
kEKE 4

S10NIG, 4, < S10NIGTP{M + S1IONIGTEF™R4;
ek

and

S30RIG, 4, < S30RIGTP# + S30RIGTESTRA,

kekioR
8.5.4.4 A constraint shall limit intertie schedules as a result of intertie
curtailments. For /ntertie zone sink bus de DX and time-step t€ T7§:

[CMinXL,; < Z SKL,4; < ICMaxXL, .
J€lq

8.5.4.4.1 For /ntertie zone source bus de DI and time-step te 7S:
ICMinlG,, < SIG, 4y < ICMaxIG,,;
keG4

ICMimlONIG,,< Y SLONIG, 4, < ICMax10NIG, ;

= pA 0N
AE{!‘Q»

and

ICMin30RIG, ;< Z; S30RIG, ; <ICMax30RIG,
ke

8.5.5 Operating Reserve Requirements

8.5.5.1  The total synchronized ten-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
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8.5.5.2

8.5.5.3

operating reserve scheduled from a dispatchable load shall not
exceed:

8.5.5.1.1 the dispatchable load’s ramp capability over 30 minutes;

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

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

8.5.5.1.4 These restrictions shall be enforced by the following
constraints for all time-steps ¢ € 7S and all buses b €
B
S10SDL,,,+ Z SLONDL,,;+ Z S30RDL,,,, < 30-ORRDL,;

€ty ity Jefip”
Z SL0SDL,,;+ Z SI0NDL,,,+ Z; .SBORDL,MS'Z SDL,, - QDLFIRM,
Jelth* sefts” Jerty” J€lcy

and

Z;:SIOSDLM’ L+ Z; S10NDL,;, + ; S30RDL, ; JEZ SDL,,,-MinDL, .
JES s JE :,.5N J r,bR JET

The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all time-steps t€ 7S and all buses b€ B”":

S10SDL,,,+ » SIONDL,,, <10-ORRDL,

iy’ jej

The total non-synchronized ten-minute operating reserve and thirty-
minute operating reserve scheduled for an hour shall not exceed total
scheduled exports. This restriction shall be enforced by the following
constraint for all all time-steps ¢t€ 75 and all /intertie zone sink buses
de DX
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2

SI0NXL, ,;; + ; S30RXL, 4 EZ SXL; g
Jeleg” e J€lea

8.5.5.4  The total ogperating reserve scheduled from a committed dispatchable
generation resource shall not exceed that resourcées: (i) ramp
capability over 30 minutes; (ii) remaining capacity; and (iii)
unscheduled capacity. These restrictions shall be enforced by the
following constraints for all time-steps ¢€ 7S and all buses b€ B"C:

Z S10SDG, , , + SLONDG, , ,+ Z; S30RDG,, , < 30-ORRDG,;
keKiys kekioN keK 9k

Z SL0SDG, , , + SLONDG, ,, + ZD S30RDG,,, < Y (QDG,y - SDG,y0);
keki9ON kek9k

105
kEKLY,

keKE,
and
Z S10SDG, ,, + Z S10NDG, , , + Z S30RDG, , 5
kEKLDS kek 9N ek IR
< AdjMaxDG,, — ¥ SDG,,y — MinQDGC,.
kEKEy

8.5.5.5  The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide shall not exceed the amount by which the
resource can increase its output over 10 minutes, as limited by its
operating reserve ramp rate. This restriction shall be enforced by the
following constraint for all time-steps € 7S and all buses b€ B"C:

S10SDG, , ;. + 2 S10NDG,,, < 10 - ORRDG,.

KeKFDS kek SN

8.5.5.6  The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource is scheduled to provide shall be
limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following
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constraint for all time-steps ¢€ 7's and all buses b€ B”¢ with
RLP10S,, >0:

S10SDG, ,

105
kekp

1
< | MinQDGC, - ODG,, + Z SDGy b '(m)
kEKL, *

min{ 10 - ORRDG,, z Q105DGy 4

108
kekyp

8.5.5.7  The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its
reserve loading pointfor thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all all time-
steps ¢ € TSand all buses b€ B¢ with RLP30R,;, >0:

S30RDG, ,

- 30R
kEKtlb

1
< | MinQDGC, - ODG,y, + Z SDGep (W)
keKE, *

min< 30 - ORRDG,, Z Q30RDG, 4

ek IR

8.5.5.8  The total non-synchronized ten-minute operating reserve and thirty-
minute operating reserve scheduled for an hour shall not exceed the
remaining maximum import offers minus scheduled energy imports.
This restriction shall be enforced by the following constraint for all
time-steps t€ 7S and all intertie zone source buses de€ Dr:

S10NIG, 4, + Z S30RIG 4, = (QIG, 4y — SIGyg45)-

10N 1 30R
kEK}§ KEKPY kEKPy

8.5.6 Pseudo-Units
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8.5.6.1 A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam
turbine resource’s shares in the operating regions of the pseudo-unit
determined in section 22. For all time-steps t€ 7 and pseudo-unit
buses be B™:

SCT,;, = (1 — STShareMLP,) - MinQDGC,, - ODG,,
+(1 — STShareDR,,) - Z SDGp |
kEKPE
and for all time-steps t€ 7'S and steam turbine resources p € PST:

STShareMLP, - MinQDGC, - ODG, , +
SSTt,P - ZT STShaT'eDRb " Z SDGt,b,k + Z SD'Gterk
b€Bp KEKPR kekPE

8.5.6.2  Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules.
For all time-steps t€ 7'S and pseudo-unit buses b€ B™V:

MinQDGC, - ODG, , < MaxMLP,,,

Z SDG, ) < MaxDR, ,,
KEKPR

SDG,,, < MaxDF,,,
kekPF

SDGypx + z S10SDG, , ;. + Z S10NDG,

KEKE, keKFDS kekFON
+ Z S30RDG,, , < MaxDR, , + MaxDF, .
kekF R

8.5.6.3 For a pseudo-unit that cannot provide ten-minute operating reserve
from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled in its duct firing region whenever the pseudo-unitis
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scheduled for ten-minute operating reserve. For all all time-steps
t€ TS and pseudo-unit buses b€ BVO1ODF;

O10R,, €{0,1},

and

SDGpy . + Z S10SDG, , . + Z S10NDG,

108 10N
kEKt.b kEK} ) kEK{ ),

< MaxDR,, + (1 — 010R, ) - MaxDF,,

8.5.6.3.1 For all time-steps t€ TS, pseudo-unit buses b e BVO100F,
and laminations k€ K})*:

S§10SDGipy < O10R., - Q10SDGp k-

8.5.6.3.2 For all time-steps t€ TS, pseudo-unit buses b€ BNO1ODF,
and laminations k€ K:o":

S10NDG;pj < O10R., - QLONDG, .

8.5.6.4  For the purposes of the energy balance constraint in section 0 and the
transmission constraints in section 0, the combustion turbine
resource’s schedule for the pseudo-unit at bus b € B”Y in in time-step
t€ TS will be equal to:

8.5.6.4.1 SCT,, if the pseudo-unitis scheduled at or above minimum
loading point;

8.5.6.4.2 RampCTCy, if the pseudo-unitis scheduled to reach

minimum loading pointin thermal state me THERM in
time-step t+ w for we {1,.,RampHrsC}'}; or

8.5.6.4.3 0 otherwise.

8.5.6.5 For the purposes of the energy balance constraint in section 0 and the
transmission constraints in section 0, the steam turbine resource’s
schedule for p € PST shall be equal to S57; , plus any contribution
from pseudo-unitb € BgT ramping to minimum loading point as given
by RampSTCy, for a pseudo-unit scheduled to reach minimum
loading pointin thermal state m € THERM in time-step (¢+ w) for
w €{1,.,RampHrsC}'}.
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Dispatchable Hydroelectric Generation Resources

8.5.7.1 A dispatchable hydroelectric generation resource shall be scheduled to
at least its Aourly must-run quantity. For all time-steps t€ 7S and
dispatchable hydroelectric generation resource buses b € BE:

0DG,, - MinQDGC), + Z SDGy . = MinHMR, .
kEKL,

8.5.7.2 A dispatchable hydroelectric generation resource shall either be
scheduled to 0 or to at least its minimum hourly output. For all time-
steps t€ 75 and all hydroelectric generation resource buses b€ BE:

OHO,, €{0,1};
ODG, ;, - MinQDGC;, + SDG, ,x = MinHO, , - OHO, , ;
REKY),

and for all k €K7
0 <SDGypr <OHO,;-ODG,, ..
8.5.7.3 A dispatchable hydroelectric generation resource shall not be
scheduled within its forbidden regions. For dispatch days q € DAYS, all

time-steps te 7Sin dispatch day q, all dispatchable hydroelectric
generation resource buses be B and all i€ {1,.,NFor, }:

OFRGb,f E{U,l},

ODG,, - MinQDGC, + Y SDG,,y
kEK,
= OFRt,b.i * FO?"Lqu'i + (1 — OFR:‘.JJ,E)

MinQDGC, + QDG p |;
kEKE,

and

ODGth . ManDGCb + SDGC.b,I’C = (1 - OFRt,b,i) ' Foqu,b,i'
kEKE)

Linked Wheeling Through Transactions
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8.5.8.1  The amount of scheduled export energy must be equal to the amount
of scheduled import energy for linked wheeling through transactions.
For all time-steps t€ 7S and all linked boundary entity resource buses
(dxdi) € L;:

D Sbuaxs = ) SlGeauk

JETt dx kEKL 44

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
8.6.1 Energy Ramping

8.6.1.1 For disptachable loads, the constraints in section 0 and section 0
use URRDL, to represent a ramp up rate selected from URRDL; ,,
and uses DRRDL, to represent a ramp down rate selected from
DRRDL; -

8.6.1.2  For disptachable generation resources, the constraints in section 0
and section 0 use URRDG), to represent a ramp up rate selected from
URRDG, ,,, and uses DRRDG), to represent a ramp down rate selected
from DRRDG, -

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

8.6.1.4 In all ramping constraints, the schedules for time-step 1 are obtained
from the initial scheduling assumptions in section 5.9. For all time-
steps t€ TS the ramping rates in all ramping constraints shall be
adjusted to allow the applicable resource to:

8.6.1.4.1 ramp down from its lower limit in time-step (£ — 1) to its
upper limit in time-step £ and

8.6.1.4.2 ramp up from its upper limit in time-step (¢ — 1) to its
lower limit in time-step ¢

8.6.1.5 Energy schedules for dispatchable loads cannot vary by more than an
hour’s ramping capability for the applicable resource. This constraint
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8.6.1.6

8.6.1.7

shall be enforced by the following for all time-steps ¢€ 7S and buses
be B

SDLy_y4;— 60-DRRDL, < Z SDLy ), ;
JEJt_1p J€]ep
< SDL,_yy,; +60-URRDL,.
JEJt b
Energy schedules for hourly demand response resources cannot vary
by more than an hour’s ramping capability for the applicable resource.

This constraint shall be enforced by the following for all time-steps
te TS and all buses b€ BPR:

(QHDRr—l.b,j — SHDRt—i,b.j) — 60+ URRHDR,
JEIt_1p

= Z (QHDR,; ; —SHDR, ;)

JE€ltn

I/

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

JE€lt_1b

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

the applicable resource. For all time-steps +€ 7S and all buses b€
BP¢:

8.6.1.7.1 For the first hour a resource reaches its minimum loading
point, where 0DG,, = 1, 0DG,, ;, = 0, the following
constraint shall be applied:

0< SDG, ) < 30-URRDG,
kEKE,
8.6.1.7.2 If the resource stays on at or above minimum loading

pointand ODG,, = 1, ODG,, , = 1, the following constraint
shall be applied:

Page 255 of 508

Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



Z DG,y — 60 DRRDG, < Z SDG,
kEKf—l.b kEKtlb
< SDG,_, , x + 60+ URRDG,

kEKF 1 p

8.6.1.7.3 For the last hour the resource is scheduled at or above
minimum loading point before being scheduled off, where
0DG,, =1, ODG, 44, = 0, the following constraint shall be
applied:

0< SDG,, < 30+ DRRDG,
kEKE )

8.6.1.8  The first and third constraint in section 0 do not apply to a quick start
resource.

8.6.1.9 For time-steps where non-quick start resources are ramping up to
minimum loading point, energy shall be scheduled for these resources
using the submitted ramp up energy to minimum loading point.

8.6.2 Operating Reserve Ramping

8.6.2.1  The total synchronized ten-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
operating reserve from dispatchable loads shall not exceed the their
ramp capability to decrease load consumption and for all time-steps
te TS and all buses b€ B-:

S10SDL,, ; + z S10NDL,, ; + 2 S30RDL,,,

JEIRSS jertpy jeiik
< Z SDL,, ; — SDL,_,; + 60 - DRRDL,.
JETtp JElt_1p

8.6.2.2  The total synchronized ten-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
operating reserve from a committed dispatchable generation resource
shall not exceed its ramp capability to increase generation and for all
time-steps tr€ 75 and all buses b€ B¢
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S10SDG, ,, + z S1ONDG,, , + Z S30RDG, ,

108 10N 30R
kEKE kEK kEK{}

< SDGy_ 1y — Z SDG,, + 60 - URRDG);
kEKE 1 p kEK},

S10SDG, . + Z S10NDG,, ;. + 2 S30RDG,

10N 30R

108
kEK] kEK;p kEK)

+ SDG, . < [(£—n) - 60 + 30] - URRDG, - ODG,
kEKY

where n is the time — step of the last start before or in time —
step 4 and

S10SDG,  , + Z S10NDG, , , + z S30RDG, ,

105 10N 30R
kEKt,b kEKh.b kEKr,b

+ SDG, . < [(m —t)-60 + 30] - DRRDG, - ODG,,
REK)

where m is the time-step of the last shutdown in or after time-step ¢
8.6.3 Non-Quick Start Resources

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

8.6.3.2 In the first forecast hour of the pre-dispatch look-ahead period, a
resource$ current hours on shall determine any remaining minimum
generation block run-time to enforce. If 0 < [nitOperHrs;, <
MGBRTDG,,,;, then the resource at bus b € BV has yet to complete
its minimum generation block run-time, and:

ODG?—.b' ODG3,b' e ODGmin(nLAp,MGBRTDGtod'b—!nitOperHst +1),b = L

8.6.3.3  In the first forecast hour of the pre-dispatch look-ahead period (i.e.
time-step 2), the number of hours a resource has been down shall
determine any remaining minimum generation block down-time to
enforce and shall respect the minimum generation block down-time
for a hot thermal state. If 0 < InitDownHrs, < MGBDTDG. o, then the
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resource at bus b€ BV has yet to complete its minimum generation
block down-time, and:

ODG,p, 0DGsp, ..., ODGmin(nLAP,MGBDTDG;‘;',Z_“;—rnitDownHrsb +1)b

8.6.3.4 If 0DG.,, =0 and ODG,, =1 for time-step t€ 7S, then the resource
at bus b€ BV has been scheduled to start up during time-step ¢and
shall be scheduled to remain in operation until it has completed its
minimum generation block run-time or to the end of the pre-dispatch
look-ahead period. Therefore:

ODG¢ 4 1,5, ODG 4 2, -, ODGmin(nLAp,t + MGBRTDGCp-1),b — 1.

8.6.3.5 If 0DG.,,=1 and ODG,, = 0 for time-step t€ 7, then the resource
at bus b€ BV has been scheduled to shut down during time-step ¢
and shall be scheduled to remain off until it has completed its hot
minimum generation block down-time or to the end of the pre-
dispatch look-ahead period. Therefore:

0DGC+1,bJ ODGt+2,bl"'JODG = 0.

HOT

min(npap.t + MGBDTDGCE T =1),b

8.6.3.6 A Boolean variable /DG, indicates that the non-quick start resource
at bus b€ BV is scheduled to reach its minimum loading pointin
time-step te 7§ after being scheduled below its minimum loading
pointin the preceding time-step. A value of zero indicates that a
resource is not scheduled to reach its minimum loading point, while a
value of one indicates that it is scheduled to reach its minimum

loading point. Therefore, for all time-steps t€ 7S and all buses b€
BV

1 if ODGy_yp = Oand ODG,) = 1

IDG = {
tb 0 otherwise.

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

z IDG, ), = MaxStartsDG,,,;, — NumStarts,,q -

tETStod

8.6.3.7.1 and if the pre-dispatch look-ahead period spans two
dispatch days then:
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8.6.4

IDG,;, < MaxStartsDGygy, p-
tETStom

8.6.3.8  For a non-quick start resource at bus b€ B¢ that has been offline
InitDownHrs,;, hours, and for future minimum loading point time-step
te{2,..,.n.4p}, the pre-dispatch calcluation engine shall assign a start-
up offer and ramp energy to minimum loading point profile as follows:

8.6.3.8.1 If 0 < /nitDownHrs;, + t— 1< MGBDTDGC°7, then the
resource cannot be scheduled in time-step ¢

8.6.3.8.2 If MGBDTDGCIOT < InitDownHrs, + t— 1 <
MGBDTDGC)RM, then the resource will be assigned a
“HOT"” thermal state for time-step t and the start-up offer
SUDG" shall apply. The ramp up energy to minimum
loading point profile shall be RampEC} o, for
w €{1,.,RampHrsC}]'};

8.6.3.8.3 If MGBDTDGC) ™™ < InitDownHrs, + t—1 <
MGBDTDGCEP, then the resource will be assigned a
“WARM” thermal state for time-step t and the start-up
offer SUDG!/**™ shall apply. The ramp up energy to
minimum loading point profile shall be RampEC}3*™ for
w €{1,.,RampHrsC}"}; and

8.6.3.8.4 If MGBDTDGCS™P < InitDownHrs, + t— 1 then the
resource will be assigned a “COLD” thermal state for time-
step t and the start-up offer SUDG-]*” shall apply. The
ramp up energy to minimum loading point profile shall be
RampECgﬁ,LD for we{1,.,RampHrsC]'}.

8.6.3.9  For a non-quick start resource at bus b€ BV that is in-service as
determined by its initial condition, the pre-dispatch calculation engine
shall assign a start-up offer and ramp up energy to minimum loading
point profile associated with the future thermal state as specified in
section 0.

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

8.6.4.1.1 more energy than the maximum daily energy limit
specified for such resource; or
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8.6.4.2

t=trom.T

8.6.4.1.2

8.6.4.1.3

energy in amounts that would preclude such resource from
providing operating reserve when activated;

for all buses b € B:R where an energy limited resource is
located and all time-steps Te 75,

Z 0DG,, - MinQDGC, + SDG,
¢=2.T kEKt )
+ 100RConv 510SDGy . + S10NDGy 1
keKFOS ek
+ 300RConv S30RDGy 4 1
kekFIR

- Z SMaxDelVioly ,;

i=1.NMaxDelVioly

< MaxDEL,,q, — EngyUsed,,.

If the pre-dispatch look-ahead period spans two dispatch days, the
constraints in section 0 shall apply to an energy limited resource for
each dispatch day, and shall consider the amount of energy already
provided by the resource for the current dispatch day. Therefore, for
all buses b € B*LR where an energy limited resource is located and all

time-steps T€ TS,)m:

0DG, , - MinQDGC, + SDG, p x
kEKE )

S10NDGy ;5

+ 100RConv S10SDGyp ) +

KEKFGS keKHN

+ 300RConv S30RDGr 4

30R
kEKFY)

- Z SMaxDelVioly,; < MaxDEL,y,, .

t=1.NMaxDelvViolp
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8.6.5

where the factors 10 ORConv and 30 ORConv are applied to scheduled
ten-minute operating reserve and thirty-minute operating reserve for
energy limited resources to convert MW into MWh. Violation variables
for over-scheduling a resource’s maximum daily energy limit may be
used to allow the pre-dispatch calculation engine to find a solution.

Dispatchable Hydroelectric Generation Resources

8.6.5.1

8.6.5.2

Dispatchable hydroelectric generation resources shall be scheduled for
at least their minimum daily energy limit. If the pre-dispatch look-
ahead period spans two dispatch days, the constraint shall be applied
for both days. Violation variables for under-scheduling a resource’s
minimum daily energy limit may be used to allow the pre-dispatch
calculation engine to find a solution. For all dispatchable hydroelectric
generation resource buses b € BE:

0DG,;, - MinQDGC,, + SDG,
tETStod kEKF)

+ z SMinDelViol, ;,; | = MinDEL, .4, — EngyUsed,,.

i=1.NpinDetvioly

8.6.5.1.1 and if the pre-dispatch look-ahead period spans two
dispatch days, for all hydroelectric resource buses b € B7E:

ODG,, - MinQDGC, + Y SDG,,
tETStom kEKE)

4 z SMinDelViol, ,; | = MinDEL,q .

i=1.NMinDelViol;

A Boolean variable IHE; j, ; indicates that a start for the dispatchable
hydroelectric generation resource at bus b € B"* was counted in
time-step ¢ € 7S 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 7 € {1,.., NStartMw,,}. A value of zero indicates that a
start was not counted, while a value of one indicates that a start was
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counted. Therefore, for all time-steps ¢ € 7S, buses b € B and start
indication values i € {1,..,NStartMW,}:

1 If ODGE—l,b 'MI.HQDGCB + SDGE—'I.,E).R < StartMWb_i

KEK; i p
fHEe,b.i =

ﬂnd ODGt_b . MEHQDGC}, + SDGt,b,k, = StartMWin

kKEK )

\ 0 otherwise.

8.6.5.3  Dispatchable hydroelectric generation resources shall not be
scheduled to be started more times than permitted by their maximum
number of starts per day. If the pre-dispatch look-ahead period spans
two dispatch days, this constraint shall be applied for both days. The
following constraint shall apply for all buses b € B7E:

IHE, ,; | = MaxStartsHE,,; ;, — NumStartsHE},.

tETStgg \ i=1.NStartMWy

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

IHE, ,; | < MaxStartsHE,,,, ;.

tE€TStom \ i=1.NStartMWp

8.6.5.4  The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not exceed shared maximum
daily energy limits. If the pre-dispatch look-ahead period spans two
dispatch days, the constraint shall be applied for both days, where
the constraint for today shall consider the amount of energy already
provided by resources with a registered forebay. Violation variables
for over-scheduling the maximum daily energy limit may be used to
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allow the pre-dispatch calculation engine to find a solution. For all
sets s€ SHE and all time-steps T€ 75,4

z Z' 0DG, , - MinQDGC, + ZSDGM,_;C
t=2.T \p epliE

kEK

+ Z 100RConv Z S10SDGy . + Z S10NDGy, ;
beBHE keKFIS ek

+ 300RConv Z S30RDGy )
keKFR
— Z SSMaxDelVioly s, < MaxSDEL,,,  — EngyUsedSF

i= 1«NSMMDE!IVI'OIT

8.6.5.4.1 and if the look-ahead period spans two dispatch days, then for all sets
s€ SHE and all time-steps Te€ TS,,,,:

Z Z 0DG, , - MinQDGC, + Z SDG, ,
t=ttom-T bEBSE

kEK,
+ Z 100RConv Z S10SDGy,, + Z S10NDGy,
beBlE keKF0S ek N

+ 300RConv Z S30RDGr .

30R
keKpp

— Z SSMaxDelVioly .y < MaxSDEL,,,,

1=1.NspMaxDelVioly

where the factors 10 ORConvand 30 ORConv shall be applied to

scheduled ten-minute operating reserve and thirty-minute operating
reserve to convert MW into MWh.

8.6.5.5  Schedules for multiple dispatchable hydroelectric generation resources
with a registered forebay shall respect shared minimum daily energy
limits. If the pre-dispatch look-ahead period spans two dispatch days,
the constraint shall be applied for both days, where the constraint for
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today shall consider the amount of energy already provided by
resources with a registered forebay. Violation variables for under-
scheduling the minimum daily energy limit may be used to allow the
pre-dispatch calculation engine to find a solution. For all sets se€ SHE:

Z Z 0DG,;, - MinQDGC,, + Z SDG, i
b eBgE

teTStod kEKt.b

+ z SSMinDelViol, . | = MinSDEL,,, . — EngyUsed

i=1.NgspminDelViol;

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

z Z 0DG,,, - MinQDGC, + Z SDG,
teTStom \ b €BIE KEKEy

4 Z SSMinDelViol, ,, | = MinSDEL,,,,..

i=1.NsminDeiviols

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

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

8.6.5.8  For all linked dispatchable hydroelectric generation resources between
upstream resources b, € Bil; and downstream resources b, € BUE for
(by,by) € LNKC and all time-steps t€ 7S5 such that t< LagCy, , +1:
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ODG,,,, - MinQDGC,, + Z SDGyp,

bzeﬂd;"f k€Kt b,

_ 2 SOGenLnkVioIfr(bl_bz),g

i=1.NoGenLnkVioly

+ Z .S'UGenLnkVioltl(bl,bz),i

i=1.NygenLnkViols

= MWhRatioCbl.bz ' Pa.gtMWht_bl.

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

8.6.5.10 For all linked dispatchable hydroelectric generation
resources between upstream resources b, € Bg‘;’ and

downstream resources b, € B for (by,b,) € LNKC and
time-steps ¢€ 7.5such that ¢+ LagCy, ,, < n4p:

ODGHLangl.az.bz ) MmQDGCbz + Z SDG“'L“gcbl-szb?-k

E E
b2EB kEKt"'L"‘QCDl-bz'bz
_ Z SOGenLnkVioley ag, , (o
i= 1--NOGenLnkVioEt+Lagbl by
+ Z SUGenLIkViol,y1ag, . by

i= 1--NU69ﬂLnkaoIt+Lagb b
142

— MWhRatioC,_,, - Z ODG,,, - MinQDGC,, + Z SDGyp
b1EBE KEKE),
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8.7

8.7.1

Constraints for Reliability Requirements

Energy Balance

8.7.1.1

8.7.1.2

8.7.1.3

The total amount of energy withdrawals scheduled at load bus b € B
in time-step t€ TS, With,, shall be represented by:

SDLyy, if b € BPL
JEltp
(QHDR,, ; — SHDR, ) if b € BHDR

'€l b

Withf.b =

The total amount of export energy scheduled at intertie zone bus d €
DX in time-step t€ TS, With,, as the exports from Ontario to the
Intertie zone bus shall be represented by:

Witht,d - SXLt,d,j'

JEIta

The total amount of injections scheduled at internal bus b € B in
time-step t€ 7§, Inj,,, shall be represented by:

Inj,, = Offerlnj,, + Ramplny,,

where:
Z SNDG, if b € BNDG
kEKt,b
Offerinj,, =
ODG; - MinQDGC), + SDG; 1 if b € BP¢
keKyy,
and
Ramplinj,

RampECy,, - DGy if b e BNOS

1v=lnnun(RaanH?scgtnLAp—t)
0 otherwise
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8.7.1.4  The total amount of import energy scheduled at intertie zone bus d €
DI in time-step t€ T, Inj, 4 as the imports into Ontario from that
Intertie zone bus shall be represented by:

hljt‘d - Z SIGt,d,k'

kEKE,

8.7.1.5 Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor calculated by the security assessment
function to reflect the losses or reduction in losses that result when
injections or withdrawals occur at locations other than the reference
bus. These loss-adjusted injections and withdrawals must then be
equal to each other after taking into account the adjustment for any
discrepancy between total and marginal losses. Load or generation
reduction associated with the demand constraint violation shall be
subtracted from the total load or generation for the pre-dispatch
calculation engine to produce a solution. For time-step te 7§, the
energy balance shall be:

FL, + Z (1 +MglLoss, ) - With,

bepDLypHDR

+ Z (1+ MglLoss;q) - Withy g — Z SLdViol, ;
deDX i=1‘.Ndeogt

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

+ Z (1 + MglLoss, ) - Injeq — z SGenViol, ;
deDI i=1.Ngenviol,

+ LossAdj,.

8.7.2 Operating Reserve Requirements

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

8.7.2.2  Constraint violation penalty curves may be used to impose a penalty
cost for not meeting the JESO's system-wide operating reserve
requirements, not meeting a regional minimum requirement, or not
adhering to a regional maximum restriction. Full operating reserve
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requirements shall be scheduled unless the cost of doing so would be
higher than the applicable penalty cost. For each time-step t€ 7§:

z Z S10SDL,,; | + Z Z S10SDG,; |+ Z S10SViol, ;

beEBPL \ jeios bEBPE \ kek}ps i=1.N1iosviol;
= TOT10S;
Z Z S10SDL;,, ; | + Z Z S10SDG ),
beBDL \ jgjlos bEBDG \ kek}9S
+ Z Z S10NDL,,; | + Z Z S10NXL, 4 ;
beBPL \ jejtpN deDX \ jejioN
+ z z S10NDG; | + Z Z S10NIG, gk
beBPE \ ek gV deDI \ kek N

+ Z S10RViol,; = TOT10R,;

i=1.N1orviol,

and
z z S10SDLy; |+ z Z S10SDG, i Z Z S10NDL,, ;
beBPL \ jejips bEBPE \kek!)S beBPL \ jeloN
+ Z Z S10NXL, 4 ; S10NDG,
deDX ;'Ejtf?;” bEBDG kEK’wN
Z S10NIG, 41 S30RDLt_b_j
deDI kEKloN bEBDL }EJSOR
S3ORXLt_d i S30RDGt_b_k
dEDX jEJSOR bEBDG kEKBOR
SBORIG&M S30RViol,; = TOT30R,.
dem KeKZIR i= 1N30RV:01:
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8.7.2.3  The following constraints shall be applied for each time-step te 7§
and each region r € ORREG:

S10SDL.y, ; | + z Z S10SDGp
beBREGNBDL \ jesios beBREGNBPG \kek}pS

+ Z S10NDL,,,; | + Z S10NXL, 4 ;

beBRECNBDL \ jestol denfECnpx \jest

+ z S10NDG, , | + Z S10NIG, 4

beBREGNBDE \ ek} deDRECnpr \kek}9N

+ Z SREG10RViol,,; = REGMin10R,,;

i=1.NRrggioRViol,

S10SDLyyp; | + Z S105DGyp
bEBREANBPL \ jej}os beBFECNBDE \ kek}p®

+ Z Z S10NDL,,; | + Z Z S1ONXLyq

beBREGNBDL \ je 1o deDfECnpx \ jejtgV

+ Z S10NDG,p ;. | + Z S10NIGy 4

beBRFCNBPE \ kek} oV deDFEenpr \ kek!§Y

- Z SXREG10RViol,;; < REGMax10R,,;

i=1.NxrrGiorviols

S10SDL.y,; | + Z Z 510SDGep
beBRECBDL \ jETT8S beBREGNBDG \ ek })S
+ Z S10NDLy,; | + Z Z S10NXL, 4,
beBREGEDL TEoN deDFECnDx \jejig
SlONDGt‘ka + Z Z S10NIG¢ 44
bEBREGnBDa keKzaN deDFECnDI \ kek}Y
S30RDLM,J- + Z Z S30RXL¢ g,
beBREGnBD-‘- ISH deDFEEnDX \ jeJigR
530}20@,5,k + Z Z S30RIG, 4
bEsREGnBDG keKZR asDFESnDI \ kekiSR

SREG30RViol,,; = REGMin30R,,;

i=1. NREGzonm,
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8.7.3

and

+ Z ( Z SlONDLLb_})
bEBREGNBPL \ je 2N

+ Z ( SlONXLmj> ( SlOSDLt‘bJ>
deDFECnpx \jejto bEBRECNBDL \ jes19s
Z ( Z 5105DG, k) ( Z SlONDGtJka)
beBRECNBDG \ pek DS beBRECNBDG \ ek )N

+ Z ( SlONIthk> ( z S3ORDLEJb‘k>
deDRECnDI \kek}oN beBRECNBDL \ jejioR

+ z (Z S30RXL, 4
deDRECnpX

Z S30RDG, ,
J EjsﬂR

bEBREG DG (kE‘,{auR

_|_

i

( S30RIthk) SXREG30RViol
deDRECnpr \kekiIR i=1. NXREG30RV101,

< REGMax30R,,.

IESO Internal Transmission Limits

8.7.3.1  The Pre-Dispatch Scheduling algorithm shall produce a set of energy
schedules that do not violate any security limits in the pre-
contingency state and the post-contingency state subject to the
remainder of this section 0. The total amount of energy scheduled to
be injected and withdrawn at each bus used by the energy balance
constraint in section 0, shall be used to produce these schedules.

8.7.3.2  Pre-contigency, SPrelTLViols.;, and post-contingency, SITLViol. .,

transmission limit violation variables shall allow the pre-dispatch
calculation engine to find a solution.
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8.7.3.3  For all time-steps t€ TS and facilities f€ F,, the linearized constraints
for violated pre-contingency limits obtained from the security
assesment function shall take the form:

PreConSF,f, - Inj, ), — Z PreConSF, ), - Withy,
beRpNDGygDG heRPLyYpHDR
+ Z PreConSFerq - Injiq — z PreConSF, s 4+ With, 4
deDI d€DX

— Z SPrelTLVioly,; = AdjNormMaxFlow, .

i =1.Nprerriviols

8.7.3.4 For all time-steps t€ T, contingencies c€ ¢, and facilities fe F,,, the
linearized constraints for violated post-contingency limits obtained
from the security assesment function shall take the form:

SFecrp ey — z SFicrp - With, + z SFiefa
beBNDGyYBDG beBPLyYBHDR deDI
Mjeq = ) SFocpa Witheg
deDX

— z SITLViol. f; = AdjEmMaxFlow,

i=1.NiT1viol, s,

8.7.4 Intertie Limits

8.7.4.1  The Pre-Dispatch Scheduling algorithm shall produce a set of energy
and operating reserve schedules that respect any security limits
associated with interties between Ontario and /ntertie zones. For all
time-steps t€ 75 and all constraints z€ Zg,:
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a€A: EnCoef fg 70

d€Dl, \rekpy™ Kek} g
4+0.5 - (EnCoeff,, +1) J '
Z Z S10NXL¢q; + Z S30RXL; 4
d€DXq \ jejiY JEIER |

EnCoeff,, z Z SIGyan — Z z SXLya,

deDI, ke;{fd dEDX, jeffd

S10NIGq g + Z S30RIG, g | +

SPreXTLViol,,; = MaxExtSch, ,.

i=1.NpreconXTLVio Izt

8.7.4.2

8.7.4.3

where fo
to zero a

r out-of-service intertie zones, the intertie limits shall be set
nd all boundary entity resources shall receive a zero schedule

for energy and operating reserve.

Changes
shall not
schedule
to obtain
not:

8.74.2.1

8.7.4.2.2

Violation

in the hour-to-hour net energy schedule over all /nterties
exceed the net interchange scheduling limit. The net import
shall be summed over all intertie zones for a given time-step
the net interchange schedule for the time-step, and shall

exceed the net /interchange schedule for the previous time-
step plus the net interchange scheduling limit; and

be less than the net interchange schedule for the previous
time-step minus the net interchange scheduling limit.

variables shall be provided for both the up and down ramp

limits to allow the pre-dispatch calculation engine to find a solution
and for all time-steps t€ TS:

Z Z SIG, 14— Z Z SXL, 14, — ExtDSC, — Z SNIDViol, ;

deDI kEKtE—l.d

deDX jejE i=1.Nnipviol,
<) ), Sluax= ), ) SHleaj
deDI kEKEd deDX fEffd
< z Z SIGe 1 ar — Z Z SXL,_yq; + ExtUSC,
deDI kEKE—Ld deEDX JIEJ!:E—LG'.

+ Z SNIUViol, ;.

i =1L.Nn1yviot,
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Penalty Price Variable Bounds

8.7.5.1

Penalty price variables shall be restricted to the ranges determined by

the constraint violation penalty curves for the Pre-Dispatch Scheduling

algorithm and for time-steps t€ 75:

0 < SLdViol,; < QLdViolSch,,

0 < SGenViol,; < QGenViolSch,

0 < $105Viol,; < Q10 SViolSch, ;

0 < S10RViol,; < Q10 RViolSch,;

0 < S30RViol,; < @Q30RViolSch,;

0 < SREG10RViol,;; < QREG10RViolSch,;

0 < SREG30RViol,,; < QREG30RViolSch,;
0 < SXREG\0RViol,,; < QXREG10RViolSch,;
0 < SXREG30RViol,,; < QXREG30 RViolSch,;
0 < SPrelTLViolg,; < QPrelTLViolSchy,;

0 < SITLViol,z; < QITLViolSch

0 < SPreXTLViol,,; < QPreXTLViolSch,;

0 < SNIUViol,; < @QNIUViolSchy ;

0 < SNIDViol,; < QNIDViolSch,

0 < SMaxDelViol, ;< QMaxDelViolSch,

0 < SMinDelViol,;,; < @QMinDelViolSchy,,,

0 < SSMaxDelViol, ;; < QSMaxDelViolSch,  ;
0 < SSMinDelViol,; < QSMinDelViolSch,  ;

for all 7 €{1,... Nrgyior}:

for all 7 €{1,.., Ngapvion,}:

for all 7 €{1,.., Nospion}:

for alli € {1,.., Mo ryion}:

for all 7 €{1,.. N30 zvior/;

for all r € ORREG, i €{1,.., Nggerorvion):
for all r € ORREG, i € {1,., Ngggso rviolf:
for all r€ ORREG, 1 € {1,., Nygeci0rvion}:
for all € ORREG, i € {1,.., Nyggczorviol }:
for all f€ F, 1€ {1,., Nprerryvior,.}:

forall c€ G f€ Fyp, 1€ {1,., Nyppvion, . };
for all z€ Zgy, 1€ {1,.. Nprexivior, }:

for all 7€ {1,.., Nymvion,}:

for all 7€ {1,., Nyprion}:

for all be BER i€ (1,.,Nyaxpervioy }:
forall be B je {1,.. Nptinpervior, }:

for all s € SHE, 1€ {1,., Nsyaxpervion };

forall s€ SH_E; I€ {1)"fNSMHDEIWGFt}:

0< SOGE'HLHE{WO&@LJE&J’; < QOGenLnkViol, by by i for all (by,by) € LNK, 1€ {1,..Nogeninivioy };
and

0< SUGenLnkI/?'ofr,(bh%,; < QUGenLukaf,lu,be for all (by,b,) € LNK;, 1€ {1,..Nygenrniviol, }-
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8.8 Outputs

8.8.1 Outputs for the Pre-Dispatch Scheduling algorithm include resource schedules
and commitments.
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9.1

9.1.1

9.2

9.2.1

Pre-Dispatch Pricing

Purpose

The Pre-Dispatch Pricing algorithm shall perform a security~constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, subject to section 0, and resource schedules and
commitments produced by the Pre-Dispatch Scheduling algorithm to meet the
IESO’s province-wide non-dispatchable demand forecast and IESO-specified
operating reserve requirements for each hour of the pre-dispatch look-ahead
period.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Pre-Dispatch Pricing
algorithm are described in section 3. In addition, the following resource
schedules and commitments determined by the Pre-Dispatch Scheduling
algorithm shall be used by the Pre-Dispatch Pricing algorithm:

9.2.1.1  SDG}5% designates the amount of energy that the dispatchable
generation resource is scheduled to provide above MinQDGC,, at bus
beBFRuB*in time-step ¢ € 75in association with lamination
k € Kep;

9.2.1.2 ODG'ggS designates whether the dispatchable generation resource at

bus b € B”° was scheduled at or above its minimum loading pointin
time-step t € 75;

9.2.1.3 S‘lOSDG'gZi designates the amount of synchronized ten-minute
operating reserve that the dispatchable generation resource is
scheduled to provide at bus 6 € FRuB* in time-step £ € 7Sin
association with lamination & € A}%;

9.2.1.4  SI0ND t/gsk designates the amount of non-synchronized ten-minute
operating reserve that the dispatchable generation resource is
scheduled to provide at bus 6 € B v B in time-step ¢ € 7Sin

association with lamination & € A7 ";

9.2.1.5 530RDG’§ZS,( designates the amount of thirty-minute operating reserve
that the dispatchable generation resource is scheduled to provide at
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bus b € B® u B in time-step ¢ € 7Sin association with lamination
k € K9F; and

9.2.1.6 OHOZgS designates whether the dispatchable hydroelectric generation

resource at bus b € B has been scheduled at or above MinHO; , in
time-step ¢t € 75.

9.3 Variables and Objective Function

9.3.1 The Pre-Dispatch Pricing algorithm shall solve for the same variables as in the
Pre-Dispatch Scheduling algorithm, section 0, with the following exceptions:

9.3.1.1 IDG,,, for bus b € B”“ and time-step ¢ € 7S shall not appear in the
formulation;

9.3.1.2  ODGpforbus b e B”° and time-step t € 7S will be fixed to a
constant value, as determined by the Pre-Dispatch Scheduling
algorithm;

9.3.1.3  OHO;pforbus b e B and time-step ¢ € 7S will be fixed to a
constant value, as determined by the Pre-Dispatch Scheduling
algorithm;

9.3.1.4  IHEy,for b e B, time-step t € TSand start indication value
i €{1,..,NStartMW,,} shall not appear in the formulation;

9.3.1.5  SOGenLnkViolyw, ,b,),i for (by,b,) € LNKsuch that b, € Bf,’r,’;c and b, €

B’J,’;E, time-step £ € 7Sand 7 € {1,..,Nogen.nkvior,} Shall not appear in the
formulation; and

9.3.1.6  SUGenLnkViolyp, by, for (by,b) € LNKsuch that b € BZ,‘;E and b, €

B’J,‘;E, time-step ¢ € 7Sand / € {1,.., NygenLnkvio,} Shall not appear in the
formulation.
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9.3.2 The objective function for the Pre-Dispatch Pricing algorithm shall maximize
gains from trade by maximizing the following expression:

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

tETS
where:
ObjDL,
z SDL¢p ;- PDLyp; — Z S10SDL.} ;- P10SDL,; ; —
_ J €Iy j€iy? _
V=t Z S10NDL,, ;- PIONDL,, ; — Z S30RDL,y, ; - P30RDL, ), ; '
jengt j€Igpt

OijDRt = Z Z SHDRt,b,f . PHDRt,b,j ;

beBHDR je;fb

Z SXLtgj PXLig; — z S10NXL; g ;- PIONXL 4 ;
ObjXL, = elia ered
: =

deDX - Z S3ORXLthP3ORXLth

. R
JEIEY

ObjNDG, = 2 Z SNDGp . PNDGepx |
beBNPE \ kekf,

z SDGepx PDGryp + Z S105DGyy . - P10SDGyyp i +

) kekE, kekEDS
0bjDG, = : : ,
Vot Z S10NDG, px - PLONDG, 5 + Z S30RDGy 5 - P30RDGy p 1
kek OV kerZ)"

Z SIGyay * PIGeax + Z S10NIG, 4 - P1ONIG, 4 x

£ 10N
keK, kEK; 4

0bjIG, = Z
&= + ) S30RIGyqx - P3ORIG

30R
KeK{

9.3.2.1 The tie-breaking term, 75, shall be the same term described in
section 0.

9.3.2.2  ViolCost, shall be calculated as follows:
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ViolCost, =

i=1L.Npdviol,

_I_

_l_

+

_l_

_|_

_I_

Z SLdViol,; - PLdViolPrc, ;

SGenViol,; -

i= 1--NGenV1'o.Et

Z S10SViol, ; - P10SViolPre, ;

i=1.N1osviol,

S10RViol,; -

i=1.NjoRviol;

2.

S30RViol,; -

i=1.Nzorviol,

rEORREG

TEORREG

TEORREG

i=1.NrEG10RViol,

i=1.NRrEG30RViol;

PGenViolPrc,;

P10RViolPrc,;

P30RViolPrc,;

SREG10RViol,..; - PREG10RViolPrc,

SREG30RViol,.; - PREG30RViolPrc, ;

SXREG10RViol, , ; - PXREG10RViolPrc, ;

i=1.NxREG10RViol,
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+ Z SXREG30RViol,.,; - PYXREG30RViolPrc,

TEORREG \i=1.NxREG30RViol;

+ z Z SPrelTLViol;,; - PPrelTLViolPrcs,;

fE€Fe \i =L.NpreiTiviols,

n Z z Z SITLViol, ;; - PITLViolPre, ;.
cEC fEF ¢ f=1--NITLVEGIC‘fIt

4 Z z SPreXTLViol,,; - PPreXTLViolPrc,,;

z€Zgch \i=1.NprexrLViol,

+ z SNIUViol,; - PNIUViolPrc, ;

i =L.Nnjuviol,

+ Z SNIDViol, ; - PNIDViolPrc, ;

i=L.NNipviol,

+ z z SMaxDelViol, ;, ; - PMaxDelViolPrc, j,;

bEBELR \i =1.Nyaxpelviol,

+ Z z SMinDelViol,; ; - PMinDelViolPrc,y,;
beRHE

i =1.NyminDelviol;

+ z Z SSMaxDelViol, . ; - PSMaxDelViolPrc,  ;

sESHE \ i =1.NgmaxDelviol,

n z SSMinDelViol,  ; - PSMinDelViolPrc, ,;

SESHE \i =1.Nsminpelviol;

9.3.2.3  The objective function of the Pre-Dispatch Pricing algorithm in section
0 shall be subject to the constraints described in sections 9.4 - 9.8.

9.4 Constraints

9.4.1 The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the
optimization function in the Pre-Dispatch Pricing algorithm.
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9.5 Dispatch Data Constraints Applying to Individual Hours

9.5.1 Scheduling Variable Bounds

9.5.1.1

9.5.1.2

Energy and operating reserve schedules shall not be negative and
shall not exceed the quantity respectively offered for energy and
operating reserve. For all time-steps ¢ € 7S:

0 <SDL,;; < ODL,),

0 <S10SDL,;; < Q10SDL,,

0 <SLONDL,;; < Q10NDL,,

0 <S30RDL,;; < Q30RDL,,

0 <SHDR,;; < OHDR,,

0 <SXLq4; < QXL

0 <SLONXL,4; < QIONXL,

0 <S30RXL,q; < O30RXL,,
0 <SNDG,;; < ONDG,,,

0 <SIG,4; < 0IG, ,,

0 <S10NIG,,; < QIONIG, ,,

0 <S30RIG,4; < O30RIG, ,

forall b €BPL,j € J5;
forall b € BL,j €J;)°;
forall b €BPL,j €1y
forall b €BPL,j € PR
forall b € BPPR j € J5,;
for all d EDX, j €J;
foralld €DX,j € 1'%
forall d €DX,j € 2R
forall b € BYP%, k €K%y
forall d EDI, k €KE,
foralld €DI, k €K.S'; and

foralld €DI, k €K 3.

A dispatchable generation resource may be scheduled for energy and
operating reserve only if its commitment status variable, as
determined by the Pre-Dispatch Scheduling algorithm, is equal to 1.

For all time-steps ¢ € 7S:

0 < SDG,y; < ODGE* QDG

0 < S10SDG,p; < 01)0"95-0105906&1&,
0 < SIONDG,,; < ODGIE*-QLONDG,

0 < S30RDG,; < 01)6‘535 “@30RDG i

where

forall b€ B”C, k€ Kip;
forall b€ B”°, ke K19%;

forall be B”, ke K"
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9.5.2

9.5.3

9.5.4

9.5.5

9.5.6

9.5.7

ODG;}” is a fixed constant in the above constraints, per section 0.

Resource Minimums and Maximums

9.5.2.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm.

Off-Market Transactions

9.5.3.1  The constraints in sections 0 and 0 for inadvertent payback
transactions shall apply in the Pre-Dispatch Pricing algorithm.

9.5.3.2 In the case of emergency energy transactions, subject to section 0,
the constraints in sections 0 and 0 shall apply in the Pre-Dispatch
Pricing algorithm.

9.5.3.3 For all time-steps ¢ € 75 and all boundary entity resources scheduled

to import emergency energy that does not support an export d €
D tMNS:

Intertie Minimum and Maximum Constraints

9.5.4.1 The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well.

Operating Reserve Scheduling

9.5.5.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well.

Pseudo-Units

9.5.6.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well.

Dispatchable Hydroelectric Generation Resources

9.5.7.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well, with the following exceptions:

9.5.7.1.1 energy offerlaminations corresponding to the hourly must-
run amount shall be ineligible to set prices;
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9.5.7.1.2  minimum hourly output constraints shall be replaced by
the constraints in section 9.8; and

9.5.7.1.3 a dispatchable hydroelectric generation resource’s
schedule shall respect its forbidden regions and may only
set prices within the operating range determined by the
adjacent forbidden regions between which the resource
was scheduled.
9.5.8 Linked Wheeling Through Transactions

9.5.8.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
9.6.1 Energy Ramping

9.6.1.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.6.2 Operating Reserve Ramping

9.6.2.1  The constraints in section 0 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.6.3 Energy Limited Resources

9.6.3.1  The constraints in section 0 shall apply to energy limited resources. If
a resource$ maximum daily energy limitis binding, then the
constraints in section 9.8 shall also apply.

9.6.4 Dispatchable Hydroelectric Generation Resources

9.6.4.1 A dispatchable hydroelectric generation resource shall be scheduled
for energy to at least its minimum daily energy limit. Violation
variables for under-scheduling a resource’s minimum daily energy
/imit shall be provided to allow the pre-dispatch calculation engine to
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find a solution. For all dispatchable hydroelectric generation resource
buses b € B:

ODGEPS - MinQDGC,, + Z SDG, 1

t€TStod KEKE,

+ Z SMinDelViol,p,; | = MinDEL;yq
f=1--NMivru!).c',.ilr’io!ft

— EngyUsed,,.

9.64.1.1 If the pre-dispatch look-ahead period spans two

dispatch days, for all hydroelectric resource buses b e
BYE:

z ODG!PS - MinQDGC,, + z SDGyp

tETStom kEbe

+ Z SMinDelViol,p,; | = MinDEL4, p-

i=1.Npminpelviol;

9.6.4.2  The constraints in section 0 shall apply to a dispatchable hydroelectric
generation resource with a binding minimum daily energy limitin the
Pre-Dispatch Scheduling algorithm.

9.6.4.3  The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum
daily energy limits. Violation variables for scheduling resources above
the maximum aaily energy limit may be used to allow the pre-
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dispatch calculation engine to find a solution. For all sets se SHE and
all time-steps Te 75,,,:

Z Z ODGEPS - MinQDGC, + Z SDG, px

t=2.T \ b eBFE keKE),

+ Z 100RConv z S10SDGr . + Z S10NDGr

beBHE kEKFSS kekF9N

+ 300RConv Z S30RDGy p

30R
KEKT )

— Z SSMaxDelVioly s ; = MaxSDELy,q s — EngyUsedSHE;

f=1--NSMaxDeIVio!T

9.6.4.3.1 If the look-ahead period spans two dispatch days, then
for all sets s€ SHE and all time-steps T € 75,,,,:

Z z ODGFPS - MinQDGC,, + z SDG,

t=teom.T bEB_.;HE R’Ebe
\
+ Z 100RConv z S10SDGrpp + Z S10NDGy &
beBHE keKESS keKT Y /

+ 300RConv z S30RDGr 1
kEKZGR

SSMaxDelViolr c; = MaxSDEL;qpy,

i=1.Nsmaxpelvioly

where the factors 10 ORConv and 30 ORConv shall be applied to

scheduled ten-minute operating reserve and thirty-minute operating
reserve to convert MW into MWh.

9.6.4.4  The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not violate shared minimum
daily energy limits. Violation variables for scheduling resources below
the minimum daily energy limit may be used to allow the pre-dispatch
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calculation engine to find a solution. For all sets s€ SHE,,; and all
time-steps te 7S,

z Z ODG[P® - MinQDGC, + Z SDG, 1,

t€TStoq \b eBHE KEKE,

N Z SSMinDelViol,

i=1.NgpminDelviol;

= MinSDEL;,4 s — EngyUsedSHE;.

9.6.4.4.1 If the look-ahead period spans two dispatch days, then
for all sets s€ SHE and all time-steps t€ 7S,,,,:

Z Z ODGEPS - MinQDGC, + z SDGy px

tE€TStom \b EB‘fE kEbe

+ z SSMinDelViol, ;; | = MinSDEL,y, s.

i=1.Nsminpelviol,

9.7 Constraints for Reliability Requirements
9.7.1 Energy Balance

9.7.1.1  The constraint in section 0 shall also apply in the Pre-Dispatch Pricing
algorithm, except the marginal loss factors used in the energy balance
constraint in the Pre-Dispatch Pricing algorithm shall be fixed to the
marginal loss factors used in the last optimization function iteration of
the Pre-Dispatch Scheduling algorithm.

9.7.2 Operating Reserve Requirements

9.7.2.1  The constraints in section 0 shall also apply in the Pre-Dispatch
Pricing algorithm.

9.7.3 IESO Internal Transmission Limits

9.7.3.1  The constraints in section 0 shall also apply in the Pre-Dispatch
Pricing algorithm, except the sensitivities and limits considered shall
be those provided by the most recent security assessment function
iteration of the Pre-Dispatch Pricing algorithm.
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9.7.4

9.7.5

Intertie Limits

9.7.4.1  The constraints in section 0 shall also apply in the Pre-Dispatch

Pricing algorithm.

Penalty Price Variable Bounds

9.7.5.1  The following constraints shall restrict the penalty price variables to
the ranges determined by the constraint violation penalty curves for
the pricing algorithm. For all time-steps t€ TS:

0 < SLdViol,; = QLdViolPrc,;

0 = SGenViol,; = QGenViolPre;;

0 < S108Viol,; < QL0SViolPrcy;

0 < S10RViol,; < Q10RViolPre,;

0 < S30RViol,; < QB0 RViolPrc,;

0 < SREG10RViol,,; < QREGL0RViolPrc,;

0 < SREG30RViol,; < QREG30 RViolPrc,,

0 < SXREG10RViol,,; < QXREG10RViolPrc,,
0 = SXREG30 RViol,,; = QXREG30RViolPrc,,
0 < SPrelTLViol;,; < QPrelTLViolPrcy,,

0 < SITLViolg,.; < QITLViolPrcge,;

0 = SPreXTLViol,; < QPreXTLViolPrc, ;

0 < SNIUViol,; < QNIUViolPrc,;

0 = SNIDViol,; = QNIDViolPrc,;

0 < SMaxDelViol,,; < QMaxDelViolPrc,;;

0 = SMinDelViol,, ; = QMinDelViolPrc,

0 = SSMaxDelViol,; = QSMaxDelViolPrc,s,
0 = SSMinDelViol, ;; = QSMinDelViolPrc, ;

for all 7 €{1,... N qyi01,};

for all 7 €{1,.. Ngepvios};

for all 7 €{1,... Ny sy}

for all 7 € {1,.. Niogpre,)s

for all 7 €{1,.., N30 gprc,};

for all r € ORREG, i €{1,.,Nggci0rpre )
for all r € ORREG, i €{1,.,Nggazorpre,)s
for all r € ORREG, 1 €{1,..,Nxgiciorere )
for all € ORREG, 1 €{1,.., Nyggzorpre, )
forall f€ F, 1 €{1,.. Nprerripres,}s

forall c€ G FEF ;1 €{L,..,Npprpre, ., b
for all z € Zsqy, 1 €{1,.. Nprexripre, )

for all 7 €{1,... Nyprc, )i

for all 7 €{1,... Nypprc,};

for all b € BR, i € {1,.,Nyjaxpervion,
for all b € BY%, i € {1,.., Nsimpervior, };

for all s € SHE, i €{1,.., Ngpsaxpeivios, }; and

for all s € SHE, i €{1,.., Nopinpetvior,
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9.8 Constraints to Ensure the Price Setting Eligibility of
Offer/Bid Laminations

9.8.1 Commitment Status Variables

9.8.1.1 Commitment decisions shall be fixed to the commitment statuses of
resources calculated by the Pre-Dispatch Scheduling algorithm in

section 0. For all time-steps ¢ € 7S and all buses b € B°°:

ODG,, = ODG[}S.

9.8.2 Energy Limited Resources

9.8.2.1 For an energy limited resource with a maximum daily energy limitthat
was binding in the Pre-Dispatch Scheduling algorithm, the schedules
calculated by the Pre-Dispatch Scheduling algorithm shall determine
the price-setting eligibility of the resource’s energy and operating
reserve offer laminations. In each time-step, energy or operating
reserve laminations up to the total amount of energy and operating
reserve scheduled in the Pre-Dispatch Scheduling algorithm shall be

eligible to set prices. For bus 6 € AR if there exists a time-step 7 €
75,4 such that:

z (ODfogJS-Min.QDGCb + Z SDG{fL{i)
T

t=2.T KkeKE,
+ 1OORCOnv< Z S10SDGFY5, + z SlONDG-}'iﬁi)
kKLY kek G
+ BOORComJ( Z S3ORDG§.’ET1> = MaxDELyy, — EngyUsed,
keK2IR

9.8.2.1.1 then the maximum daily energy /limit constraint shall be
considered binding in the Pre-Dispatch Scheduling algorithm. In
such circumstances, the following constraints must hold for bus
b € BELR for all time-steps t€ TS,
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9.8.3

Z SDGpx < Z SDGEDS + ¢,
)

Z SDGypy + Z S10SDG, p 5 + Z S1ONDG, ;) + Z S30RDG,  x

keK, keKE9S kekioN kekioR
t—1
< MaxDELqpg — EngyUsedy — Z Z SDGFPS]
=2 keKE,

where €1s a small positive constant.

9.8.2.2  If the pre-dispatch look-ahead period spans two dispatch days, then
for bus b € BELR, if there exists a time-step T € T5,,,, such that:

z ODGEPS - MinQDGC,, + Z SDGEPs

t=trom.T kEbe

+ 100RConv Z S10SDGFD5, + z S10NDGFY5

108 10N
kEKLY: keKEY!

+ 300RConv Z S30RDGFYS, | = MaxDEL,op,

30R
KEKL )

9.8.2.2.1 then the maximum daily energy limit constraint is
considered to be binding for the next dispatch day in Pre-
Dispatch Scheduling algorithm. In such circumstances, the
following constraints must hold for bus b € B for all
time-steps ¢t € 7S;,,:

z SDGepx < z SDGEPS + ¢,
B

Z SDGy p e + z S10SDGyp . + Z S10NDG, p,j + z S30RDGy
keKE, keKEDS kek N kekOR
t—1

< MaxDELqgp p — z z SDGFS.

T=tom ke;(fb

where eis a small positive constant.

Dispatchable Hydroelectric Generation Resources
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9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the Pre-
Dispatch Scheduling algorithm, such resource shall also be scheduled
at or above its minimum hourly outputin the Pre-Dispatch Pricing
algorithm. The energy offer laminations corresponding to the
minimum hourly output amount shall be ineligible to set prices. If a
dispatchable hydroelectric generation resource with a minimum hourly
output amount receives a zero schedule in the Pre-Dispatch
Scheduling algorithm, the resource shall also receive a zero schedule
in the Pre-Dispatch Pricing algorithm and shall be ineligible to set
prices in the energy market. For all time-steps ¢ € 75 and

dispatchable hydroelectric generation resource buses b € B*

ODGFPS - MinQDGC,, + Z SDGpx = MinHO, , - OHOL}®

kEKE),

and for all k € K{ p:
0 < SDGypy < OHOPDS - QDGyp .

9.8.3.2  For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by
the Pre-Dispatch Scheduling algorithm. The resource’s schedule shall
be between the same start indication values as determined in the Pre-
Dispatch Scheduling algorithm. For all dispatchable hydroelectric

generation resource buses b € B and all time-steps ¢ € 7S:
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If 0 < ODG/" - MinQDGCp, + ¥ycis, SDGEpy < StartMWy,,,

then
0 < ODGFP® - MinQDGC, + Z SDG,,x < StartMW,; — 0.1
keKE,
If StartMWj,; < ODG.* -MinQDGC), + Y, keKE, SDGLY; < StartMW), ;. for
1 €{1,.,(NStartMW,,-1)},
then
StartMW,,; < ODGFP® - MinQDGC, + Z SDG¢ p &

kEKE,

= StartMW,;+, — 0.1
IfODGES - MinQDGCy, + Y, KE, SDGRy = StartMWy, ystaremw,»

then

ODG!PS - MinQDGC,, + Z SDGep e = StartMWy ystaremw,-

keKE,

9.8.3.3  For a dispatchable hydroelectric generation resource with a minimum
daily energy limit that was binding in the Pre-Dispatch Scheduling
algorithm, the offerlaminations corresponding to the energy
schedules calculated in the Pre-Dispatch Scheduling algorithm shall be
ineligible to set prices. For all dispatchable hydroelectric generation

resource buses b € B™ such that MinDEL,, > 0 and

z ODGFPS - MinQDGC,, + z SDG{P3 | < MinDELyoq, — EngyUsed,,

tE€TStod KEKE,

9.8.3.3.1 the following constraints must hold for all time-steps t€
7S,,4 and offer laminations k€ be:

SDGypx = SDGEp3.

9.8.3.3.2 If the pre-dispatch look-ahead period spans two
dispatch days, for all dispatchable hydroelectric
generation resource buses b € B such that
MinDEL,,,, >0 and
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ODGFPS - MinQDGC,, + z SDG{P% | < MinDELyopmp,

t€TStom kEKtBI-b

9.8.3.3.3 the following constraints must hold for all time-steps
te TS,,,, and offer laminations k€ be:

SDGypx = SDGEp3.

9.8.3.4  For a dispatchable hydroelectric generation resource with a shared
minimum daily energy limit that was binding in the Pre-Dispatch
Scheduling algorithm, the offer laminations corresponding to the
energy schedules calculated for all resources in the set se€ SHE in the
Pre-Dispatch Scheduling algorithm shall be ineligible to set prices.
Thus, for each set s€ SHE:

Z Z ODGEPS - MinQDGC, + Z SDGEPs

t€TStoq \b €BHE KEKE,

= MinSDEL;,4s — EngyUsedSHE,

9.8.3.4.1 the following constraints must hold for all time-steps t€
TSth E :

Z ODG,, - MinQDGC,, + Z SDG, p x

b €BHE KEKE,
> Z ODGFPS - MinQDGC,, + Z SDGPy |-
b €BHE keKE,

9.8.3.4.2 If the pre-dispatch look-ahead period spans two
dispatch days, then for each set se SHE:

Z ODG!P® - MinQDGC,, + Z SDG[P3 | | < MinSDELop s

tE€TStom \b EBS{{E kEKtB:b

9.8.3.4.3 the following constraints must hold for all time-steps t€
TStom:
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9.8.3.5

9.8.3.6

ODthb . M”I.QDGCB + Z SDGt.b.R
b eBE keKE,

> Z ODGFPS - MinQDGC, + Z SDGEES
b eBHE keKp),

For a dispatchable hydroelectric generation resource with a binding
maximum daily energy limitin the Pre-Dispatch Scheduling algorithm,
the schedules calculated in the Pre-Dispatch Scheduling algorithm
shall determine the price-setting eligibility of the resource’s energy
and operating reserve offer laminations as described in section 0.

For a dispatchable hydroelectric generation resource with a shared
maximum daily energy limit that was binding in the Pre-Dispatch
Scheduling algorithm, in each hour, the offerlaminations up to the
sum of energy and operating reserve schedules calculated in Pre-
Dispatch Scheduling algorithm for all resources in each set s€ SHE
will be eligible to set prices. For each set se SHE, if there exists Te
7S,,4 such that:

Z (Z (ODGEES-MmQDGCD+ Z snafﬁi))
t=2.T \beBHE kekE,

+ Z IOORConv( Z S10SDGFY5, + Z 510NDG§?,;‘;)

beRHE kEK2OS KEKFGN

+ 300RConv( Z S30RDGF§;'L) = MaxSDEL;,qs — EngyUsedSHE..

S0R
KEKT )

9.8.3.6.1 then the maximum daily energy limit constraint is
considered to be binding for the current dispatch day
in the Pre-Dispatch Scheduling algorithm. In such
circumstances, the following constraints shall apply for
all time-steps t€ 7S,
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Z Z SDGepy < Z Z SDGEPS + ¢,

beBHE kekf, beBHE kekE,
D | D SDGusk+ Y S108DGiuk+ > SIONDGuux+ ) S30RDGey
beBHE \kekf, kek19S kekFON kERTOR
t-1
< MaxSDELygqs — EngyUsedSHE, = ) " " SDGIES.

beBlE T=2 kekf,
where eis a small positive constant.

9.8.3.6.2 If the pre-dispatch look-ahead period spans two
dispatch days, if there exists a time-step Te 75, such
that:

Z Z ODGEP® - MinQDGC), + Z SDGFP%

t=tiom-T bEBS‘HE kEKEb

+ Z 100RConv z S10SDGTY% + Z S10NDGZRS,
beBHE KEK2OS KERZON

+ 300RConv Z S30RDGEYS. | | = MaxSDELy,,, o

kERFLT
9.8.3.6.3 then the maximum daily energy limit constraint is
considered to be binding for the next dispatch day in
the Pre-Dispatch Scheduling algorithm. In such

circumstances, the following constraints shall apply for
all time-steps t€ 7S,,,,:

Z Z SDGypy < Z Z SDGEPS + €,

beBHE kekE, beBHE kekE,

SDGypx + Z S10SDGyp e + z S10NDGyp e + z S30RDG, j x

beBHE \ kekF, ker oS kekEIN kekEOR

t-1
< MaxSDELyom s — z Z z SDGggi"

beBlE 1=tom kekf,

where € is a small positive constant.
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9.8.3.7  For a dispatchable hydroelectric generation resource for which a MiWh
ratio was respected in the Pre-Dispatch Scheduling algorithm, such
resource shall be scheduled between its Pre-Dispatch Scheduling
algorithm schedule plus or minus a tolerance A specified by the JESO.
The resource schedule shall be limited by its offer quantity bounds, in
section 0, and any applicable resource minimum or maximum
constraints, in section 0. For all linked downstream dispatchable
hydroelectric generation resources b, such that (b,,b,) € LNKC where
b, € Blf and b, € Bljf and all time-steps € TS:

ODG{P® - MinQDGCy,, + Z SDG{P®, — A < ODGP® - MinQDGCy, + Z SDG,p, x

KEKE), KEKE),

< ODGFPS - MinQDGC,, + Z SDGLPS, + A.

KEKE),

9.8.3.7.1 For all linked dispatchable hydroelectric generation
resources by such that (b,,b,) € LNKC where b, € Bliy

and b, € B%¥ and all time-steps ¢€ 7S such that ¢+
LagC'bl,bz < ny 4p-

ODG{p* - MinQDGC,, + Z SDG{P%, — A < ODG{p® - MinQDGC, + Z SDGy . x

KEKE), KEKEy,

< ODG{P® - MinQDGC,, + Z SDGPP%, + A.

9.9 Outputs

9.9.1 Outputs for the Pre-Dispatch Pricing algorithm include the following:
9.9.1.1  shadow prices;
9.9.1.2  /ocational marginal prices and their components; and

9.9.1.3  sensitivity factors.
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10 Constrained Area Conditions Test

10.1  Purpose
10.1.1 The Constrained Area Conditions Test shall:
10.1.1.1 identify when and where competition is restricted; and

10.1.1.2 determine which resources shall have their financial dispatch data
parameters be subject to the Conduct Test in section 11 and the
thresholds above the reference /levels that shall be used in the
Conduct Test.

10.2 Information, Sets, Indices and Parameters

10.2.1 The narrow constrained areas and dynamic constrained areas and the
information published therein in accordance with section 22 of Chapter 7 shall be
inputs for the Constrained Area Conditions Test.

10.2.2 Information, sets, indices and parameters for the Constrained Area Conditions
Test are described in sections 3 and 4. In addition, the following prices produced
by the Pre-Dispatch Pricing algorithm shall be used by the Constrained Area
Conditions Test:

10.2.2.1 LMP, PP which designates the /ocational marginal price for bus b € B
in time-step t € 7S,

10.2.2.2  PCongty’, which designates the congestion component of the
locational marginal price for bus b € Bin time-step t € TS;

10.2.2.3  ExtLMP"P", which designates the locational marginal price for intertie
bus d € D in time-step t € TS;

10.2.2.4  PExtCong,3", which designates the intertie congestion component of
the /ocational marginal price for intertie bus d € D in time-step t € T5;

10.2.2.5 PiIntCon MDP , Which designates the internal congestion component of
the /ocational marginal price for intertie bus d € D in time-step t € TS;

10.2.2.6  IntLMPLP*, which designates the intertie border price for intertie bus
d € Din time-step t € 7S;
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10.2.2.7 SPNormT;#”, which designates the shadow price for the pre-
contingency transmission constraint for facility f € F in time-step
te TS

10.2.2.8  SPEmT]2;, which designates the shadow price for the post-
contingency transmission constraint for facility f € Fin contingency
c€eCin time-step t € TS;

10.2.2.9 SPNIUExtBwdT!P?, which designates the shadow price for the net
interchange schedule limit constraint limiting increases in net imports
between time-step (¢£-1) and time-step §

10.2.2.10 L30RR}", which designates the /ocational marginal price for thirty-
minute operating reserve at bus b€ Bin time-step te TS

10.2.2.11 L10NPP*, which designates the /locational marginal price for non-

synchronized ten-minute operating reserve at bus b € B in time-step
te7s: and

10.2.2.12 L10sS. tlbDP , Which designates the /ocational marginal price for

synchronized ten-minute operating reserve at bus b € Bin time-step
te TS.

10.3 Variables

10.3.1 The pre-dispatch calculation engine shall use the constrained area conditions
tests in sections 10.4 and 10.5 to identify the resources that are part of the
following data sets:

10.3.1.1  BCond"“4, which designates the resourcesin a narrow constrained
area that must be checked for local market power for energy in time-
step t € 7S;

10.3.1.2  BCond?“4, which designates the resourcesin a dynamic constrained
area that must be checked for local market power for energy in time-
step teTS;

10.3.1.3  BCond?“4, which designates the resources in a broad constrained area
to be checked for local market power for energy in time-step ¢ € TS;

10.3.1.4  BCond“™, which designates the resources to be checked for global
market power for energy in time-step ¢ € 7S,
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10.3.1.5

10.3.1.6

10.3.1.7

10.3.1.8

10.3.1.9

10.3.1.10

BcCond'%S, which designates that resources to be checked for local
market power for synchronized ten-minute operating reserve in time-
step te TS

BcCond'°", which designates that resources to be checked for local
market power for non-synchronized ten-minute operating reserve in
time-step t € TS;

BcCond:°®, which designates that resources to be checked for local
market power for thirty-minute operating reserve in time-step ¢ € TS

BCond™P105 which designates that resources to be checked for
global market power for synchronized ten-minute operating reserve in
time-step t € TS;

BCond™P1ON which designates that resources to be checked for
global market power for non-synchronized ten-minute operating
reservein time-step t € 7S, and

BCondMP3OR which designates that resources to be checked for
global market power for thirty-minute operating reserve in time-step
teTs.

10.4 Constrained Area Conditions Test for Local Market
Power (Energy)

10.4.1

Constrained Area Conditions Test for narrow constrained areas and dynamic
constrained area

10.4.1.1

If at least one transmission constraint for a narrow constrained area
or dynamic constrained area is binding in the Pre-Dispatch Pricing
algorithm, then all resources identified within the narrow constrained
area or dynamic constrained area shall undergo the applicable
Conduct Test in section 11 and:

10.4.1.1.1 For each n € NCA and time-step ¢ € 7S: For each
transmission facility that transmits flow into n, fe FY“4, if
SPNormT[7*#0 or SPEmT; =0 for the inbound flow
limit, the pre-dispatch calculation engine will place nin the
set NCA/ and assign the resourcesin nto the set
BCondY“4; and

10.4.1.1.2 For each d € DCA and time-step ¢ € 7S: For each
transmission 7acility that transmits flow into d, fe F7“4, if
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SPNormT, ¥ #0 or SPEmT].¥ #0 for the inbound flow limit,
the pre-dispatch calculation engine will place din the set
DCA,’ and assign the resourcesin n to the set BCond?““.

10.4.1.2 Each narrow constrained area and dynamic constrained area that
meets the criteria in section 0 shall be assigned to one of the
following subsets, as appropriate:

10.4.1.2.1 NCcA/, which designates the narrow constrained areas that
qualify for market power mitigation for energy in time-step
te 7S and

10.4.1.2.2 DCA/, which designates the dynamic constrained areas
that qualify for market power mitigation for energy in
time-step ¢t € 75.

10.4.2 Constrained Area Conditions Test for the Broad Constrained Area

10.4.2.1 If the congestion component of the /ocational marginal price of a
resource is greater than BCACondThresh and the resource is not part
of a narrow constrained area or dynamic constrained area that has a
binding transmission constraint, then the resource shall be tested
using the broad constrained area thresholds. For each time-step
t€e TS and bus b€ B”¢ such that b & BCondY“* U BCond?“4, if
PCongty” > BCACondThresh, the pre-dispatch calculation engine will
then place resource b in the set BCond?““.

10.5 Constrained Area Conditions Test for Global Market
Power (Energy)

10.5.1 The pre-dispatch calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to section 0, if:

10.5.1.1 the intertie border prices at the global market power reference intertie
zones are greater than the /BPThresh threshold value, indicated in
time-step ¢ € 7S by:

10.5.1.1.1 IneLMPL?" > IBPThresh for bids and offers, d e D“MPRef

corresponding to the boundary entity resource bus for the
global market power reference intertie zones;, and

10.5.1.2 at least one of the following conditions is met:
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10.5.1.2.1 import congestion, represented by a negative /intertie
congestion component, is present on all of the global
market power reference intertie zones, indicated in time-
steps t={2,3} by:

10.5.1.2.1.1 PExtCong,y" < 0 for bids and offers,
d € DMPRel. corresponding to the
boundary entity resource bus for the
global market power reference intertie
Zone; or

10.5.1.2.1.2 the net interchange schedule limit is
binding for imports, represented by a
non-zero net /interchange schedule limit
shadow price for incremental imports,
indicated in time-steps t= {2,3} by:

SPNIUEXtBwd T # 0

10.5.2 If the conditions in sections 0 are met, then the pre-dispatch calculation engine
shall test resources that can meet incremental load within Ontario for global
market power, for each time-step ¢t € 75, place all b € B° in the set
BCond“™P, unless they are excluded because one of the following two conditions:

10.5.2.1 the resources in any zone have congestion components at least
$1/MWh below the internal congestion component at all of the globa/
market power reference intertie zones.

10.5.2.1.1 if PCongly"<PIntCong,y" — $1/MWh where d € DEMPRef jg

true for all global market power reference intertie zones;
or

10.5.2.2 the resources cannot meet the incremental load because of a binding
transmission constraint:

10.5.2.2.1 if resources cannot meet incremental load because of any
binding transmission facility where SPNormT;?"#0 or
SPEmT]LF #0.
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10.6

10.6.1

10.6.2

10.7

10.7.1

10.7.2

Constrained Area Conditions Test for Local Market
Power (Operating Reserve)

Subject to section 0, for a regional minimum requirement of greater than zero
for a specific class of operating reserve, then all resources within the region with
offers for classes of gperating reserve that can satisfy the requirements of the
specific class of ogperating reserve shall be tested for local market power:

10.6.1.1 if bis in a region with a non-zero minimum requirement, then b is
subject to the Conduct Test and is placed in the set
BCond:®5, BCond'*",or BCond:°?

A resource shall not qualify for local market power mitigation testing for
operating reserve if the resourceis located in a region with a binding maximum
constraint and for each resource b € B?¢ u B°* and time-step t € TS:

10.6.2.1 if bisin a region with a binding maximum restriction constraint, then
b is exempt from the Conduct Test.

Constrained Area Conditions Test for Global Market
Power (Operating Reserve)

A resource shall be subject to global market power mitigation testing for
operating reserve if its offers for a class of operating reserve where the

locational marginal price for that class of operating reserve is greater than
ORGCondThresh.

Subject to section 0, if the condition in section 0 has been met for a class of
operating reserve, then all resources with offers for classes of operating reserve
that can satisfy the requirements of that class of operating reserve shall be
tested and for each b € B¢ u B”F and time-step t € TS:

10.7.2.1 if L10SP[’" > ORGCondThresh, the pre-dispatch calculation engine
shall add resource bto BCond?™F1%s,

10.7.2.2 if L1ONP/P" > ORGCondThresh, the pre-dispatch calculation engine
shall add resource bto BConds™F1oV; and

10.7.2.2  if L30RP" > ORGCondThresh, the pre-dispatch calculation engine
shall add resource bto BCond™3oR,
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10.7.3

10.8

10.8.1

11

11.1

11.1.1

11.2

11.2.1

11.3

11.3.1

If a resourceis located in a region with a binding regional maximum constraint,
then the resource shall not qualify for global market power mitigation testing for
operating reserve:

10.7.3.1 if bis in a region with a binding maximum constraint, then b shall be
exempt from the Conduct Test.

Outputs

Outputs of the Constrained Area Conditions Test include the list of resources that
will be subject to the Conduct Test in section 11 and the thresholds that will be
used in the Conduct Test for those resources.

Conduct Test

Purpose

The Conduct Test shall verify whether the financial dispatch data parameter
values submitted by registered market participants for resources identified in
section 0 are within the applicable threshold level of the reference level values
for those resources.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters for the Conduct Test are described in
sections 3 and 4. In addition, the list of resources produced pursuant to section 0
shall be used by the Conduct Test.

Variables

The pre-dispatch calculation engine shall apply the Conduct Test set out in
sections 11.4 and 11.5 to the resources identified by the Constrained Area
Conditions Test in accordance with section 10.8, to identify the following data
sets:

11.3.1.1 The sets of resources that failed the Conduct Test for at least one
financial dispatch data parameter, where:

11.3.1.1.1 BCT designates the resourcesin a narrow
constrained area that failed the Conduct Test for at
least one financial dispatch data parameter in time-
step te TS,
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11.3.1.2

11.3.1.1.2

11.3.1.1.3

11.3.1.1.4

11.3.1.1.5

11.3.1.1.6

BCTP“ designates the resourcesin a dynamic
constrained area that failed the Conduct Test for at
least one financial dispatch data parameter in time-
step te TS,

BCT?“ designates the resources in a broad
constrained area that failed the Conduct Test for at
least one financial dispatch data parameter in time-
step te TS,

BCTEMP designates the resources that failed the global
market power for energy Conduct Test for at least one
financial dispatch data parameterin time-step te TS,

BCTPRL designates the resources that failed the local
market power for operating reserve Conduct Test for at
least one dispatch data parameter in time-step t€ 75;
and

BCTPR¢ designates the resources that failed the global
market power Conduct Test for gperating reserve for at
least one financial dispatch data parameter in time-
step te TS.

The following financial dispatch data parameters for all time-steps

teTs.

11.3.1.2.1

11.3.1.2.2

PARAME, ;, which designates the set of dispatch data
parameters that failed the energy Conduct Test at bus
be {BCT4 u BCTP“4 u BCTP“ u BCTEMPY in time-step
t, and may include the following financial dispatch data
parameters.

11.3.1.2.1.1  EnergyOfter;, which designates a non-
zero quantity of energy above the
minimum loading point in association
with offer lamination k€ K%, failed the
Conduct Test;

For all hours prior to and including the last hour where
conditions are met for the energy Conduct Test:

11.3.1.2.2.1  EnergyToMLB,, which designates the
non-zero quantity of energy up to the
minimum loading pointin association
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11.3.1.2.3

11.3.1.2.4

with offerlamination k€ K%;™-” failed
the Conduct Test;

11.3.1.2.2.2  SUOfter, which designates the start-up
offer failed the Conduct Test; and

11.3.1.2.2.3  SNLOffer, which designates the speed
no-load offer failed the Conduct Test.

PARAMOR, ), designates the set of financial dispatch
data parameter that failed the operating reserve
Conduct Test for bus b€ {BCT?®E U BCTPRCY in time-
step t, and may include the following financial dispatch
data parameter

11.3.1.2.3.1 OR10S0ffer;, which designates the non-
zero quantity of synchronized ten-
minute operating reserve in association
with offer lamination k € K7}’ failed the

Conduct Test;

11.3.1.2.3.2  OR10NOffer,, which designates the
non-zero quantity of non-synchronized
ten-minute operating reserve in
associciation with offer lamination ke
K" failed the Conduct Test; and

11.3.1.2.3.3  OR30ROffer,, which designates the non-
zero quantity of thirty-minute operating
reserve in association with offer
lamination 4 € £33 failed the Conduct

Test;

For all hours prior to and including the last hour where
conditions are met for the operating reserve Conduct
Test:

11.3.1.2.4.1 SUOffer, which designates the start-up
offer failed the Conduct Test;

11.3.1.2.4.2  SNLOffer, which designates the speed
no-load offer failed the Conduct Test;
and
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11.3.1.2.4.3  EnergyToMLPF,, which designates the
non-zero quantity of up to the
minimum loading pointin association
with offerlamination k€ k7%, failed the
Conduct Test.

11.4 Conduct Test for Energy

11.4.1

The pre-dispatch calculation engine shall perform the Conduct Test for energy
for resources in a narrow constrained area that were identified pursuant to
section 0 as follows, subject to sections 0 and 0. For each time-step ¢ € 7.Sand
b € BCondY“, the pre-dispatch calculation engine shall:

11.4.1.1 Evaluate energy offers above minimum loading point. For all k €
Kep, if PDG,y, > min (PDGRef, , -+(abs(PDGRef, ;) *
CTEnThresh1V4), PDGRef, ;, + CTEnThresh2V?) , where k'€ /(fb
then the Conduct Test was failed by the resource at bus b6 and the
pre-dispatch calculation engine shall assign the resource to subset
BCT’[VCA and add EnergyOffer, to PARAME ;

11.4.1.2 Evaluate offers for energy for the range of production up to minimum
loading point. For all time-steps prior to and including the last time-
step where conditions are met for the Constrained Area Conditions
Test, for all k € ki;™“", if PLTMLP,},; > CTEnMinOffer and
PLTMLP,, ;> min (PLTMLPRef, ;- +
(abs(PLTMLPRef, ;) * CTEnThresh1¥4), PLTMLPRef,}, - +
CTEnThresh2V“4, where k'€ K, then the Conduct Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall
assign the resource to subset BCTY“4 and add EnergyToMLP, to
PARAME,;, and PARAMOR,,;

11.4.1.3 Evaluate start-up offers: For all time-steps prior to and including the
last time-step t where conditions are met for the Constrained Area
Conditions Test in section 10, if SUDG,;, >
SUDGRef; ,+(abs(SUDGRet, ;) * CTSUThresh"“4), then the Conduct
Test was failed by the resource at bus b and the pre-dispatch
calculation engine shall assign the resource to subset BCTY“4 and
add SUOfferto PARAME,, and PARAMOR,,;; and

11.4.1.4 Evaluate speed no-load offers. For all time-steps prior to and
including the last time-step where conditions are met for the
Constrained Area Conditions Test, if SNL,;, >
SNLRef,,+(abs(SNLRef ) * CTSNL ThreshV?), then the Conduct Test
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was failed by the resource at bus b and the pre-dispatch calculation
engine shall assign the resource to subset BCT“4 and add SNLOffer
to PARAME,, and PARAMOR,,.

11.4.2 For resources identified pursuant to section 0 in a dynamic constrained area or
broad constrained area, the pre-dispatch calculation engine shall use the steps in
section 0, using resourcesin BCond?“4 or BCond?““, as the case may be, in place
of BCond'“! and using the applicable Conduct Test thresholds CTEnThresh1P¢,
CTEnThresh2P“A, CTEnThresh1%4, CTEnThresh2%¢4, CTSUThresh”“,
CTSUThresh?“4, CTSNL Thresh”“4, CTSNLThresh®“, If any of the financial
dispatch data parameters of a resource fail the Conduct Test, the resource shall
be assigned to subset BCTP“! or BCT?“Y, as the case may be.

11.4.3 For resources identified pursuant to section 0 that were selected for global
market power mitigation testing for energy, the pre-dispatch calculation engine
shall use the steps in section 0, using resourcesin BCond?™” in place of
BCondY“4 and the applicable global market power Conduct Test thresholds
CTEnThresh1“MF, CTEnThresh2®MF, CTSUThresh®™F, CTSNL Thresh®™?, If any of
the applicable financial dispatch data parameters of a resource fails the Conduct
Test, the resource shall be assigned to subset BCTFMP.

11.4.4 If a resource is assigned to more than one of the sets, BCondY‘4, BCond?“*,
BCond®“4, and BCond®™?, only the Conduct Test with the most restrictive
threshold levels shall be performed for that resource.

11.5 Conduct Test for Operating Reserve

11.5.1 The pre-dispatch calculation engine shall perform the Conduct Test for local
market power for ogperating reserve for resources that were identified pursuant
to section 0, as follows, subject to 0. For each time-step t € 7Sand b €
BCond:®S U BCond:®N U BCond°%, the pre-dispatch calculation engine shall:

11.5.1.1 Evaluate offers for operating reserve as follows:

11.5.1.1.1  forall ke ki3 such that P10SDG, > CTORMinOffer
and P10SDG,; >
min (P10SDGRef; p, i+ (abs(P10SDGRef ) *
CTORThresh19kL), P10SDGRef,}, ;- + CTORThresh2°Rt),

where k'€ /(,’5,‘;5, then the Conduct Test was failed for
the resource at bus b and the pre-dispatch calculation
engine shall assign the resource to subset BCTtORL and

add OR1050ffer; to PARAMOR; ;
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11.5.1.1.2  for all k€ K}y" such that P1ONDG, > CTORMinOfter

and
P10NDG,;, > min (P10NDGRef, , ;-+(abs(P10NDGRef,, ) *

CTORThresh19%"), P1ONDGRef, j,x + CTORThresh2°%"),

where k'€ K}{ZN, then the Conduct Test was failed for

the resource at bus b and the pre-dispatch calculation

engine shall assign the resource to subset BCTtORL and
add ORI10NOffer; to PARAMOR; ;

11.5.1.1.3  for all k€ k3" such that P30RDGy x> CTORMinOffer

and
P30RDG, ;. > min (P30RDGRef, }, +(abs(P30RDGRef, ;) *

CTORThresh1°%"), P30RDGRef, ;- + CTORThresh29R"),

where k'€ K,'f,ZR, then the Conduct Test was failed for

the resource at bus b and the pre-dispatch calculation

engine shall assign the resource to subset BCTtORL and
add OR30ROffer to PARAMOR; p,

11.5.1.1.4  forall j € Ji5 if P10SDL, ;> CTORMinOffer and
P10SDLy,; > min(P10SDLRef, ,,  +
(abs(P10SDLRef; p ;) *

CTORThresh1°R), P1OSDLRef, ), i +

CTORThresh2°RL), where j’EJggs, then the Conduct

Test was failed for the dispatchable load at bus b and
the day-ahead market calculation engine shall assign
the resource to subset BC TfRL and add OR10SOffer; to
PARAMOR, ;;

11.5.1.1.5  forall j € J3" if PIONDL,}; > CTORMinOfferand
P10NDL;y ; > min(P1ONDLRef, ) j» +
(abs(P1ONDLRef;p, ;) *
CTORThresh1°Rt), PIONDLRef, p, ; +
CTORThresh2°RL), where j'e Jf", then the Conduct
Test was failed for the dispatchable load at bus b and
the day-ahead market calculation engine shall assign
the resource to subset BCT?RL and add OR10NOffer; to
PARAMOR ; and

11.5.1.1.6  forall je Z5if P30RDL,,,; > CTORMinOffer and
P30RDL,;,; > min(P30RDLRef,, i +
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11.5.2

(abs(P30RDLRef,, ;) * CTORThresh1°RL),
30R

P30RDLRefy, -+ CTORThresh2°f"), where j'€ J7p ",
then the Conduct Test was failed for the dispatchable
load at bus b and the day-ahead market calculation

engine shall assign the resource to subset BC7t0RL and
add OR30ROffery to PARAMOR,p;

11.5.1.2 Evaluate start-up offers: For all time-steps prior to and including the
last time-step where conditions are met for the Constrainted Area
Conditions Test, if SUDG,,> SUDGRef,,+(abs(SUDGRef, ;) *
CTSUThreshR), then the Conduct Test failed for the resource at bus
b and the pre-dispatch calculation engine shall assign the resource to
subset BCTP*: and add SUOfferto PARAMOR,;, and PARAME,;

11.5.1.3 Evaluate speed no-load offers. For all time-steps prior to and
including the last time-step where conditions are met for the
Constrainted Area Conditions Test, if SNL,,>
SNLRef,,+(abs(SNLRef ) * CTSNLThresh®*" ), then the Conduct Test
was failed for the resource at bus b and the pre-dispatch calculation
engine shall assign the resource to subset BCTP! and add SNLOffer
to PARAMOR,, and PARAME,,; and

11.5.1.4 Evaluate offers for energy for the range of production up to the
minimum loading point. For all time-steps prior to and including the
last time-step where conditions are met for the Constrainted Area
Conditions Test, for all ke K%, if
PLTMLP,, ;> min (PLTMLPRef, ;- +
(abs(PLTMLPRef;}, ) * CTEnThresh1°RL), PLTMLPRef,}, - +
CTEnThresh2°RY), where k' € K/, then the Conduct Test was failed
for the resource at bus b and the pre-dispatch calculation engine shall
assign the resource to subset BCTPR" and add EnergyToMLP; to
PARAMOR,, and PARAME, .

The pre-dispatch calculation engine shall perform the Conduct Test for global
market power for operating reserve for resources that were identified pursuant
to section 0. The pre-dispatch calculation engine shall use the steps set out in
section 0 using resourcesin BConds™™%5, BCond™™™ON, and BCond™P°k in
place of BCond:®*, BCond:*", and BCond°R, respectively, and the applicable
Conduct Test thresholds (CTORThresh1°R¢, CTORThresh2R¢, CTSUThresh®R¢,
CTSNLThreshPR¢, CTEnThresh1°R¢, CTEnThresh29R%¢). The resources shall be
assigned to the subset BCTORC.
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11.5.3

11.6

11.6.1

If a resource is assigned to more than one of BCond“™*1%5, BCond™™™°V, and
BCond¢MP30R only the Conduct Test with the most restrictive threshold levels
shall be performed for that resource.

Outputs

Subject to section 0, the outputs of the Conduct Test shall include the following
for each time-step t€ 7&:

11.6.1.1 The set of resources that failed the Conduct Test for at least one
financial dispatch data parameter by condition type;

11.6.1.2 The financial dispatch data parameters that failed the Conduct Test
for the resource at bus b; and

11.6.1.3 Arrevised set of financial dispatch data parameters replaced with
reference level values for resources that:

11.6.1.3.1 has one or more financial dispatch data parameters
that failed a Conduct Test for the current pre-dispatch
calculation engine run; and

11.6.1.3.2 has one or more financial dispatch data parameters
that failed both the Conduct Test and failed the Price
Impact Test in previous pre-dispatch calculation engine
runs.

11.6.1.4 For offers for energy and operating reserve with multiple laminations:

11.6.1.4.1 if the offer lamination for energy that corresponds to
the minimum loading point fails the Conduct Test, the
pre-dispatch calculation engine shall replace all offer
laminations for energy up to the minimum loading
point;

11.6.1.4.2 if one or more offer laminations for energy above the
minimum loading point fails the Conduct Test, the pre-
dispatch calculation engine shall replace all offer
laminations for energy up to and above the minimum
loading point; and

11.6.1.4.3 if one or more offer laminations for operating reserve
fails the Conduct Test, the pre-dispatch calculation
engine shall replace all offer laminations for operating
reserve.
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11.6.1.5 For a non-quick start resource whose start-up offer failed the Conduct
Test, identified in section 0, the pre-dispatch calculation engine shall
use the start-up offer reference level value to evaluate any
advancements pursuant to section 5.7.

11.6.2 The pre-dispatch calculation engine shall not replace the financial dispatch data
parameter for a resource with that resource’s applicable reference level value if
the financial dispatch data parameter is less than the corresponding reference
level value.

12 Reference Level Scheduling

121 Purpose

12.1.1 The pre-dispatch calculation engine shall perform the Reference Level Scheduling
algorithm where at least one financial dispatch data parameter for a resource
failed the Conduct Test in section 11.

12.1.2 The Reference Level Scheduling algorithm shall perform a security~constrained
unit commitment and economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants, including reference
level value for resources subject to 0 and 0, to meet the JESO’s province-wide
non-dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the pre-dispatch look-ahead period.

12.2 Information, Sets, Indices and Parameters

12.2.1 Information, sets, indices and parameters used by the Reference Level
Scheduling algorithm are described in section 3 and section 4. In addition, the
list of resources that failed the Conduct Test from section 0 and a revised set of
financial dispatch data parameters from section 0, for those resources shall be
used by the Reference Level Scheduling algorithm

12.2.2 The Reference Level Scheduling algorithm shall use the reference level value that
corresponds to any financial dispatch data parameter submitted for a resource
that failed the Conduct Test.

12.3 Variables and Objective Function

12.3.1 The pre-dispatch calculation engine shall solve for the variables listed in section
0.
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12.3.2

12.4

12.4.1

12.5

12.5.1

13

13.1

13.1.1

13.1.2

13.2

13.2.1

The objective function for the Reference Level Scheduling algorithm shall be the
same as the objective function in section 0, subject to section 12.4.

Constraints

The constraints in sections 8.4 through 8.7 apply in the Reference Level
Scheduling algorithm, except that the sensitivities and limits considered for IESO
internal transmission limits shall be those provided by the most recent security
assessment function iteration of the Reference Level Scheduling algorithm.

Outputs

Outputs of the Reference Level Scheduling algorithm include resource schedules
and commitments.

Reference Level Pricing

Purpose

The pre-dispatch calculation engine shall perform the Reference Level Pricing
algorithm whenever the Reference Level Scheduling algorithm has been
performed.

The Reference Level Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data submitted
by registered market participants, reference level value for resources subject to 0
and 0, and resource schedules and commitments produced by the Reference
Level Scheduling algorithm, to meet the /£SO’ province-wide non-dispatchable
demand forecast and IESC-specified operating reserve requirements for each
hour of the pre-dispatch look-ahead period.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Reference Level Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedule and commitments from the Reference Level Scheduling algorithm shall
be used by the Reference Level Pricing algorithm:

13.2.1.1 SDGfgj( , Which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC,, at bus
b € BFLR y BYE in time-step ¢ € TS in association with lamination
ke be}
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13.2.1.2  0DGYS, which designates whether a dispatchable generation resource
at bus b € B¢ was scheduled at or above its minimum loading point
in time-step ¢t € TS;

13.2.1.3 S105D t/f,fk, which designates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus » € B2% u B in time-step ¢ € 7Sin

association with lamination k& 1;25;

13.2.1.4  SI0NDG, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BFR v BHE in time-step ¢ € 7Sin
association with lamination & € £33";

13.2.1.5 SBORDG@?}, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € BLR u B"E in time-step ¢ € T'Sin association with
lamination & € £3%%; and

13.2.1.6  0OHO?, which designates whether the dispatchable hydroelectric

generation resource at but b € B"F has been scheduled at or above
MinHO,; in time-step ¢t € TS.

13.2.2 The Reference Level Pricing algorithm shall use a resource’s reference level value
for any financial dispatch data parameters submitted by registered market
participants that failed the Conduct Test in Section 11.

13.3 Variables and Objective Function

13.3.1 The pre-dispatch calculation engine shall solve for the variables set out in section
0.

13.3.2 The objective function used in the Reference Level Pricing algorithm shall be the
same as the objective function set out in section 0, subject to section 13.4.

13.4 Constraints

13.4.1 The constraints that apply in the Reference Level Pricing algorithm shall be the
same as the constraints in sections 9.4 through 9.8, with the following
exceptions:

13.4.1.1 the marginal loss factors used in the energy balance constraint in
section 0 shall be fixed to the marginal loss factors used in the last
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13.5

13.5.1

optimization function iteration of the Reference Level Scheduling
alogorithm;

13.4.1.2 the sensitivities and limits in section 0 shall be replaced with the most
recent security assessment function iteration of the Reference Level
Pricing algorithm; and

13.4.1.3 for the constraints in section 9.8, the outputs from the Pre-Dispatch

Scheduling algorithm shall be replaced with the outputs from the
Reference Level Scheduling algorithm as follows:

13.4.1.3.1 SDGZ’ZS;( shall be replaced by SDGféf}( forall te 75, be
Ry B k € K

13.4.1.3.2 ODG‘ZZS shall be replaced by ODG%S forall te 75, be
£,

13.4.1.3.3 1062’25 shall be replaced by JDfo,s forall te 75, be
B¢,

13.4.1.3.4  S10SDG{py shall be replaced by S10SDGFg for all
teTS, beB™ uB™, kek;

13.4.1.3.5  S10NDG{px shall be replaced by SIONDGg g for all
teTS, beB™ uB™, kek};

13.4.1.3.6 530RDG’§Z§( shall be replaced by 530RDG§Z;§/( for all
te 7S be By BHE, ke k‘ggR; and

13.4.1.3.7  0HO.)® shall be replaced by 0HO%* for all te 75 be
B,

Outputs
Outputs of the Reference Level Pricing algorithm include the following:
13.5.1.1 shadow prices; and

13.5.1.2 /Jocational marginal prices and their components.
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14 Price Impact Test

141 Purpose

14.1.1 The pre-dispatch calculation engine shall perform the Price Impact Test
whenever at least one financial dispatch data parameter for a resource failed the
Conduct Test.

14.1.2 The Price Impact Test shall:

14.1.2.1 compare the locational marginal prices for energy or operating
reserve produced by the Pre-Dispatch Pricing algorithm with those
produced by the Reference Level Pricing algorithm; and

14.1.2.2 consider the corresponding offer parameters to have failed the price
impact test if the difference in price in section 0 is greater than the
applicable impact threshold in section 0.

14.2 Information, Sets, Indices and Parameters

14.2.1 Information, sets, indices and parameters for the Price Impact Test are described
in sections 3 and 4. In addition, the following /ocational marginal prices from the
Pre-Dispatch Pricing algorithm and the Reference Level Pricing algorithm shall be
used:

14.2.1.1 LMP, PP which designates the /ocational marginal price for energy at
bus b€ Bin time-step t€ 7S from the Pre-Dispatch Pricing algorithm;

14.2.1.2  L30RA;”, which designates the /ocational marginal price for thirty-
minute operating reserve at bus b€ Bin time-step te 7S from the
Pre-Dispatch Pricing algorithm;

14.2.1.3  L10NPP*, which designates the /locational marginal price for non-
synchronized ten-minute operating reserve at bus b € B in time-step
t€ TS from the Pre-Dispatch Pricing algorithm;

14.2.1.4 L10S. tlbDP , Which designates the /ocational marginal price for

synchronized ten-minute operating reserve at bus b€ Bin time-step
te TS from the Pre-Dispatch Pricing algorithm;

14.2.1.5 LMPE*, which designates the /ocational marginal price for energy at
bus b€ Bin time-step t€ TS from the Reference Level Pricing
algorithm;
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14.2.1.6

14.2.1.7

14.2.1.8

L30RPEY, which designates the /ocational marginal price for thirty-
minute operating reserve at bus b€ Bin time-step te 75 from the
Reference Level Pricing algorithm;

L10NF, “LP which designates the /ocational marginal price for non-
synchronized ten-minute operating reserve at bus b € Bin time-step
te TS from the Reference Level Pricing algorithm; and

L10SPEE?, which designates the /ocational marginal price for
synchronized ten-minute operating reserve at bus b € B in time-step
t€ TS from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1

The pre-dispatch calculation engine shall apply the Price Impact Test as set out
in sections 14.4 and 14.5 for the resources identified in accordance with section
0, to identify:

14.3.1.1

A set of resources that failed the Price Impact Test for each condition
for all time-steps ¢ € TS, where:

14.3.1.1.1 BIT4 designates the resourcesin a narrow
constrained area that failed the Price Impact Test for
the /locational marginal price for energy;

14.3.1.1.2  BITP“ designates the resourcesin a dynamic
constrained area that failed the Price Impact Test for
energy locational marginal price;

14.3.1.1.3 BITP“4 designates the resourcesin a broad constrained
area that failed Price Impact Test for energy locational
marginal price,

14.3.1.1.4  BIT™” designates the resources that failed the Global
Market Power (energy) Price Impact Test for energy
locational marginal price;

14.3.1.1.5  BITPRE designates the resources that failed the Local
Market Power (operating reserve) Price Impact Test for
at least one type of operating reserve locational
marginal price,

14.3.1.1.6  BITPRC designates the resources that failed the Global
Market Power (operating reserve) Price Impact Test for
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14.4

14.4.1

at least one type of operating reserve locational
marginal price, and

14.3.1.1.7 LMPIT,, designates the /ocational marginal price that
failed the Price Impact Test for bus b€ BITV“4 u
BITP“4 0 BITPY v BITEMP U BITPRE U BITORC in time-
step te 7Sand

14.3.1.2 Locational marginal prices for energy and operating reserve for each
resource at bus b€ B¢ u B that failed the Price Impact Test,
where:

14.3.1.2.1 EnergyLMP designates that the /ocational marginal
price for energy failed the Price Impact Test;

14.3.1.2.2 OR10SLMP designates that the synchronized ten-
minute operating reserve locational marginal price
failed the Price Impact Test;

14.3.1.2.3 OR10 NLMP designates that the non-synchronized ten-
minute operating reserve locational marginal price
failed the Price Impact Test; and

14.3.1.2.4 OR30RLMP designates that the thirty-minute operating
reserve locational marginal price failed the Price
Impact Test.

Price Impact Test for Energy

The pre-dispatch calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for energy in
section 0, as follows:

14.4.1.1 For local market power for energy.

144.1.1.1 For each time-step t€ T'Sand b€ BCTM, if LMPERP >
min(LMPFP + (abs(LMPEER) «
ITThresh1N“4), LMPE}? + ITThresh2N¢4), the Price

Impact Test was failed by the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to
subset BIT4 and add EnergyLMPto LMPIT,;;
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14.5

14.5.1

14.4.1.2

14.4.1.1.2

14.4.1.1.3

For each time-step t€ TSand b€ BCTP, if LMPERP? >
min(LMP{® + (abs(LMPELF) * ITThresh1P¢4),
LMPEP + ITThresh2P¢4), the Price Impact Test was

failed by the resource at bus b and the pre-dispatch
calculation engine shall assign the resource to subset
BITP“Y and add EnergyLMPto LMPIT,; and

For each time-step t€ TSand b€ BCTF“, if

LMP{P? > min(LMPEEP + (abs(LMPSP) «
ITThresh1B¢4), LMPRLP + ITThresh2B¢4), the
Price Impact Test was failed by the resource at bus b
and the pre-dispatch calculation engine shall assign the
resource to subset BITPY and add EnergyLMPto
LMPIT, ,; and

For global market power for energy:

14.4.1.2.1

For each time-step t€ T'Sand b € BCTSM?, if

LMP{PP > min(LMPEF + (abs(LMPS®) «
ITThresh1MP), LMP&? + ITThresh26MP), the
Price Impact Test was failed by the resource at bus b
and the pre-dispatch calculation engine shall assign the
resource to subset BITFMP and add EnergyLMPto
LMPIT,,

Price Impact Test for Operating Reserve

The pre-dispatch calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for operating
reserve in section 0, as follows:

14.5.1.1

For local market power for gperating reserve, for each time-step
teTSand b € BCTOR::

14.5.1.1.1

If L30RPPP> L30RPEL, then the Price Impact Test
was failed by the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to
subset B/TPR" and add OR30RLMPto LMPIT,,;
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14.6

14.6.1

14.5.1.1.2  If LIONPPP> L10NPE)”, then the Price Impact Test

was failed by the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to
subset B/7PRL and add OR10NLMPto LMPIT,,; and

14.5.1.1.3  If L10SPPP> L10SPSY, then the Price Impact Test

was failed by the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to
subset B/7PRL and add OR10SLMPto LMPIT,,; and

14.5.1.2  For global market power for operating reserve, for each time-step
te TSand b € BCTORC:

14.5.1.2.1  If L30RPPP> min(L30RPE” +(abs(L30RPEY) *
ITThresh19R¢), L30RPSY + ITThresh29R6), then the

Price Impact Test was failed by resource at bus b and
the pre-dispatch calculation engine shall assign the
resource to subset BITPR" and add OR30RLMP to
LMPIT,;

14.5.1.2.2  If LIONPIP"> min(L10ONPEP + (abs(L10ONPE"Y) *
ITThresh19R¢), L1ONPEL" + ITThresh2°%¢), then the

Price Impact Test was failed by the resource at bus b
and the pre-dispatch calculation engine shall assign the
resource to subset BITPRY and add OR10 NLMP

to LMPIT,,; and

14.5.1.2.3  If L10SPPP> min(L10SES" + (abs(L10SP") *
ITThresh19¢), L10SP" + ITThresh2°%¢), then the

Price Impact Test was failed by the resource at bus b
and the pre-dispatch calculation engine shall assign
resource to subset BITPRY and add OR10SLMP

to LMPIT, .

Revised Financial Dispatch Data Parameter
Determination

A resource that fails the Price Impact Test in a time-step (t) shall have its
financial dispatch data parameters revised as follows:

14.6.1.1 If the resource has failed a Price Impact Test for energy and is in
BITNCA, BITPA, BIT?CA, BITCMP, the financial dispatch data parameters
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in PARAME,}, shall be used to determine the financial dispatch data
parameters that shall be replaced with the resource’s applicable
reference level value.

14.6.1.2 If the resource has failed a Price Impact Test for operating reserve
and is in BIT?R or BITPRC, the financial dispatch data parameters in
PARAMOR,, shall be used to determine the financial dispatch data
parameters that shall be replaced with the resource’s applicable
reference level value.

14.6.1.3 If a non-quick-start resource has failed a Price Impact Test in any
time-step, the commitment cost parameters (start-up offer, speed-no-
load offer, or energy offer associated with the minimum loading point)
that failed the corresponding Conduct Test shall be replaced with the
resource’s applicable reference level value for that time-step. For any
time-steps prior, any commitment cost parameters for that resource
that failed the Conduct Test shall be replaced with the resource’s
applicable reference level value in those time-steps. This is expressed
as:

14.6.1.3.1 For each time-step t € 7Sand all b €
BY% 0 (BITY™ u BIT?™ U BIT? U BITE™), for hours
prior to and including the hour that failed the Price
Impact Test, Te {Z..,&, if be BCTY" v BCTZ u
BCT'?C/I V] BCT‘T;MP and PARAMEr , contains any of the
commitment cost parameters SUOffer, SNLOffer, or
EnergyToMLP,, replace these parameters with
reference level values.

14.6.1.4 Section 0 shall apply to the tests for local market power and global
market power for operating reserve, except PARAMOR,, shall be
checked in place of PARAME 7,

14.6.1.5 If a resourceis in a narrow constrained area or a dynamic
constrained area and has failed a Price Impact Test, each resourcein
the same narrow constrained area or dynamic constrained area that
also failed the corresponding Conduct Test shall have its offer data
replaced with its applicable reference level value for that hour. For
each time-step t€ TS:

14.6.1.5.1 if BIT'“? includes one or more resourcesin a narrow
constrained area, n, each resource b € BCTNA for
narrow constrained area, n, shall have the parameters
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in PARAME,}, replaced with its reference level values,
and

14.6.1.5.2  if BIT?* includes one or more resourcesin a dynamic
constrained area, d, each resource b € BCTP“A for
dynamic constrained area, d, shall have the
parameters in PARAME,, replaced with its reference
level values.

14.6.1.6 If a non-quick-start resource in a narrow constrained area or a
dynamic constrained area has failed a Price Impact Test, each non-
quick-start resource in the narrow constrained area or dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that time-step. For any time-steps prior, if a
non-quick-start resource in that narrow constrained area or dynamic
constrained area has a commitment cost parameter that failed the
Conduct Test, that commitment cost parameter shall be replaced with
the resource’s applicable reference /evel value in those time-steps.
This is expressed as:

14.6.1.6.1 For all time-steps up to the time-step in which a
resource failed the Price Impact Test for a narrow
constrained area , for all be BCTY, if PARAME,,
contains any of the commitment cost parameters
SUOfter, SNLOffer, or EnergyToMLP,, replace these
parameters with reference level values.

14.6.1.6.2 For all time-steps up to the time-step in which a
resource failed the Price Impact Test for a dynamic
constrained area, for all b€ BCTP, if PARAME,,
contains any of the commitment cost parameters
SUOfter, SNLOffer, or EnergyToMLP,, replace these
parameters with reference level values.

14.6.1.7 If a resource fails the local market power for operating reserve Price
Impact Test, all resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test for at least one parameter shall have the
parameter that failed the Conduct Test replaced with the resource’s
applicable reference level value for that hour. This is expressed as:

14.6.1.7.1 For each time-step t€ 75, if BIT’R" includes one or
more resource in operating reserve region, r, all
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14.7

14.7

14.6.1.8

Outputs

resources, b€ BITPRL for operating reserve region r,
shall have the parameters in PARAMOR,, replaced with
reference level values.

If a non-quick-start resource fails the local market power for

operating reserve Price Impact Test in any time-step, the commitment
cost parameters for all non-quick-start resources in the same
operating reserve region with a non-zero operating reserve minimum
requirement that failed the corresponding Conduct Test shall be
replaced with the resource’s applicable reference level value for that
time-step. For any time-steps prior, any commitment cost parameters
of non-quick-start resources that failed the Conduct Test shall be
replaced with the resource’s applicable reference level value in those
time-steps. This is expressed as:

14.6.1.8.1 For all time-steps up to the time-step in which a
resource failed the Price Impact Test for r, for all
be BCTP™, if PARAME,;, contains any of the
commitment cost parameters SUOfter, SNLOffer, or
EnergyToMLR,, replace these parameters with
reference level values.

The pre-dispatch calculation engine shall prepare the following outputs, subject
to section 14.7.2, for each time-step t € TS:

14.7.1.1

14.7.1.2

14.7.1.3

The set of resources that failed the Price Impact Test for all time-
steps in the pre-dispatch look ahead period, by condition, in
acordance to sections 14.4 and 14.5. Those resources shall be added
to the accumulated set of resources from previous pre-dispatch
calculation engine runs which failed the Price Impact Test in the
current time-step t€ 75;

The /ocational marginal prices for energy and operating reserve that
failed the Price Impact Test for each resource at bus b in acordance
to sections 14.4 and 14.5;

A revised set of offer data to be used by the next pre-dispatch
calculation engine run and next real-time hour. The revised set of
offer data will be for the resources that failed the Price Impact Test:

14.7.1.3.1 in current pre-dispatch calculation engine run replacing
offer data that failed the Conduct Test with the
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14.7.2

15

15.1

15.1.1

applicable reference level values, in accordance with
section 14.6; and

14.7.1.3.2 in previous pre-dispatch calculation engine runs with
financial dispatch data parameters that were decided
to be mitigated in previous pre-dispatch calculation
engine runs replaced with reference level values.

The pre-dispatch calculation engine shall not replace financial dispatch data
parameters from a resource with that resource’s applicable reference level value
if the financial dispatch data parametersis less than the reference level value.

Pseudo-Unit Modelling

Pseudo-Unit Model Parameters

The pre-dispatch calculation engine shall use the following registration and daily
dispatch data to determine the underlying relationship between a pseudo-unit
and the associated physical resources for a combined cycle plant with K
combustion turbine resources and one steam turbine resource:

15.1.1.1 CMCR, designates the registered maximum continuous rating of
combustion turbine resource ke {1,.,K} in MW;

15.1.1.2 CMLP, designates the minimum loading point of combustion turbine
resource k €{1,.,K} in MW;

15.1.1.3 SMCR designates the registered maximum continuous rating of the
steam turbine resource in MW;

15.1.1.4 SMLP designates the minimum loading point of the steam turbine
resource in MW for a 1x1 configuration;

15.1.1.5 SDF designates the amount of duct firing capacity available on the
steam turbine resource in MW;

15.1.1.6  STPortion, designates the percentage of the steam turbine resource
capacity attributed to pseudo-unit k€ {1,..,K}; and

15.1.1.7 CSCcM, € {0,1} designates whether pseudo-unit ke {1,.,K} is flagged to
operate in single cycle mode, subject to section 15.5.
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15.1.2 The pre-dispatch calculation engine shall calculate the following model
parameters for each pseudo-unit k €{1,..K}:

15.1.2.1 MMCR,, designates the maximum continuous rating of pseudo-unit k
and is calculated as follows:

CMCR,, + SMCR - STPortion;, - (1 — CSCMy)

15.1.2.2 MMLP, designates the minimum loading point of pseudo-unit k and is
calculated as follows:

CMLP, + SMLP - (1 — CSCMy)

15.1.2.3 MDF, designates the duct firing capacity of pseudo-unit k and is
calculated as follows:

SDF - STPortion; - (1 — CSCMy,)

15.1.2.4 MDR, designates the dispatchable capacity of pseudo-unit k and is
calculated as follows:

MMCR, — MMLP, — MDF,

15.1.3 The pre-dispatch calculation engine shall define three operating regions of
pseudo-unit k €{1,..K}, as follows:

15.1.3.1 The minimum loading point region shall be the capacity between 0
and MMLPA,;

15.1.3.2 The dispatchable region shall be the capacity between MMLE, and
MMLP, + MDR;

15.1.3.3 The duct firing region shall be the capacity between MMLP, + MDR,
and MMCRy,.

15.1.4 The pre-dispatch calculation engine shall calculate the associated combustion
turbine resource and steam turbine resource shares for the three operating
regions of pseudo-unit k €{1,..K}, as follows:

15.1.4.1  For the minimum loading point region:

15.1.4.1.1 Steam turbine resource share:

SMLP-(1-CSCMy,),

STShareMLP, = ~ILP ;
k

15.1.4.1.2 Combustion turbine resource share:
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CMLPy,
MMLPy,'

CTShareMLP, = and

15.1.4.2 For the dispatchable region:

15.1.4.2.1 Steam turbine resource share:

1-CSCMy)(SMCR-STPortion,—SMLP—-SDF-STPortion
STShareDR, = ° k) s K.
k

and

15.1.4.2.2 Combustion turbine resource share:

CMCRi—CMLPy,

CTShareDR; = DR ;
k

and
15.1.4.3  For the duct firing region:
15.14.3.1 Steam turbine resource share shall be equal to 1; and

15.1.4.3.2 Combustion turbine resource share shall be equal to 0.

15.2 Application of Physical Resource Deratings to the
Pseudo-Unit Model

15.2.1 The pre-dispatch calculation engine shall apply deratings submitted by market
participants to the applicable dispatchable capacity and duct firing capacity
parameters for a pseudo-unit, where:

15.2.1.1 CTcCap,, designates the capacity of combustion turbine resource
ke{1.,K in time-step tas determined by submitted deratings;

15.2.1.2 STCap, designates the capacity of the steam turbine resource in time-
step tas determined by submitted deratings; and

15.2.1.3  TotalQ, designates the total quantity of energy for pseudo-unit
ke{1,.,K} in time-step ¢

15.2.2 The pre-dispatch calculation engine shall solve for the following operating region
parameters for each pseudo-unit k €{1,..,K}:

15.2.2.1 MLPF,; , which designates the minimum loading point of pseudo-unit k
in time-step ¢

15.2.2.2 DR, , which designates the dispatchable region capacity of pseudo-
unit k in time-step ¢, and

Page 323 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



15.2.3

15.2.2.3

DF,; , which designates the duct firing region capacity of pseudo-unit
kin time-step ¢

Pre-Processing of De-rates

15.2.3.1

The pre-dispatch calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine resource’s and steam
turbine resource’s share and the application of the pseudo-unit
deratings. For pseudo-unit k €{1,.., K} for time-step ¢ € TS:

15.2.3.1.1 Step 1: Calculate the amount of offered energy
attributed to each combustion turbine resource
(CTAmt,;) and steam turbine resource portion

(STAmt,):

If TotalQ,, < MMLP, then:

Calculate CTAmt, ), = 0;and

Calculate STAmt, ), = 0.

Otherwise:

CTAMtMLP = MMLP, - CTShareMLP,; and
STAmtMLP = MMLP, - STShareMLP.

If TotalQ. ) > MMLP, + MDR,, then:
CTAmtDR = MDRy - CTShareDRy;

STAmtDR = MDR,, - STShareDR,; and

STAmtDF = (1 — CSCMy,) - (TotalQ.y — MMLP;, —
MDR},).

Otherwise:

CTAmtDR = (TotalQ., — MMLP}) - CTShareDRy,;
STAmtDR = (TotalQ.y — MMLPy) - STShareDRy,;

STAMtDF = 0;
CTAmt,, = CTAmtMLP + CTAmtDR; and
STAmt,; = STAmtMLP + STAmtDR + STAmtDF.

15.2.3.1.2 Step 2: Allocate the steam turbine resource’s capacity
to each pseudo-unit.
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STAmMt,
Ew €{1,..K} STAmtt,w

PRSTCap. ) = ( )-STCapt

15.2.3.1.3 Step 3: Determine if the pseudo-unitis available:
If CTAmt,, < CMLPy, then the pseudo-unitis
unavailable.

If STAmt,;, < SMLP - (1 — CSCM,), then the pseudo-
unitis unavailable.

If CTCap,, < CMLPy, then the pseudo-unitis
unavailable.

If PRSTCap;, < SMLP - (1 — CSCMy), then the
pseudo-unit is unavailable.

15.2.3.1.4 Step 4: Initialize the operating region parameters for
time-step t€ 75 to the model parameter values:
Set MLP,, = MMLP,.
Set DRt,k = MDRk.
Set DFt,k = MDFk

15.2.3.1.5 Step 5: Apply the derating on the combustion turbine
resource to the dispatchable region:
Calculate P so that CMLP, + P -CTShareDRy - MDR, =
CTCap,; and
Set DR, = min(DR.y ,P - MDR),).

15.2.3.1.6 Step 6: Apply the derating on the steam turbine
resource to the duct firing and dispatchable regions for
pseudo-units not operating in single-cycle mode:

Calculate R so that SMLP + R -STShareDR; - MDR, =
PRSTCapy -

If R < 1,update DF;, = 0,and DR, = min(DR.,
R-MDRy).

If R > 1,update DF;;, = min(DF;y, PRSTCap; —
SMLP — STShareDR, - MDR}).

15.2.4 Available Energy Laminations
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15.3

15.3.1

15.24.1

15.2.4.2

The pre-dispatch calculation engine shall determine the offer quantity
laminations that may be scheduled for energy and operating reserve
in each operating region for time-step ¢ € 7S for each pseudo-unit

k €{1,.,K}, subject to section 0, where:

15.24.1.1 QMLF,, designates the total quantity that may be
scheduled in the minimum loading point region;

15.2.4.1.2 QDR, designates the total quantity that may be
scheduled in the dispatchable region; and

15.2.4.1.3 QDF, ;. designates the total quantity that may be
scheduled in the duct firing region.

The available offered quantity laminations shall be subject to the
following conditions:

QMLP;y < MLP;y;
QDR¢y < DRy,
S QDFt,k S DFt,k;

if QULP, ) < MLP,,then the pseudo —
unit is unavailable and QDR = QDF,;, = 0; and

if QDR.;, < DRy, then QDF,, = 0.

0 <
0 <
0

Convert Physical Resource Constraints to Pseudo-Unit
Constraints

The pre-dispatch calculation engine shall convert physical resource constraints to
pseudo-unit constraints, where:

15.3.1.1

15.3.1.2

PSUMinZk designates the minimum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PSUMinZk shall

be set equal to 0;

PSUMaka designates the maximum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a maximum limitation on pseudo-unitk, then PSUMaka shall

be set equal to MLF,;+ DR, + DF,;
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15.3.2

15.3.3

15.3.4

15.3.1.3

CTCmtd, ;. €{0,1} designates whether combustion turbine resource
k €{1,..K} is considered committed in time-step ¢ € 75.

The pre-dispatch calculation engine shall calculate the minimum and maximum
limitations, subject to section 0, as follows:

15.3.2.1

15.3.2.2

Minimum limitation: MinDG¢ x = max, ¢ {1,__Q}PSUMin§k

Maximum limitation: MaxDG; = ming ¢ {1,__Q}PSUMaxgk

where Q designates the number of constraints impacting a combined
cycle plant that have been provided to the pre-dispatch calculation

engine.

Pseudo-Unit Minimum and Maximum Constraints

15.3.3.1

Pseudo-unit minimum and maximum constraints shall be calculated as

follows:

15.3.3.1.1

15.3.3.1.2

PSUMin,, = PMin, where PMin shall be a minimum
constraint provided on pseudo-unit k€ {1,.,K} for time-
step te 7S, and

PSUMax, = PMax, PMax shall be a maximum
constraint provided on pseudo-unit k € {1,..,K} for time-
step t€ 75.

Combustion Turbine Resource Minimum and Maximum Constraints

15.3.4.1

If the pseudo-unitis not flagged to operate in single cycle mode, then
the combustion turbine resource’s minimum constraint shall be
converted to a pseudo-unit constraint as follows:

If CTMin < MLP; ) * CTShareMLP, then set

STMinMLP = CTMin - (

STShareMLPk)

; and
CTShareMLPy,

STMinDR = 0.

Otherwise, if CTMin = MLP, ), - CTShareMLPy, then set

STMinMLP = MLP;y - STShareMLP); and

STMinDR = (CTMin ~ MLP,y - CTShareMLp,)  (Zomeett)
k
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15.3.5

15.3.4.2

15.3.4.3

15.3.4.4

Therefore:
PSUMin k= CTMin+ STMinMLP+ STMinDR.

If a pseudo-unitis flagged to operate in single cycle mode, then the
combustion turbine resource’s minimum constraint shall be converted
to a pseudo-unit constraint as follows:

PSUMin,, = CTMin.

If the pseudo-unitis not flagged to operate in single cycle mode, then
the combustion turbine resource’s maximum constraint shall be
converted to a pseudo-unit constraint as follows:

If CTMax < MLP; - CTShareMLPy, then the pseudo —
unit is unavailable (i. e. PSUMax; , = 0).

Otherwise, calculate the effect of the constraint on the steam turbine
resource within the minimum loading point and dispatchable regions:

STMaxMLP = MLP,, - STShareMLP;

STShareDR,
STMaxDR = (CTMax — MLP;, - CTShareMLPk) . ( )

CTShareDR,,
PSUMax;, = CTMax + STMaxMLP + STMaxDR

If a pseudo-unitis flagged to operate in single cycle mode, then the
combustion turbine resource’s maximum constraint shall be converted
to a pseudo-unit constraint as follows:

PSUMax;, = CTMax.

Steam Turbine Resource Minimum and Maximum Constraints

15.3.5.1

The pre-dispatch calculation engine shall convert a stream turbine
resource’s minimum constraint to a pseudo-unit constraints as
follows:

15.3.5.1.1 Step 1: Identify 4 < {1,.,K}, which designates the set of
pseudo-units to which the constraint may be allocated
where pseudo-unit k€ {1,.,K} is placed in set 4 if and
only if CSCM;, =0 and CTCmtd,; = 1. If the set 4 is
empty, then no further steps are required, otherwise
proceed to Step 2.

15.3.5.1.2 Step 2: Determine the steam turbine resource’s portion
of the capacity of pseudo-unit k € A:
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15.3.5.1.3

15.3.5.1.4

STCap, = QMLP, ,-STShareMLP; +
QDR S TShareDR) + QDF, -

Step 3: Allocate the S7Min constraint to each pseudo-
unit ke A, where STMin constraint shall be allocated
equally to each pseudo-unit ke A and and STPMin,, is

limited by S7Cap,.

Step 4: The steam turbine resource portion minimum
constraint shall be converted to a pseudo-unit
constraint, where for each pseudo-unit k € A:

If STPMiny, < MLP, ;, - STShareMLP, then set

CTMinMLP, = STPMin, - (Soioelt)

;and
STShareMLP),
CTMinDR,, = 0.

Otherwise, if STPMin, = MLP,; - STShareMLPy, then
set

CTMinMLP, = MLP,, - CTShareMLP,; and

CTMinDR), = (STPMin;, — MLP, . - STShareMLP;,) -

(CTShm"eDRk)
STShareDRy/’

Therefore:
PSUMin,, = STPMin, + CTMinMLP, + CTMinDR,.

15.3.5.2 If pseudo-units with sufficient steam turbine resource capacity are not
commited, then the pre-dispatch calculation engine shall not convert
the entire quantity of the steam turbine resource’s minimum
constraint to pseudo-unit constraints.

15.3.5.3 The steam turbine resource’s maximum constraint shall be converted
to a pseudo-unit constraint as follows:

PRSTMax;; = (

15.3.5.3.1

STAmt,
Zwe{l,..,K} STAmtt,w

)-STMax.

If the converted steam turbine resource maximum
constraint limits the steam turbine resource portion to
below its minimum loading point, then
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15.4

15.4.1

15.5

15.5.1

PSUMax;, = 0.

15.3.5.3.2 Otherwise, calculate R so that SMLP + R -
STShareDR, - MDR, = PRSTMax, :

IfR < 1,setPSUMax,, = MLP;; + min(DRyy ,R -
MDR)).

IfR > 1,setPSUMax,, = MLP.j + DR, +
PRSTMax; , — SMLP — STShareDRy, - MDR.

15.3.5.4 If the steam turbine resource’s minimum and maximum constraints
are equal but do not convert to equal pseudo-unit minimum and
maximum constraints, then the steam turbine resource minimum
constraint conversion in section 0 shall be used to determine equal
pseudo-unit minimum and maximum constraints.

Steam Turbine Resource Forced Outages

If the steam turbine resource experiences a forced outage, the pre-dispatch
calculation engine shall evaluate the corresponding pseudo-units as resources
being offered in single cycle mode.

Single-Cycle Mode Flag Across Two Dispatch Days

If the pre-dispatch look-ahead period spans two dispatch days and the single
cycle mode flag across the two dispatch days differs, then the pre-dispatch
calculation engine shall apply the following:

15.5.1.1 If there are no future minimum constraints for the pseudo-unit before
the end of the first dispatch day and if the IESO’s energy
management system indicates that the combustion turbine resource
associated with the pseudo-unitis not online, then the pre-dispatch
calculation engine shall use the single cycle mode flag of the second
dispatch day for the entire pre-dispatch look-ahead period.

15.5.1.2 If there are no minimum reliability or commitment constraints on the
pseudo-unit which cross into the next dispatch day and either there is
a future minimum reliability or commitment constraint on the pseudo-
unitthat ends before the end of the first dispatch aday or if the JESO’s
energy management system indicates that the combustion turbine
resource associated with the pseudo-unitis online, then the pre-
dispatch calculation engine shall:

15.5.1.2.1 use the single cycle mode flag of the first dispatch day
for the pre-dispatch look-ahead period in the first
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15.6

15.6.1

dispatch day and use the single cycle mode flag of the
second dispatch day for the pre-dispatch look-ahead
period in the second dispatch day; and

15.5.1.2.2 schedule the pseudo-unitto 0 MW in the first hour of
the second dispatch day.

15.5.1.3 If there is a minimum reliability or commitment constraint on the
pseudo-unit that crosses into the next dispatch day, then the pre-
dispatch calculation engine shall:

15.5.1.3.1 use the single cycle mode flag of the first dispatch day
for the pre-dispatch look-ahead period in the first
dispatch day and the beginning hours of the second
dispatch day to meet such constraint;

15.5.1.3.2 use the single cycle mode flag of the second dispatch
day for pre-dispatch look-ahead period in the second
disptch aay after such constraint for the pseudo-unit
has completed; and

15.5.1.3.3 schedule the pseudo-unitto 0 MW in the first hour for
which no reliability or commitment constraint applies in
the second dispatch day.

Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

For a combined cycle plant with K combustion turbine resources and one steam
turbine resource, the pre-dispatch calculation engine shall compute the following
energy and operating reserve schedules for time-step ¢ € 75:

15.6.1.1  CTE,,, which designates the energy schedule for combustion turbine
resource k €{1,.,K};

15.6.1.2  STPE,, , which designates the energy schedule for the steam turbine
resource’s portion of pseudo-unit k €{1,..,K};

15.6.1.3 STE,, which designates the energy schedule for the steam turbine
resource;

15.6.1.4  CT10S,,, which designates the synchronized ten-minute operating
reserve schedule for combustion turbine resource k €{1,.,K};
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15.6.2

15.6.1.5 STP10S,,, which designates the synchronized ten-minute operating
reserve schedule for the steam turbine resource’s portion of pseudo-
unit k {1,.,K};

15.6.1.6  ST10S,, which designates the synchronized ten-minute operating
reserve schedule for the steam turbine resource;

15.6.1.7  CT10N;,, which designates the non-synchronized ten-minute
operating reserve schedule for combustion turbine resource
ke{1,.,K};

15.6.1.8  STP10N,, which designates the non-synchronized ten-minute
operating reserve schedule for the steam turbine resource’s portion of
pseudo-unit k €{1,.,K};

15.6.1.9 ST10M,, which designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine resource;

15.6.1.10 CT30R,;, which designates the thirty-minute operating reserve
schedule for combustion turbine resource k €{1,.,K};

15.6.1.11 STP30R,, which designates the thirty-minute operating reserve
schedule for the steam turbine resource’s portion of pseudo-unit
ke{l,.,K}; and

15.6.1.12 S730R,, which designates the thirty-minute operating reserve
schedule for the steam turbine resource.

The pre-dispatch calculation engine shall determine the following energy and
operating reserve schedules for pseudo-unit k€ {1,.,K} in time-step t€ TS:

15.6.2.1 SE,; , which designates the total amount of energy scheduled and
SE,= SEMLP,; + SEDR.; + SEDF, Where:

15.6.2.1.1 SEMLPF, . designates the portion of the schedule
corresponding to the minimum loading point region,
where 0 < SEMLE,;, < QMLE,;

15.6.2.1.2  SEDR,, designates the portion of the schedule
corresponding to the dispatchable region, where 0 <
SEDR,; < QDR and SEDR ;>0 only if SEMLP,;, =
QMLE;
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15.6.3

15.6.2.2

15.6.2.3

15.6.2.4

15.6.2.1.3  SEDF,; designates the portion of the schedule
corresponding to the duct firing region, where 0 <
SEDF,; < QDF,; and SEDF,;> 0 only if SEDR,; =

QDR

5105, , which designates the total amount of synchronized ten-
minute operating reserve scheduled;

S10V,;, which designates the total amount of non-synchronized ten-

minute operating reserve scheduled. If the pseudo-unit cannot

provide operating reserve from its duct firing region, then 0 < SE;; +

5108, + SION,; < QMLP,;.+ QDR,;; and

S30R.;, which designates the total amount of thirty-minute operating

reserve scheduled, where 0 < SE, . + S10S,; + S10N, + S30R,; <
OMLF, + QDR+ QDF,

The pre-dispatch calculation engine shall convert pseudo-unit schedules to
physical generation resource schedules for energy and operating reserve, as

follows:

15.6.3.1

If SEh,k > MLP/,//(, then:

CTE.; = SEMLP, - CTShareMLP, + SEDRy - CTShareDRy;

STPE,; = SEMLP, - STShareMLP, + SEDR,, - STShareDR;, +
SEDF,;

RoomDR:, = QDR — SEDR;y;

10SDR; ) = min(RoomDR;,S10S; ),

10NDR;, = min(RoomDR; ) — 10SDR;y,S10N,;);

30RDR;; = min(RoomDR;; — 10SDR;; — 10NDR;,S30R; ;);
CT10S;, = 10SDR;) - CTShareDRy;

STP10S;, = 10SDR;y - STShareDR), + (510S;, — 10SDR;);

CT10N;, = 10NDR - CTShareDRy;

STP10Ny, = 10NDR;y - STShareDR; + (S10N;, — 10NDR,);
CT30R;, = 30RDRy * CTShareDR;; and

STP30R.; = 30RDR. - STShareDRy + (S30R.x — 30RDR; )
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15.6.3.2 If SE,; < MLF, and is ramping to /minimum loading point, then the
conversion shall be determined by the ramp up energy to minimum
loading point.

15.6.3.3 The steam turbine resources portion schedules from section 0 shall be
summed to obtain the steam turbine resource schedule as follows:

STE; = Yk=1,,k STPE¢k;

ST10S, = Yyeq x STP10S, x;
ST10N, = Yy—1_x STP10N, ;; and
ST30R, = ey x STP30R, .

16 Pricing Formulas

16.1  Purpose

16.1.1 The pre-dispatch calculation engine shall calculate /ocational marginal prices
using shadow prices, constraint sensitivities and marginal loss factors.

16.2 Sets, Indices and Parameters

16.2.1 The sets, indices and parameters used to calculate /ocational marginal prices are
described in section 4. In addition, the following shadow prices from Pass 1 shall
be used:

16.2.1.1 SPEmY;}C, £, Which designates the Pass 1 shadow price for the post-
contingency transmission constraint for facility f € Fin contingency
c € Cin time-step ¢

16.2.1.2  SPExtT}, , which designates the Pass 1 shadow price for the import or
export limit constraint z € Z;, in time-step §

16.2.1.3 sPL., which designates the Pass 1 shadow price for the energy
balance constraint in time-step £

16.2.1.4  SPNIUExtBwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting increases in net
imports between time-step (¢— 1) and time-step £
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16.2.1.5 SPNIDExtBwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting decreases in net
imports between time-step (£— 1) and time-step £

16.2.1.6  SPNIUExtFwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting increases in net
imports between time-step t and time-step (¢+ 1);

16.2.1.7  SPNIDExtFwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting decreases in net
imports between time-step ¢tand time-step (t+ 1);

16.2.1.8 SPNormY}}f, which designates the Pass 1 shadow price for the pre-
contingency transmission constraint for /acility f € Fin time-step &

16.2.1.9 sP10S}, which designates the Pass 1 shadow price for the total
synchronized ten-minute operating reserve requirement constraint in
time-step £

16.2.1.10 SP10R:, which designates the Pass 1 shadow price for the total ten-
minute operating reserve requirement constraint in time-step §

16.2.1.11 SP30R., which designates the Pass 1 shadow price for the total thirty-
minute operating reserve requirement constraint in time-step £

16.2.1.12 SPREGMin10R., , which designates the Pass 1 shadow price for the
minimum ten-minute operating reserve constraint for region
r € ORREG in time-step

16.2.1.13 SPREGMim30R., , which designates the Pass 1 shadow price for the
minimum thirty-minute operating reserve constraint for region
r € ORREG in time-step ¢

16.2.1.14 SPREGMax10R.,, which designates the Pass 1 shadow price for the
maximum ten-minute operating reserve constraint for region
r € ORREG in time-step £ and

16.2.1.15 SPREGMax30R.,, which designates the Pass 1 shadow price for the
maximum thirty-minute operating reserve constraint for region
r € ORREG in time-step &

16.3 Locational Marginal Prices for Energy

16.3.1 Energy Locational Marginal Prices for Delivery Points
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16.3.1.1 The pre-dispatch calculation engine shall calculate a /ocational
marginal price and components for energy for Pass 1 and each time-
step t € TS for every bus b € L. where a non-dispatchable generation
resource or dispatchable generation resource, a dispatchable load, an
hourly demand response resource, or a non-dispatchable load is sited
and:

16.3.1.1.1 LMP},, designates the Pass 1 time-step ¢ /ocational
marginal price for energy;

16.3.1.1.2 PRef} designates the Pass 1 time-step t locational
marginal price for energy at the reference bus,

16.3.1.1.3 PLoss},b designates the Pass 1 time-step ¢loss
component; and

16.3.1.1.4 PCong%’ , designates the Pass 1 time-step ¢ congestion
component.

16.3.1.2 The pre-dispatch calculation engine shall calculate an initial /ocational
marginal price for energy, a locational marginal price for energy at
the reference bus, a loss component and a congestion component for
Pass 1 at bus b € L in time-step ¢ € 7§, as follows:
InitLMP}, = InitPRef} + InitPLoss, + InitPCong},
where:
InitPRef = SPL};
InitPLosst, = MglLosst, - SPLy;

and

nitPCong}, = z PreConSF, s, - SPNormT;; + Z z SFyc.fp " SPEMT, .
[EF: CEC [EFc

16.3.1.3 If the initial /focational marginal price for energy at the reference bus
(InitPRef!) is not within the settlement bounds
(EngyPrcFir, EngyPrcCelil), then the pre-dispatch calculation engine
shall modify the /ocational marginal price for energy at the reference
bus as follows:

If InitPRef > EngyPrcCeil ,set PRef}! = EngyPrcCeil
If InitPRef! < EngyPrcFlr,set PRef = EngyPrcFlr
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Otherwise, set PRef;! = InitPRef}

16.3.1.4 If the initial /ocational marginal price for energy (In/tLMPé p) is not
within the settlement bounds ( EngyPrcFir, EngyPrcCeil), then the pre-
dispatch calculation engine shall modify the /ocational marginal price
for energy as follows:

If InitLMP}, > EngyPrcCeil, set LMP}, = EngyPrcCeil
If InitLMP}, < EngyPrcFlr,set LMP}, = EngyPrcFlr
Otherwise, set LMP}, = InitLMP},

16.3.1.5 The pre-dispatch calculation engine shall modify the loss component
as follows:

If PRef! # InitPRef!, set PLoss}, = MglLoss;, - PRef
Otherwise, set PLoss;, = InitPLosst,

16.3.1.6 The pre-dispatch calculation engine shall modify the congestion
component as follows:

If LMP}, — PRef! —
PLoss}, and InitPCong}, have the same mathematical sign, then set PCong},, =
LMP}, — PRef! — PLoss;,

Otherwise, set PCong}), = 0and set PLoss;, = LMP}, —
PRef!

16.3.2 Energy Locational Marginal Prices for Intertie Metering Points

16.3.2.1 The pre-dispatch calculation engine shall calculate a /ocational
marginal price and components for energy for Pass 1 and each time-
step t € TS for intertie zone bus d € D, where:

16.3.2.1.1 ExtLMP],; designates the Pass 1 time-step ¢ /ocational
marginal price for energy;

16.3.2.1.2 IntLMP,,; designates the Pass 1 time-step ¢ intertie
border price for energy;

16.3.2.1.3 ICP!, designates the Pass 1 time-step ¢ intertie
congestion price,

16.3.2.1.4 PRef} designates the Pass 1 time-step ¢ locational
marginal price for energy at the reference bus,
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16.3.2.1.5 PLoss}ld designates the Pass 1 time-step ¢loss component;

16.3.2.1.6 P]ntCong%d designates the Pass 1 time-step ¢internal
congestion component for energy;

16.3.2.1.7 PExtCong}d designates the Pass 1 time-step ¢ external
congestion component for the intertie congestion price;
and

16.3.2.1.8  PNISL,, designates the Pass 1 time-step ¢ net
interchange scheduling limit congestion component for
the /ntertie congestion price.

16.3.2.2 The pre-dispatch calculation engine shall calculate an initial /ocational
marginal price for energy, a locational marginal price for energy for
the reference bus, a loss components and a congestion components
for energy for Pass 1 at intertie zone bus d € D, in intertie zone a € A
in time-step £, subject to sections 0 and 0, as follows:

InitExtLMP; = [m’t[ntLMR{ld + fm’th'Péd
where:

InitPRef! = SPL;

InitPLoss} ;= MglLoss, 4-SPL;

InitPIntCong; 4

= Z PreConSF,f 4 -
fEFt

SPNormT,IJf + Z Z SFicra 'SPEmTtl,c,f;
CEC f€Ft,

InitintLMF,; = InitPRef} + InitPLoss; ;+ InitPIntC ongiry &
InitPExtCong, ;= Y. ez, EnCoefft, , - SPExtT.,;
and
[nitPNISL, ; = SPNIUExtBwdT} - SPNIUExtFwdT} - SPNIDExtBwdT} + SPNIDExtFwdT};
InitICE ;= InitPExtCongy; 4+ InitPNISL,

16.3.2.3 If the initial /ocational marginal price for energy(]nitExtLMQJd) is not
within the settlement bounds (EngyPrcFir, EngyPrcCeil), then the pre-
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dispatch calculation engine shall modify the intertie border price for
energy, and its components, as follows:

16.3.2.3.1 The initial /ocational marginal price for the reference
bus (InitPRef}) shall be modified as per section 0;

16.3.2.3.2 The initial /intertie border price (InitlntLMPgd) shall be
modified as per section 0, where /nitLMP}, =
InitintLMP,,;

16.3.2.3.3 The initial loss component (lnitPLOSS},d) shall be
modified as per section 0; and

16.3.2.3.4 The initial internal congestion component
(InitPlntCong}d) shall be modified as per section 0,

where [nitPCongy, = InitPIntCong, 4.

16.3.2.4 If the initial /ocational marginal price for energy(]nitExtLMQJd) is not
within the settlement bounds (EngyPrcFir, EngyPrcCeil), then the pre-
dispatch calculation engine shall modify the /locational marginal price
for energy, as follows:

If InitExtLMP}, > EngyPrcCeil, set ExtLMP},; =
EngyPrcCeil

If InitExtLMP}, < EngyPrcFlr,set ExtXLMP}, = EngyPrcFlr
Otherwise, set ExtLMP},; = InitExtLMP},

16.3.2.5 If the modified /ocational marginal price for energy (ExtLMPL)) is
equal to the intertie border price for energy (IntLMPL;), then the pre-
dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion component for the intertie congestion
price, as follows:

If ExtLMP},; = IntLMP},, set PExtCongl, =
0and PNISL;; = 0

16.3.2.6  If the modified /ocational marginal price for energy(ExtLMP[f 4) is not

equal to the /ntertie border price for energy ([ntLMPf/ ), then the pre-
dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion component for the intertie congestion
price, as follows:
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If ExtLMP.,; # IntLMP,, set

PNISL, = (ExtLMP}, — IntLMP.;)

[nitPNISL}, 4
InitPNISL! ; + InitPExtCongl,)

If PNISL; ; > NISLPen,set PNISL;; = NISLPen
If PNISL; ; < (—1)-NISLPen,set PNISL;; = (—1)-NISLPen
Then PExtCong}, = ExtLMP}, — IntLMP},; — PNISL; 4

16.3.2.7 The pre-dispatch calculation engine shall calculate the intertie
congestion price as follows:

ICP}, = PExtCongi, + PNISL},

16.3.2.8 The /ocational marginal price for energy calculated by the pre-
dispatch calculation engine shall be the same for all boundary entity
resource buses at the same intertie zone. Intertie transactions
associated with the same boundary entity resource bus, but specified
as occurring at different /intertie zones, subject to phase shifter
operation, shall be modelled as flowing across independent paths.
Pricing of these transactions shall utilize shadow prices associated
with the internal transmission constraints, /ntertie limits and
transmission losses applicable to the path associated to the relevant
Intertie zone.

16.3.2.9 When an intertie zone is out-of-service, the intertie limits for that
intertie zone will be set to zero and all import and export boundary
entity resources for that intertie zone will receive a zero schedule and
the /ocational marginal price for energy shall be set to the intertie
border price for energy.

16.3.3 Zonal Prices for Energy
16.3.3.1 The pre-dispatch calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each time-step ¢ for each

virtual transaction zone m € M, as follows:

VZonalP},, = PRef} + VZonalPLosst,, + VZonalPCongi,,

where
VZonalPLosst,, = WEYIRT . PLoss}),
beLRRT
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and

VZonalPCongt,, = Z WEYIRT . PCong},

beLpRT

16.3.3.2 The pre-dispatch calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each time-step t for each
non-dispatchable load zone y €Y, as follows:

ZonalP{, = PRef! + ZonalPLosst, + ZonalPCong},

where:
ZonalPLoss}, = z WF[D} - PLoss;),

NDL
bELy

and

ZonalPCongt, = z WFg’t’y‘?;‘;“-PCongib

NDL
bELy

16.3.3.3 The Ontario zonal priceis calculated per section 0 where the non-
dispatchable load zone is comprised of all non-dispatchable loads
within Ontario.

16.3.4 Pseudo-Unit Pricing

16.3.4.1 The pre-dispatch calculation engine shall calculate a /ocational
marginal price and components for energy for Pass 1 and each time-
step tfor every pseudo-unit k €{1,.,K}, where:

16.3.4.1.1  CTMglLoss}, designates the marginal loss factor for the

combustion turbine resource identified by pseudo-unit
k for time-step ¢in Pass 1;

16.3.4.1.2 STMgILossf  designates the marginal loss factor for the

steam turbine resource identified by pseudo-unit k for
time-step tin Pass 1;

16.3.4.1.3 CTPreConSF, ¢, designates the pre-contingency
sensitivity factor for the combustion turbine resource
identified by pseudo-unit k on facility fduring time-step
t under pre-contingency conditions;
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16.3.4.1.4 STPreConSF, ¢, designates the pre-contingency
sensitivity factor for the steam turbine resource
identified by pseudo-unit k on facility fduring time-step
t under pre-contingency conditions;

16.3.4.1.5 CTSF, ¢ designates the post-contingency sensitivity
factor for the combustion turbine resource identified by
pseudo-unit k on facility fduring time-step ¢ under
post-contingency conditions for contingency ¢ and

16.3.4.1.6 STSF, . r designates the post-contingency sensitivity
factor for the steam turbine resource identified by
pseudo-unit k on facility fduring time-step ¢ under
post-contingency conditions for contingency c

16.3.4.2 The pre-dispatch calculation engine shall calculate an initial /ocational
marginal price for energy, a locational marginal price for energy at
the reference bus, a loss component and a congestion component for
Pass 1 and each time-step ¢for every pseudo-unit k €{1,.,K}, as
follows:

InitLMP}, = InitPRef + InitPLoss}; + InitPCongi,

where:
InitPRef} = SPLL;
InitPLosst, = MglLoss;,, - SPL};
and

InitPCongtl_k = Z PreConSF, ¢ -SPNormTtl_f + Z Z SFecrk -SPEmTtljcrf
fEFt cEC fEFt.C

16.3.4.3 If pseudo-unit k €{1,..,K} is scheduled within its minimum loading
point range or not scheduled at all, its marginal loss and sensitivity
factors shall be:

MglLosst, = CTShareMLP, - CTMglLosst, + STShareMLP,
- STMglLoSS;

PreConSF;ry = CTShareMLPy - CTPreConSF,r, + STShareMLP
* STPreConSF 5 i

SFt,C,f,k = CTShaT'eMLPk .CTSFt,C,f,k + STShaTeMLPk .STSFIS,C,f,k
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16.3.4.4 If pseudo-unit k € {1,.,K} is scheduled within its dispatchable region,
its marginal loss and sensitivity factors shall be:

MglLosst, = CTShareDR, - CTMglLosst, + STShareDR),
- STMglLoss

PreConSF fy, = CTShareDRy - CTPreConSF; s, + STShareDRy
 STPreConSF 5 i

SFt,C,f,k = CTShaTeDRk . CTSFt,C,f,k + STShareDRk . STSFt,C,f,k

16.3.4.5 If pseudo-unit k €{1,..,K} is scheduled within its duct firing region, its
marginal loss and sensitivity factors shall be:

MglLosst, = STMglLoss{y
PreConSFy s, = STPreConSF; s
SFt,C,f,k = STSFt,C,f,k

16.4 Locational Marginal Prices for Operating Reserve
16.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

16.4.1.1 The pre-dispatch calculation engine shall calculate a /ocational
marginal price and components for gperating reserve for Pass 1 and
each time-step t for a delivery point associated with the dispatchable
generation resource and dispatchable load at bus b € B, where:

16.4.1.1.1 L30RP), designates the Pass 1 time-step t /ocational
marginal price for thirty-minute operating reserve,

16.4.1.1.2 P30RRef! designates the Pass 1 time-step t /ocational
marginal price for thirty-minute operating reserve at
the reference bus;

16.4.1.1.3 P30RCong:},b designates the Pass 1 time-step ¢

congestion component for thirty-minute operating
reserve;

16.4.1.1.4 L10NP}, designates the Pass 1 time-step ¢ locational

marginal price for non-synchronized ten-minute
operating reserve,
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16.4.1.1.5

16.4.1.1.6

16.4.1.1.7

16.4.1.1.8

16.4.1.1.9

16.4.1.1.10

P10NRef} designates the Pass 1 time-step t locational
marginal price for non-synchronized ten-minute
operating reserve at the reference bus;

P10NCong,, designates the Pass 1 time-step ¢

congestion component for non-synchronized ten-
minute operating reserve,

LJOSQJ,, designates the Pass 1 time-step t /ocational
marginal price for synchronized ten-minute operating
reserve,

P10SRef! designates the Pass 1 time-step t locational
marginal prices for synchronized ten-minute operating
reserve at the reference bus,

P10SCong;, designates the Pass 1 time-step ¢

congestion component for synchronized ten-minute
operating reserve, and

ORREG), < ORREG as the subset of ORREG consisting of
regions that include bus 5.

16.4.1.2 The pre-dispatch calculation engine shall calculate an initial /ocational
marginal price, a locational marginal price at the reference bus, and
congestion components for Pass 1 for a delivery point associated with
the dispatchable generation resource and dispatchable load at bus
b € B in time-step t € TS, for each class of operating reserve, as

follows:

InitI30 RPY, = InitP30RRef} + InitP30 RCong.,

where

and

InitP30 RRef} = SP30R}

InitP30RCong}

- Z SPREGMin30R}.,

rEORREG),

+ Z SPREGMax30R¢,
rEORREG),
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16.4.1.3

InitL10 NB!, = InitP\ONRef} + InitP10 NCong,,
where

InitPLONRef! = SPIOR! + SP30R!

and

InitP10NCong,
= Z (SPREGMin10R},
TEORREG)
+ SPREGMin30R}.,)
+ Z (SPREGMax10R},
rEORREG)

+ SPREGMax30R},)

[nitL10SF, = [nitP10SRef} + InitP10SCongy,
where

[nitP10SRef! = SP10S! + SP1OR. + SP30R}!

and

InitP10SCong;
= Z (SPREGMin10R},
TEORREG)
+ SPREGMin30R}.,)
+ Z (SPREGMax10R},
TEORREG)

+ SPREGMax30R} ;)

If the initial /ocational marginal price at the reference bus
(InitP30RRef?, InitP10NRef!, or InitP10SRef}) is not within the
settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the /locational marginal price at the
reference bus for each class of operating reserve as follows:

If InitP30RRef! > ORPrcCeil ,set P30RRef! = ORPrcCeil;
If InitP30RRef < ORPrcFlr,set P30RRef! = ORPrcFlr;
Otherwise, set P30RRef;! = InitP30RRef} .
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16.4.1.4

16.4.1.5

16.4.1.6

If InitP10NRef! > ORPrcCeil ,set PIONRef! = ORPrcCeil
If InitP10NRef! < ORPrcFlr,set PIONRef! = ORPrcFlr
Otherwise, set P10NRef;! = InitP10NRef}

If InitP10SRef}, ORPrcFlr > ORPrcCeil ,set 10SRef! =
ORPrcCeil

If InitP10SRef}, ORPrcFlr < ORPrcFlr,set 10SRef! =
ORPrcFlr

Otherwise, set 10SRef;t = InitP10SRef?

If the initial /ocational marginal price (lnitLa”ORP[fb,

InitL10NPBY, or InitL10SPL) is not within the sett/lement bounds

(ORPrcFIr, ORPrccCeil), then the pre-dispatch calculation engine shall

modify the /ocational marginal price for each class of operating
reserve as follows:

If InitL30RP}, > ORPrcCeil,set L30RP}, = ORPrcCelil;
If InitL30RP}, < ORPrcFlr,set L30RP}, = ORPrcFlr;
Otherwise, set L30RP;, = InitL30RP},.

If InitLIONP;, > ORPrcCeil,set LIONP}, = ORPrcCeil;
If InitL1ONP}, < ORPrcFlr,set LIONP}, = ORPrcFlr;
Otherwise, set L10NP}, = InitL10NP/,t.

If InitL10SP}, > ORPrcCeil,set L10SP}, = ORPrcCelil;
If InitL10SP}, < ORPrcFlr,set L10SP}, = ORPrcFlr;
Otherwise, set L10SP}, = InitL10SP},.

If the initial /ocational marginal price (1n1‘tL30RP§b,

InitL10NPBY, or InitL10SPL) is not within the sett/lement bounds
(ORPrcFIr, ORPrccCeil), then the pre-dispatch calculation engine sha

modify the congestion component for each class of operating reserve

as follows:

Set P30RCong;, = L30RP}, — P30RRef;;
Set P10NCong;, = L10NP;, — P10NRef;; and
Set P10SCong;, = L10SP}, — P10SRef; .

Operating Reserve Locational Marginal Prices for Intertie Metering
Points
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16.4.1.7 The pre-dispatch calculation engine shall calculate a /ocational
marginal price and components for operating reserve for Pass 1 and
each time-step t€ TS for intertie zone bus de€ D, where:

164.1.7.1 EXtLSORPEJd designates the Pass 1 time-step t /ocational
marginal price for thirty-minute operating reserve,

16.4.1.7.2 P30RRef! designates the Pass 1 time-step t /ocational
marginal price for thirty-minute operating reserve at
the reference bus;

16.4.1.7.3 PR)ORlntCong%d designates the Pass 1 time-step ¢

internal congestion component for thirty-minute
operating reserve,

16.4.1.7.4 P30RExtCong, ; designates the Pass 1 time-step ¢

Intertie congestion component thirty-minute operating
reserve,

16.4.1.7.5 ExtL10 NP, designates the Pass 1 time-step ¢ locational
marginal price for non-synchronized ten-minute
operating reserve,

16.4.1.7.6 P10NRef! designates the Pass 1 time-step t locational
marginal price for non-synchronized ten-minute
operating reserve at the reference bus;

16.4.1.7.7 P10NIntCong, ; designates the Pass 1 time-step ¢

internal congestion component for non-synchronized
ten-minute operating reserve,

16.4.1.7.8 PlONExtCOHg%’d designates the Pass 1 time-step ¢

external congestion component for non-synchronized
ten-minute operating reserve; and

16.4.1.7.9 ORREG,; S ORREG as the subset of ORREG consisting of
regions that include bus d.

16.4.1.8 The pre-dispatch calculation engine shall calculate initial /ocational
marginal price, locational marginal price at the reference bus, internal
congestion component and external congestion component for Pass 1
at /intertie zone bus d € D, in intertie zone a € A in time-step t € T,
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for each class of operating reserve, subject to sections 0 and 0, as
follows:

InitExtl.30 RPE1 = InitP30RRef} + InitP30 R]ntCong%, g+ nitP30 RExtC onglt d
where:

InitP30RRef! = SP30R.;

[nitP30RIntCongt y= Y. correc, SPREGMin30 R, +
Y rcorrec, SPREGMax30R} ;

and

InitP30RExtCong} 4 = z 0.5 (EnCoeff,, + 1) - SPExtTZ,.

ZEZ5ch

lnftEXtLloNﬂ}d = [nitP10NRef} + InitP10Nin tCong% at nitP1ONExtC ongi d
where:
[nitPLONRef! = SP10R. + SP30R};
InitP\ONIntCong: ;=Y. rcorrzc d( SPREGMin10R., +

SPREGMin30R.,) + ¥ reorrrc ( SPREGMax10 R, +
SPREGMax30R.,);

and

InitP10NExtCong} 4 = Z 0.5 - (EnCoeff, , + 1) - SPExtT{,

ZEZgeh

16.4.1.9 If the initial /ocational marginal price (1nitExtL30R@1b) is not within the
settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the /ocational marginal price, the
locational marginal price at the reference bus, and the external
congestion component for thirty-minute operating reserve as follows:
IntL30R = InitP30RRef! + InitPBORIntCong},d;

If InitP30RRef > ORPrcCeil ,set P30RRef! = ORPrcCeil;

If InitP30RRef! < ORPrcFlr,set P30RRef! = ORPrcFlr;

Otherwise, set P30RRef; = InitP30RRef;

Set P30RIntCong;, = ExtL30RP}, — P30RRef};
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If InitExtL30RP;, > ORPrcCeil , set ExtL30RP}, =
ORPrcCelil;

If InitExtL30RP;, < ORPrcFlr, set ExtL30RP}, =
ORPrcFlr;

Otherwise, ExtL30RP}, = InitExtL30RP},; and

Set P30RExtCongi, = ExtL30RP;}, — P30RRef; —
P30RIntCongt

16.4.1.10 If the initial /ocational marginal price (InitExtLJON.%) is not within
the settlement bounds ( ORPrcFir, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the initial /ocational marginal price,
locational marginal price at the reference bus, and the external
congestion component for ten-minute operating reserve as follows:

IntL10N = InitP10NRef! + InitPlONIntCong;d;

If InitP10NRef > ORPrcCeil ,set PIONRef! = ORPrcCelil;
If InitP10NRef! < ORPrcFlr,set PLONRef = ORPrcFlr;
Otherwise, P10NRef! = InitP10NRef;*; and

Set P10NIntCongt, = L10NP}, — P10NRef};

If InitExtL10NP}, > ORPrcCeil ,set ExtL10NP}, =
ORPrcCelil;

If InitExtL10NP}, < ORPrcFlr,set ExtL10NP;, = ORPrcFlr;
Otherwise, ExtL30RP}, = InitExtL10NP},; and

Set PIONExtCong;, = ExtL10NP}, — P10NRef —
P10NIntCong; 4

16.4.1.11 The /locational marginal price calculated by the pre-dispatch
calculation engine shall be the same for all boundary entity resource
buses at the same /ntertie zone. Reserve imports associated with the
same boundary entity resource bus, but specified as ocurring at a
different /intertie zone, subject to phase shifter operation, shall be
modelled as flowing across independent paths. Pricing of these
reserve imports shall utilize shadow prices associated with intertie
limits and regional minimum and maximum operating reserve
requirements applicable to the path associated to the relevant /intertie
zone.

16.4.1.12 When an intertie zone is out-of-service, the intertie limits for that
intertie zone will be set to zero and all boundary entity resources for
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that intertie zone will receive a zero schedule for energy and
operating reserve and the intertie operating reserve prices shall be set
equal to the /ocational marginal price for the reference bus for that
class of operating reserve plus the applicable shadow prices
associated with regional minimum and maximum operating reserve
requirements.

16.5 Pricing for Islanded Nodes

16.5.1 For nonquick start resources that are not connected to the main island, the pre-
dispatch calculation engine may use the following reconnection logic where
enabled by the JESOin the order set out below to calculate the /ocational
marginal prices for energy:.

16.5.1.1 Determine the connection paths over open switches that connect the
non-quick start resource to the main island.

16.5.1.2 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; and

16.5.1.3 Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.

16.5.2 For all (i) resources other than those specified in section 0 not connected to the
main Island; (ii) non-quick start resources where a price was not able to be
determined in accordance with section 0; the pre-dispatch calculation engine
shall use the following logic in the order set out below to calculate /ocational
marginal prices for energy, using a node-level and facility~level substitution list
determined by the JESO:

16.5.2.1 Use the /locational marginal price for energy at a node in the node-
level substitution list where defined and enabled by the JESG,
provided such node is connected to the main island:

16.5.2.2 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes at the same voltage level within the
same facility that are connected to the main island:

16.5.2.3 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes within the same 7acility that are
connected to the main island:
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16.5.2.4 If no such nodes are identified, use the average /ocational marginal
price for energy of all nodes from another facility that is connected to
the main island, as determined by the facility~level substitution list
where defined and enabled by the JESO; and

16.5.2.5 If a price is unable to be determined in accordance with sections 0
through 0, use the /locational marginal price for energy for the
reference bus.
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Note: The existing Appendix 7.6- Local Market Power has been deleted in its
entirety and replaced with the new Appendix 7.6- The Real-Time Calculation
Engine Process

Appendix 7.6 — The Real-Time Calculation
Engine Process

1.1 Purpose

1.1.1 This appendix describes the process used by the real-time calculation engine to
determine schedules and prices for the real-time market and real-time look-
ahead period.

2 Real-Time Calculation Engine

2.1 Real-Time Look-Ahead Period

2.11 The real-time look-ahead period is the time horizon of the multi-interval
optimization that includes the dispatch interval and the subsequent ten five-
minute intervals.

2.2 Real-Time Calculation Engine Pass
2.2.1 The real-time calculation engine shall execute one pass, Pass 1, the Real-Time

Scheduling and Pricing Pass in accordance with section 7, to produce real/-time
schedules and locational marginal prices.

3 Information Used by the Real-Time
Calculation Engine

3.1.1 The real-time calculation engine shall use the information in section 3A.1 of
Chapter 7.
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4

4.1
4.1.1

4.1.2
4.1.3

4.1.4

4.1.5
4.1.6
4.1.7
4.1.8
4.1.9
4.1.10
4.1.11

4.1.12

4.1.13

4.1.14

Sets, Indices and Parameters Used by
the Real-Time Calculation Engine

Fundamental Sets and Indices
A designates the set of all intertie zones;

B designates the set of buses identifying all dispatchable and non-dispatchable
resources within Ontario;

BP¢ c B designates the set of buses identifying dispatchable generation
resources;

BPLc Bdesignates the set of buses identifying dispatchable loads,

B"PRc B designates the set of buses identifying hourly demand response
resources,

B"E ¢ BP¢ designates the subset of buses identifying dispatchable hydroelectric
generation resources,

BVP¢ ¢ B designates the set of buses identifying non-dispatchable generation
resources,

BY°Bid ¢ B designates the set of buses identifying dispatchable loads with no bid
for energy;

BVeofer ¢ B designates the set of buses identifying generation resources with no
offer for energy;

BNOWDE o pPSU designates the subset of buses identifying pseudo-units that
cannot provide ten-minute operating reserve from the duct firing region;

BV ¢ BP¢ designates the subset of buses identifying dispatchable non-quick
start resources;

BPSU ¢ BV@S designates the subset of buses identifying pseudo-units,

BFEGc B designates the set of internal buses in operating reserve region
r€ ORREG:

BT c BV designates the subset of buses identifying pseudo-units with a share
of steam turbine resource p € PST;
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4.1.15 B"¢ c BP¢ designates the subset of buses identifying dispatchable variable
generation resources,

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

4.1.17 D designates the set of buses outside Ontario, corresponding to imports and
exports at /ntertie zones,

4.1.18 DFEG ¢ D designates the set of intertie zone buses identifying boundary entity
resources in operating reserve region r€ ORREG,;

4.1.19 D, < D designates the set of all buses identifying boundary entity resources in
Intertie zone a € A;

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

4.1.21 DI, < D, designates the subset of /intertie zone buses identifying boundary entity
resources that correspond to import offers in intertie zone a € 4;

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

4.1.23 DX, < D, designates the subset of /ntertie zone buses identifying boundary entity
resources that correspond to export bids in intertie zone a € A;

4.1.24 F designates the set of 7fadilities and groups of facilities for which transmission
constraints may be identified;

4.1.25 F; € Fdesignates the set of facilities whose pre-contingency limit was violated in
interval /as determined by a preceding security assessment function iteration;

4.1.26 F;. € Fdesignates the set of facilities whose post-contingency limit for
contingency cis violated in interval /as determined by a preceding security
assessment function iteration;

4.1.27 I={1,.,n;} designates the set of all intervals, where n; designates the number of
five-minute intervals considered within the real-time look-ahead period;

4.1.28 J%, designates the set of bid laminations for energy at b€ B for interval /€ I

4.1.29 /}25 designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b€ BP- for interval 7€ [;
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4.1.30 /9" designates the set of offer laminations for non-synchronized ten-minute

1L

operating reserve at bus b€ BP" for interval i€ I,

4.1.31 ,;2"’ designates the set of offer laminations for thirty-minute operating reserve at
bus b e BPL for interval i€ I;

4.1.32 f = be designates the set of offer laminations for energy corresponding to the
duct firing region of a pseudo-unit at bus b€ B>V in interval i€ I;

4.1.33 KZF < K7, designates the set of offer laminations for energy corresponding to the
dispatchable region of a pseudo-unit at bus b€ B™V in interval i€ I;

4.1.34 K%, designates the set of offer laminations for energy at be BVP“ u BP for
interval i€ /;

4.1.35 KF < K7, designates the set of offer laminations for energy corresponding to
the minimum loading point region of a pseudo-unit at bus b€ B™Y in interval
I€ [

4.1.36 K;9® designates the set of offer laminations for synchronized ten-minute

operating reserve at bus b€ B¢ for interval /€ I

4.1.37 K" designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b€ B¢ for interval /€ I

4.1.38 1(?;2"’ designates the set of offer laminations for thirty-minute operating reserve at
bus b€ B¢ for interval i€ I

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

4.1.40 LVIRTc [, designates the buses contributing to the virtual zonal price for virtual
transaction zone me M,

4.1.41 LyPLc L designates the buses contributing to the zonal price for non-dispatchable
load zone y€ Y

4.1.42 M designates the set of virtual transaction zones;

4.1.43 PST designates the set of steam turbine resources offered as part of a pseudo-
unit,
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4.1.44

4.2

4.2.1

4.2.2

Y designates the non-dispatchable load zones in Ontario.

Market Participant Data Parameters

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

4.2.1.1 FNDG;, designates the fixed quantity of energy scheduled for interval
i€ [

4.2.1.2  PNDG;, designates the price for the maximum incremental quantity
of energyin interval /€ /in association with offer lamination k€ &7,
and

4.2.1.3 QNDG;, , designates the maximum incremental quantity of energy
that may be scheduled in interval i€ 7in association with offer
lamination k € K%,

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

4.2.2.1 DRRDG,,,,, for we {1,.,NumRRDG,,} designates the ramp rate in MW
per minute at which the resource can decrease the amount of energy
it supplies in interval /€ 7 while operating in the range between
RmpRngMaxDG;y, .. and RmpRngMaxDG,,

4.2.2.2  NumRRDG;, designates the number of ramp rates provided for
interval /€ /;

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

4.2.2.4  PDG;, designates the price for the maximum incremental quantity of
energy in interval /€ /in association with offer lamination ke be;

4.2.2.5 P10SDG;, designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval i€ /
in association with offer lamination k€ K395,

4.2.2.6  PIONDG,,, designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in interval

i€ I'in association with offer lamination k€ K;3";
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4.2.2.7

4.2.2.8

4.2.2.9

4.2.2.10

4.2.2.11

4.2.2.12

4.2.2.13

4.2.2.14

4.2.2.15

P30RDG;,,, designates the price for the maximum incremental
quantity of thirty-minute operating reserve in interval 7€ 7in
association with offer lamination k€ K2p%;

QDG designates the maximum incremental quantity of energy
above the minimum loading pointthat may be scheduled in interval
i€ I'in association with offer lamination k€ &7,;

Q105DG,,, . designates the maximum incremental quantity of
synchronized ten-minute operating reserve in interval i€ 7'in
association with offer lamination k€ Kj3°;

Q10NDG,,,, designates the maximum incremental quantity of non-
synchronized ten-minute operating reservein interval i€ 7in
association with offer lamination k€ K"

Q@30RDG;,, . designates the maximum incremental quantity of thirty-
minute operating reserve in interval i€ /in association with offer
lamination k€ K355

RLP30R;, designates the reserve loading point for thirty-minute
operating reservein interval i€ I;

RLP10S;,, designates the reserve loading point for synchronized ten-
minute operating reservein interval i€ [;

RmpRngMaxDG;,, ,, for we {1,.,NumRRDG,,} designates the w™ ramp
rate break point for interval 7€ [;

URRDG,,,,, for we {1,.,NumRRDG,,} designates the ramp rate in MW
per minute at which the resource can increase the amount of energy
it supplies in interval 7€ 7/ while operating in the range between
RmpRngMaxDG;p, ., and RmpRngMaxDG,,,,,, Where
RmpRngMaxDG;, shall be equal to zero.

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

4.2.3.1

MinQDG, designates the minimum loading point indicating the
minimum output at which the resource must be scheduled except for

times when the resource is starting up or shutting down.
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4.2.4

4.2.5

4.2.6

4.2.7

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

4.2.4.1  (Forl;p,,ForU;,,) for we {1,.,NFor;,} designate the lower and upper
limits of the forbidden regions in interval /€ 7 and indicate that the
resource cannot be scheduled between ForZ;,,, and ForU,,,, for all
we {1,.,NFor;}.

With respect to a pseudo-unitidentified by bus » e B™V:

4.2.5.1 STShareMLP, designates the steam turbine resource’s share of the
minimum loading point region; and

4.2.5.2  STShareDR, designates the steam turbine resource’s share of the
dispatchable region.

With respect to a generation resource with no offer for energy identified by bus
be BNOOffer:

4.2.6.1 FNOG;, designates the fixed quantity of energy scheduled for
injection for interval 7€ 7 determined by the JESOs energy
management system.

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

4.2.7.1 DRRDL;;,,, for we {1,.,NumRRDL,} designates the ramp rate in MW
per minute at which the dispatchable load can decrease its amount of
energy consumption in interval 7€ / while operating in the range
between RmpRngMaxDL;;, .1 and RmpRngMaxDL;,

4.2.7.2  NumRRDL,, designates the number of ramp rates provided for
interval 7€ /;

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

4.2.7.4  PDL;,; designates the price for the maximum incremental quantity of
energy in interval /€ /in association with bid lamination /€ /7,;

4.2.7.5  P10NDL;,; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in interval
i€ Iin association with offer lamination ;€ /;)";
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4.2.7.6

4.2.7.7

4.2.7.8

4.2.7.9

4.2.7.10

4.2.7.11

4.2.7.12

4.2.7.13

4.2.7.14

P10SDL;,; designates the price for the maximum incremental quantity
of synchronized ten-minute operating reserve in interval i€ 7in
association with offer lamination j € /ip5;

P30RDL;,; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in interval i€ /in association with
offer lamination j € £7%;

@DL;,; designates the maximum incremental quantity of energy that
may be scheduled in interval 7€ /in association with b/id lamination
JE /fb;

QDLFIRM;;, designates the quantity of energy that is bid at the
maximum market clearing price in interval i€ J;

Q10NDL;,; designates the maximum incremental quanity of non-
synchronized ten-minute operating reserve that may be scheduled in
interval 7€ 7in association with offerlamination je 2V,

1L

Q105DL;;; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in
interval /€ /in association with offer lamination /€ /7%

@30RDL;;; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in interval ;€ /in
association with offer lamination j€ £)%;

RmpRngMaxDL,,,,, for we {1,.,NumRRDL,,} designates the w" ramp
rate break point for interval i€ [,

URRDL;},,, for we {1,.,NumRRDL;,} designates the ramp rate in MW
per minute at which the dispatchable load can increase its amount of
energy consumption in interval 7€ / while operating in the range
between RmpRngMaxDL;;, ., and RmpRngMaxDL,;,,, where
RmpRngMaxDL;,, shall be equal to zero.

4.2.8 With respect to an hourly demand response resource identified by bus b€ B7PR;

4.2.8.1

FHDR;, designates the fixed schedule of energy consumption for
interval /€ / determined by the activation of the Aourly demand
response resource.
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4.2.9 With respect to a dispatchable load with no bid for energy at bus b e BVoBid:

4.29.1 FNBL;, designates the fixed quantity of energy scheduled for
consumption for interval /€ 7 determined by the JESOs energy
management system.

4.2.10 With respect to a boundary entity resource import at /ntertie zone bus de€ DI,
where the /ocational marginal price represents the price for the intertie metering
point and its fixed schedules are the most recent /interchange schedules:

4.2.10.1  FIGPrc; 4 designates the fixed quantity of energy scheduled to import
for interval /€ 7and used for calculating /ocational marginal prices;

4.2.10.2  FIGSch;, designates the fixed quantity of energy scheduled to import
for interval /€ 7and used for determining schedules;

4.2.10.3  F10NIGPrc;, designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for interval /€ 7and used for
calculating /ocational market prices;

4.2.10.4 F10NIGSch;, designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for in interval 7€ 7and used for
determining schedules;

4.2.10.5 F0RIGPrc;,; designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ 7and used for calculating /ocational
marginal prices; and

4.2.10.6 F30RIGSch;, designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ 7and used for determining
schedules.

4.2.11 With respect to a boundary entity resource export at intertie zone bus de DX,
where the /ocational marginal price represents the price for the /intertie metering
point and its fixed schedules are the most recent interchange schedules:

4.2.11.1  FXLPrc;,; designates the fixed quantity of energy scheduled to export
for interval 7€ 7and used for calculating /ocational marginal prices;

4.2.11.2  FXLSch;, designates the fixed quantity of energy scheduled to export
for interval /€ 7and used for determining schedules;
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4.3

4.3.1

4.3.2

4.3.3

4.2.11.3  FI0NXLPrc;, designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for interval /€ 7and used for
calculating /locational marginal prices;

4.2.11.4 F10NXLSch; ; designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for interval /€ 7and used for
determining schedules;

4.2.11.5 F0RXLPrc;, designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ 7and used for calculating /ocational
marginal prices; and

4.2.11.6  F30RXLSch;, designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ 7and used for determining
schedules.

IESO Data Parameters

Variable Generation Forecast

43.1.1 FG;, designates the JESO’s centralized variable generation forecast for
a variable generation resource identified by bus b€ B"¢ for interval
I€ L

Variable Generation Tie-Breaking

4.3.2.1 NumVG; designates the number of variable generation resources in
the daily dispatch order for interval 7€ ; and

4.3.2.2 TBM;, € {1,.,NumVG} designates the tie-breaking modifier for the
variable generation resource at bus b€ B for interval i€ 1.

Operating Reserve Requirements

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

4.3.3.2  REGMin10R;, designates the minimum requirement for total fen-
minute operating reserve in region re ORREG in interval /€ [;

4.3.3.3  REGMin30R;, designates the minimum requirement for thirty-minute
operating reserve in region re ORREG in interval i€ [;
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4.3.3.4  REGMax10R;, designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region re ORREG in
interval 7€ /;

4.3.3.5 REGMax30R;, designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region re ORREG in
interval i€ /;

4.3.3.6 TOT10S;designates the synchronized ten-minute operating reserve
requirement;

4.3.3.7 TOT10R, designates the total ten-minute operating reserve
requirement; and

4.3.3.8 TOT30R;designates the thirty-minute operating reserve requirement.
4.3.4 Resource Minimums and Maximums

4.3.4.1  Where applicable the minimum or maximum output of a dispatchable
generation resource and minimum or maximum consumption of
a dispatchable load may be limited due to reliability constraints,
applicable contracted ancillary services, day-ahead operational
commitments, pre-dispatch operational commitments, outages,
derates, operating reserve activation, and other constraints, such

that:

434.1.1 MaxDF;;, designates the maximum output limit in
interval 7 for the duct firing region of a pseudo-unit at
bus b € BPSY;

43.4.1.2 MaxDG;, designates the most restrictive maximum
output limit for the dispatchable generation resource in
interval 7at bus b € B?¢;

43.4.1.3 MaxDL;, designates the most restrictive maximum
consumption limit for the dispatchable load in interval /
at bus b e B

43.4.1.4 MaxDR;, designates the maximum output limit in
interval /for the dispatchable region of a pseudo-unit
at bus be B,

4.3.4.1.5 MinDG;, designates the most restrictive minimum

output limit for the dispatchable generation resource in
interval 7at bus b € B¢, and
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4.3.4.1.6 MinDL;, designates the most restrictive minimum

consumption limit for the dispatchable load in interval /
at bus b e B,

4.3.5 Control Action Adjustments for Pricing

4.3.5.1 CAAdj; designates the demand adjustment required to calculate
locational marginal prices appropriately when voltage reduction or
load shedding has been implemented.

4.3.6 Constraint Violation Penalties for interval i € I:

4.3.6.1 (PLdViolSch;,,QLdViolSch;,,) for we€ {1,.,N,4y,,} designate the price-

quantity segments of the penalty curve for under generation used by
the Real-Time Scheduling algorithm in section 8;

4.3.6.2 (PLdViolPrc;,,QLdViolPrc;,,) for we {1,.,N, 4y, } designate the price-

quantity segments of the penalty curve for under generation used by
the Real-Time Pricing algorithm in section 9;

4.3.6.3  (PGenViolSch;,,QGenViolSch;,,) for we {1,.,Nge,pio;} designate the
price-quantity segments of the penalty curve for over generation used
by the Real-Time Scheduling algorithm in section 8;

4.3.6.4  (PGenViolPrc;,,QGenViolPrc;,,) for we€ {1,.,Nge,y;,,} designate the

price-quantity segments of the penalty curve for over generation used
by the Real-Time Pricing algorithm in section 9;

4.3.6.5 (P10SViolSch;,, Q10SViolSch;,,) for we {1,.,Nyosyio;} designate the
price-quantity segments of the penalty curve for the synchronized
ten-minute operating reserve requirement used by the Real-Time
Scheduling algorithm in section 8;

4.3.6.6 (P10SViolPrc;,,@Q10SViolPrc;,,) for we {1,.,Nyosyio;} designate the
price-quantity segments of the penalty curve for the synchronized
ten-minute operating reserve requirement used by the Real-Time
Pricing algorithm in section 9;

4.3.6.7  (P10RViolSch;,,Q10RViolSch;, ) for we {1,.,Nyoryio;} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Real-Time Scheduling
algorithm in section 8;
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4.3.6.8

4.3.6.9

4.3.6.10

4.3.6.11

4.3.6.12

4.3.6.13

4.3.6.14

4.3.6.15

4.3.6.16

(P10RViolPrc;,, Q10 RViolPrc;,,) for we {1,..,Niggvis;} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Real-Time Pricing
algorithm in section 9;

(P30RViolSch;,,@30RViolSch;,,) for we€ {1,., N5 gy} designate the
price-quantity segments of the penalty curve for the total tAirty-
minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement used by the Real-Time
Scheduling algorithm in section 8;

(P30RViolPrc;,, @30 RViolPrc;,,) for we {1,.,N3o gy} designate the

price-quantity segments of the penalty curve for the total tAirty-
minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement used by the Real-Time
Pricing algorithm in section 9;

(PREG10RViolSch;,,, QREG10RViolSchy,,) for we {1,.,Nzzeiorvior)
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by
the Real-Time Scheduling algorithm in section 8;

(PREG10RViolPrc;,, QREG10 RViolPrc;,,) for we€ {1,.., Nggciorviol}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by
the Real-Time Pricing algorithm in section 9;

(PREG30RViolSch;,,, QREG30 RViolSch;,,) for we {1,., Nrzgorvior)
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Real-Time Scheduling algorithm in section 8;

(PREG30RViolPrc;,, QREG30 RViolPrc;,,) for w€ {1,.., Nggezorviol}
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Real-Time Pricing algorithm in section 9;

(PXREG10 RViolSch;,,, QXREG10RViolSch,,,) for we {1,.,Nxggc10zvios}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve maximum restrictions used by the
Real-Time Scheduling algorithm in section 8;

(PXREG10RViolPrc;,, @QXREG10RViolPrc;,,) for we {1,.,Nxrec10rviol}
designate the price-quantity segments of the penalty curve for area
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total ten-minute operating reserve maximum restrictions used by the
Real-Time Pricing algorithm in section 9;

4.3.6.17 (PXREG30RViolSch;,,QXREG30RViolSch;,) for we {1,.,Nxzrcorvior}
designate the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by
the Real-Time Scheduling algorithm in section 8;

4.3.6.18  (PXREG30RViolPrc;,,QXREG30RViolPrc;,,) for w€ {1,., Nxggczorviol}
designate the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by
the Real-Time Pricing algorithm in section 9;

4.3.6.19  (PPrelTLViolSchy;,, QPrelTLViolSchy;,) for we {1, Nprerriviol,}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility fe F used by the Real-Time Scheduling algorithm in section 8;

4.3.6.20  (PPrelTLViolPrc;,, QPrelTLViolPrcg;,,) for we {1,.,Nprerriyio 1)

designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility fe F used by the Real-Time Pricing algorithm in section 9;

4.3.6.21  (PITLViolSchg sy, QITLViolSch,g;,,) for we {1,., Ny} designate
the price-quantity segments of the penalty curve for exceeding the
contingency ce€ € post-contingency limit of the transmission constraint
for facility fe Fused by the Real-Time Scheduling algorithm in section
8;

4.3.6.22  (PITLViolPrc,z;,, QITLViolPrc ;) for we {1,.,Nyr1yi0, ) designate
the price-quantity segments of the penalty curve for exceeding the
contingency ce€ € post-contingency limit of the transmission constraint
for facility fe Fused by the Real-Time Pricing algorithm in section 9;
and

4.3.6.23  NISLPen designates the net interchange scheduling limit constraint
violation penalty price for /ocational marginal pricing.

4.3.7 Price Bounds

43.7.1 EngyPrcCeil designates and is equal to the maximum market clearing
price for energy;
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4.3.8

44

4.4.1

4.4.2

4.3.7.2

4.3.7.3

4.3.7.4

EngyPrcFir designates and is equal to the settlement floor price for
energy;

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

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

Weighting Factors for Zonal Prices

4.3.8.1

4.3.8.2

WF]X} designates the weighting factor for bus e L//*" used to
calculate the price for virtual transaction zone m € M for interval i€ /
and shall be equal to the weighting factor used in the day-ahead

market for the applicable hour;

wr/h designates the weighting factor for bus b€ Ly” used to
calculate the price for non-dispatchable load zone y € Y for

interval 7€ /and shall be obtained by renormalizing the load
distribution factors so that the sum of weighting factors for a non-

dispatchable load zone and for a given interval is one.

Other Data Parameters

Non-Dispatchable Demand Forecast

4.4.1.1

FL; designates the five-minute province-wide non-dispatchable
demand forecast for interval 7€ 7 calculated by the security
assessment function.

Internal Transmission Constraints

4.4.2.1

4.4.2.2

4.4.2.3

PreConSF; ;;, designates the pre-contingency sensitivity factor for bus
b€ B U D indicating the fraction of energy injected at bus 4 which
flows on facility fduring interval 7 under pre-contingency conditions;

AdjNormMaxFlow;  designates the limit corresponding to the
maximum flow allowed on facility fin interval i under pre-contingency
conditions;

SF; ¢, designates the post-contingency sensitivity factor for bus

b€ B U Dindicating the fraction of energy injected at bus 4 which
flows on facility fduring interval 7 under post-contingency conditions
for contingency c; and
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4.4.2.4  AdjEmMaxFlow;rdesignates the limit corresponding to the maximum
flow allowed on facility fin interval 7 under post-contingency
conditions for contingency c.

443 Transmission Losses

44.3.1 LossAdj; designates any adjustment needed for interval 7€ /to correct
for any discrepancy between Ontario total system losses calculated
using a base case power flow from the security assessment function
and linearized losses that would be calculated using the marginal loss
factors; and

4.4.3.2  MgllLoss;, designates the marginal loss factor and represents the
marginal impact on transmission losses resulting from transmitting
energy from the reference bus to serve an increment of additional
load at resourcebus be BuDin interval i€ L

5 Initialization

5.1 Purpose

5.1.1 The initialization processes set out in this section shall occur prior to the
execution of the real-time calculation engine described in section 0 above.

5.2 Reference Bus

5.2.1 The IESO shall use Richview Transformer Station as the real-time calculation
engine’s default reference bus for the calculation of /ocational marginal prices.

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

5.3 Islanding Conditions
5.3.1 In the event of a network split, the real-time calculation engine shall:
5.3.1.1  only evaluate resources that are within the main island:
5.3.1.2  use only forecasts of demand forecast areas in the main island; and

5.3.1.3  use a bus within the main islandin place of the reference bus if the
reference bus does not fall within the main island.
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54 Variable Generation Tie-Breaking

5.4.1 For each interval 7 € /, each variable generation resource bus b € B"¢ and each offer
lamination k€ be, the offer price PDG;,, shall be updated to PDG;, - (%) ,
where p is a small nominal value of order 107%.

5.5 Pseudo-Unit Constraints

5.5.1 Constraints for pseudo-units corresponding to the minimum and maximum
constraints on physical resources shall be determined in accordance with section

10.

5.6 Initial Scheduling Assumptions
5.6.1 Initial Schedules
5.6.1.1  Initial energy schedules shall be based on the values determined by

the 7ESO’s energy management system and the schedules from the
previous real-time calculation engine run, where:

56.1.1.1 RTDLTel, , designates the energy management
system MW value for the dispatchable load at bus b e
BDL;

5.6.1.1.2 SDLSch{'s" designates the schedule determined for the

dispatchable load at bus b€ B”" by the Real-Time
Scheduling algorithm in section 8, of the previous rea/-
time calculation engine run;

5.6.1.1.3 RTDGTel, j, designates the energy management

system MW value for the dispatchable generation
resource at bus b e B¢

5.6.1.1.4 SDGSchy's" designates the schedule determined for the

dispatchable generation resource at bus b€ B¢ by the
Real-Time Scheduling algorithm in section 8, of the
previous real-time calculation engine run;

5.6.1.1.5 SDLPrq,," designates the schedule determined for the
dispatchable load at bus b€ B”" by the Real-Time
Pricing algorithm in section 9, of the previous rea/-time
calculation engine run; and
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5.6.1.2

5.6.1.3

5.6.1.1.6 SDGPrcf'¢” designates the schedule determined for the
dispatchable generation resource at bus b€ B¢ by the
Real-Time Pricing algorithm in section 9, of the
previous real-time calculation engine run.

For the dispatchable load at bus b, the intitial schedule, SDLInitSchy j,
for the Real-Time Scheduling algorithm in section 8, shall be
determined as follows:

5.6.1.2.1 Step 1: Calculate Te/Up, , using the submitted up ramp
rates and break points to determine the maximum
consumption level the dispatchable load can achieve in
five minutes from RTDLTel, ,;

5.6.1.2.2 Step 2: Calculate Te/Down, , using the submitted down
ramp rates and break points to determine the
minimum consumption level the dispatchable load can
achieve in five minutes from RTDLTel, ; and

5.6.1.2.3 Step 3: If the schedule from the previous real-time
calculation engine run is achievable by ramping from
the RTDLTel, ;, then set the initial schedule to the
schedule from the previous real-time calculation engine
run. Otherwise, set the initial schedule to the nearest
boundary:

If TelDown,y), < SDLSch{}f" <
TelUpy,, then set SDLInitSchy, = SDLSch{f”

If SDLSch{fY <
TelDown, ,, then set SDLInitSchy, =
TelDown,

Otherwise, set SDLInitSchy, = TelUp, .

For the dispatchable generation resource at bus b, the intitial
schedule, SDGInitSch p, for the Real-Time Scheduling algorithm in
section 8, shall be determined as follows:

5.6.1.3.1 Step 1: Calculate Te/Up, , using the submitted up ramp
rates and break points to determine the maximum
production level the resource can achieve in five
minutes from RTDGTel, ,;
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5.6.1.3.2 Step 2: Calculate TelDown, ;, using the submitted
down ramp rates and break points to determine the
minimum production level the resource can achieve in
five minutes from RTDGTel_, ;; and

5.6.1.3.3 Step 3: If the schedule from the previous real-time
calculation engine run is achievable by ramping from
the RTDGTel_, ;,, then set the initial schedule to the
schedule from the previous real-time calculation engine
run. Otherwise, set the initial schedule to the nearest
boundary:

If TelDowny;,, < SDGSch{}?¥ <
TelUp, j, then set SDGImtScho_b = SDGSchyie”

If SDGSch{}f <
TelDownO‘b then set SDGInitSchy ), =
TelDown,

Otherwise, set SDGInitSchy;, = TelUp, .

5.6.1.4  For the dispatchable load at bus b, the intitial schedule, SDL/nitPrc, p,
for the Real-Time Pricing algorithm in section 9, shall be determined
as follows:

If SDLSch{Y < SDLPrc{if’ <
SDLInltSchojb or SDLImtScho,b < SDLPrc{if <

SDLSch{7f¥, then set SDLInitPrcy ), = SDLInltSchO,b ;
Otherwise set SDLInitPrcy, = SDLPrc{if".

5.6.1.5 For the dispatchable generation at bus b, the intitial schedule
SDGInitPrc, p, for the Real-Time Pricing algorithm in section 9,
designates the initial schedule for the dispatchable generation
resource at bus b and is determined as follows:

If SDGSch{}Y < SDGPrc{if’ <

SDGImtSchO p or SDGInitSchy, < SDGPrcfif¥ <

SDGSch{'¥” then set SDGInitPrc,, = SDGImtScho,b;
Otherwise set SDGInitPrcy, = SDGPrcf,”.
5.6.2 Start-up and Shutdown for Non-Quick Start Resources

5.6.2.1  The start-up and shutdown for non-quick start resources at bus b e
B"?S and interval i€ /shall be based on the following parameters that
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are determined based on observed resource operation as well as
confirmed start-up and shutdown times:

5.6.2.1.1 AtZero;;, € {0,1}, which designates that the resourceis
scheduled to be offline;

5.6.2.1.2 SU; € {0,1}, which designates that the resource must
be scheduled on its start-up trajectory. This input may
indicate an upcoming confirmed start-up or that the
resource has started ramping up already;

5.6.2.1.3 AtMLPF, € {0,1}, which designates that the resourceis
scheduled to operate at or above its minimum loading
point due to a minimum generation constraint or the
resource shutdown has yet to be confirmed by the
IESC;

5.6.2.1.4 EvalSD;,, € {0,1}, which designates that the resource
has been de-committed by the pre-dispatch calculation
engine, such de-commitment has been confirmed by
the ZESO, and the resource can be evaluated for
energy schedules below its minimum loading point but
can still be scheduled at or above its minimum loading
point; and

5.6.2.1.5 SD;, € {0,1}, which designates that the resource must
be scheduled on its shutdown trajectory. This input
may indicate an upcoming mandatory shutdown or that
the resource has already started ramping down.

5.6.2.2  For all parameters in section 0:

AtZero, + SU;p, + AtMLP;, + EvalSD;, + SD;, = 1
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6 Security Assessment Function in the
Real-Time Calculation Engine

6.1 Interaction between the Security Assessment Function
and Optimization Functions

6.1.1 The scheduling and pricing algorithms of the real-time calculation engine pass
shall perform multiple iterations of the optimization functions and the security
assessment function to check for violations of monitored thermal limits and

operating security limits using the schedules produced by the optimization
functions.

6.1.2 As multiple iterations are performed, the transmission constraints produced by
the security assessment function shall be used by the optimization functions.

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

6.2 Inputs into the Security Assessment Function
6.2.1 The security assessment function shall use the following inputs:
6.2.1.1  the IESO demand forecasts; and

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

6.2.2 The security assessment function shall also use the following outputs of the
optimization functions:

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

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

6.2.2.3  the schedules for boundary entity resources at each intertie zone.
Security Assessment Function Processing
6.3.1 The security assessment function shall determine the province-wide non-

dispatchable demand forecast quantity, FL;, using demand forecasts for demand
forecast areas, the /ESO’s energy management system MW quantities and the
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6.3.2

scheduled quantities from the previous real-time calculation engine run as
follows:

6.3.1.1 sum the JESO five-minute demand forecasts for demand forecast
areas;

6.3.1.2  subtract the expected consumption of all physical hourly demand
response resources,

6.3.1.3  subtract the expected consumption of all virtual hAourly demand
response resources; and

6.3.1.4  subtract the expected consumption of all dispatchable loads.

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

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

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

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

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

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

6.3.2.6 A linear power flow analysis shall be used to simulate contingencies,
calculate post-contingency flows and check all monitored equipment
for limited-time thermal limit violations.
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6.3.2.7  Violated post-contingency limits shall be linearized using post-
contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.

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

6.3.2.9  The real-time calculation engine shall use a set of fixed marginal loss
factors for each dispatch hour. The same set of fixed marginal loss
factors shall apply to all five-minute intervals that fall in the dispatch
hour. The set of fixed marginal loss factors for each dispatch hour
shall be determined based on the marginal loss factors calculated in
the previous hour by the Real-Time Scheduling algorithm in section 8
of the real-time calculation engine.

6.3.2.10 The marginal loss factors for the advisory intervals that fall in the
hour following the dispatch hour shall be determined based on the
fixed marginal loss factors for the dispatch hour described in section 0
and the marginal loss factors calculated by the Real-Time Scheduling
algorithm in section 8 of the previous real-time calculation engine run.

6.3.2.11 The Real-Time Scheduling and Real-Time Pricing algorithms in
sections 8 and 9, respectively, shall use the same set of marginal loss
factors.

6.3 Outputs from the Security Assessment Function

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

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

6.4.1.2  pre-contingency and post-contingency sensitivity factors for each
interval;

6.4.1.3  the marginal loss factors as described in sections 0 — 0; and

6.4.1.4  loss adjustment quantity for each interval.
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7.1.1

8.1

8.1.1

8.2

8.2.1

8.3

8.3.1

Pass 1: Real-Time Scheduling and
Pricing

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

e the Real-Time Scheduling algorithm described in section 0;

e the Real-Time Pricing algorithm described in section 9;

Real-Time Scheduling

Purpose

The Real-Time Scheduling algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data submitted
by registered market participants or where applicable, the reference level values
for financial dispatch data parameters mitigated in previous pre-dispatch
calculation engine runs in accordance with Appendix 7.5A, section 14.7, to meet
the ZESO's province-wide non-dispatchable demand forecast and JESC-specified
operating reserve requirements for each interval of the real-time look-ahead
period.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by Real-Time Scheduling
algorithm are described in sections 3 and 4.

Variables and Objective Function
The Real-Time Scheduling algorithm shall solve for the following variables:

8.3.1.1 SDL;;, , which designates the amount of energy that a dispatchable
Jload scheduled at bus b€ B”" in interval i€ /in association with
lamination j € /&,;

8.3.1.2 S105DL;;,;, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at
bus 5 € BPL in interval i€ /in association with lamination j € /}p5;
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8.3.1.3  S10NDL;,;, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b€ B”" in interval /€ 7in association with lamination

. 10N,
JE€Js

8.3.1.4  S30RDL;;;, which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b e
B in interval /€ /in association with lamination j€ £)%;

8.3.1.5  SNDG;,, Which designates the amount of energy that a non-
dispatchable generation resource scheduled at bus » € BVP¢ in interval
i€ I'n association with lamination k€ K%,;

8.3.1.6  SDG;,, wWhich designates the amount of energy that a dispatchable
generation resource is scheduled at bus b€ B¢ in interval /€ 7in
association with lamination k€ &%,;

8.3.1.7  5108DG;,, Which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ B¢ in interval /€ 7in association with
lamination k€ K}p°;

8.3.1.8  S10NDG;,, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ B¢ in interval /€ 7in association with
lamination k€ Kp";

8.3.1.9  S30RDG;,, Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ B¢ in interval i€ 7in association with lamination
ke 1;2R;

8.3.1.10  5CT;,, which designates the schedule of the combustion turbine
resource associated with the pseudo-unit at bus b€ B™Y in interval
i€ [,

8.3.1.11  SST;,, which designates the schedule of steam turbine resource

PE PSTin interval /€ [,

8.3.1.12 7B, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in interval i€ 7, as described in section
0; and
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8.3.1.13  ViolCost; which designates the cost incurred in order to avoid having
the schedules violate constraints for interval 7€ /7, as described in
section 0.

8.3.2 The objective function for the Real-Time Scheduling algorithm shall maximize
gains from trade by maximizing the following expression:

z (ObjDL; — ObjNDG; — ObjDG; — TB; — ViolCost;)

i=1.ng
where:
0bjDL;
z SDL;y ;- PDL;p; — Z S§10SDL;y, ; - P1OSDL;y, ; —
B j€Ify S
pEBDL Z S10NDL;y, ;- PIONDL; ), ; — Z S30RDL;p, ; - P30RDL;, ;
jenipy jeript
ObjNDG; = Z Z SNDG; - PNDG; }, . |
beBNDC \ gekE,
and
Z SDG;py - PDG; g + Z S10SDG; p, - P10SDG;p s +
keKE keK10S
0bjDG; = e =i
pEBDG Z S10NDG; }, ;. - PIONDG; 5 + z S30RDG;p 1 - P30RDG; p 1
kek N kekFR

8.3.2.1  The tie-breaking term (75,) shall sum a term for each bid or offer
lamination. For each lamination, this term shall be the product of a
small penalty cost and the quantity of the lamination scheduled. The
penalty cost shall be calculated by multiplying a base penalty cost of
TBPen by the amount of the lamination scheduled and then dividing
by the maximum amount that could have been scheduled. That is:
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TB; = TBDL; + TBNDG; + TBDG,

where:
Z (SDL; )" - TBPen N z (S10SDL; ;)" - TBPen N
4, QDL L Q10SDL;, ;
J€lip J€lip
TBDL; = , , ;
byt ((SlONDL,v__,,_j) -TBPen)+ ((ssoRDLm) -TBPen)
(SNDG;x)° - TBPen
TBNDG; = T ;
beam06 \ior, Q ibk
and

Z (SDGipx)” - TBPen N z (S10SDG; )" - TBPen N
QDG p Q10SDG;p
keKE, " keKpS =
TBDG; = Z ) 2
vighe ((smmcm) -TBPen)+ ((SBORDGi_bJR) -TBPen)
keRipY keK?QR

Q10NDG; , x Q30RDG;p

8.3.2.1 ViolCost; shall be calculated for interval /€ 7 using the following
variables:

8.3.2.2.1 SLdViol;,, which designates the violation variable
affiliated with segment we€ {1,.,NV,4y;,,} of the penalty
curve for the energy balance constraint allowing under-
generation;

8.3.2.2.2 SGenViol,,, which designates the violation variable
affiliated with segment w€ {1,.., Ngenio,} Of the penalty
curve for the energy balance constraint allowing over-
generation;

8.3.2.2.3 $10SViol;,,, which designates the violation variable
affiliated with segment we {1,.., NVyosv4,,} O the penalty

curve for the synchronized ten-minute operating
reserve requirement;

8.3.2.24 S10RViol;,, which designates the violation variable
affiliated with segment w € {1,.., Vi) Of the penalty
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8.3.2.2.5

8.3.2.2.6

8.3.2.2.7

8.3.2.2.8

8.3.2.2.9

8.3.2.2.10

8.3.2.2.11

curve for the total ten-minute operating reserve
requirement;

S30RViol;,,, which designates the violation variable
affiliated with segment we€ {1,.,N3zy;,,} Of the penalty
curve for the thirty-minute operating reserve
requirement and, when applicable, the flexibility
operating reserve requirement;

SREG10RViol,;,, Which designates the violation
variable affiliated with segment w€ {1,., Ngggi0rvio} OF
the penalty curve for violating the area total fen-
minute operating reserve minimum requirement in
region r€ ORREG;,

SREG30RViol, ;,, Which designates the violation
variable affiliated with segment w € {1,., Ngggz0z1i0,} OF
the penalty curve for violating the area thirty-minute
operating reserve minimum requirement in region

r€ ORREG;

SXREG10RYViol,;,, which designates the violation
variable affiliated with segment w e {1,.., Nyggi0rvios} OF
the penalty curve for violating the area total ten-
minute operating reserve maximum restriction in
region r€ ORREG,

SXREG30RViol,;,, Which designates the violation
variable affiliated with segment w € {1,.., Nxzzgz0rvios} OF
the penalty curve for violating the area thirty-minute
operating reserve maximum restriction in region

r€ ORREG,

SPrelTLViolg;,, which designates the violation variable
affiliated with segment w€ {1,., Nprerrzyion,;} Of the

penalty curve for violating the pre-contingency
transmission limit for facility fe F, and

SITLViol,;,, which designates the violation variable
affiliated with segment we {1,., Nyr.yio,, .} Of the
penalty curve for violating the post-contingency

transmission limit for facility fe F and contingency
ce (.
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8.3.2.2 ViolCost; shall be calculated as follows:

ViolCost, = z SLdViol,,, - PLdViolSchy,,

w=1.Npavioy;

- z SGenViol,,, - PGenViolSch,,,

w=1.Ngenviol

n z $10SViol,,, - P10SViolSch,,

w=1.N1osviol;

n z S10RViol,,, - P10RViolSch,,,

w=1.N10Rviol;

n z S30RViol,,, - P30RViolSch,,,

w=1.N3oRViol;

+ z SREG10RViol,;,, - PREG10RViolSch,,,

rEORREG \w=1.NREG10RViol;

+ SREG30RViol,;,, - PREG30RViolSch,,,

rEORREG \w=1.NREG30RViol;

rEORREG \w=1.NXREG10RViol;

+ SXREG30RViol, ;,, - PXREG30RViolSch,,,

w=1.NXREG30RViol;

n z ( z SXREG10RViol, ,,, - PXREG10RViolSch,,

rEORREG

+ Z z SPrelTLViolg;,, - PPrelTLViolSchy,,,

fEF; \W=1.NpreITLViois,

+ Z Z SITLViol, ., - PITLViolSch, ;,, |

€EC fEFic \W=1.-NITLViol, £,

8.4 Constraints

8.4.1 The Real-Time Scheduling algorithm optimization function shall apply the
constraints described in sections 8.5 — 8.7.
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8.5 Dispatch Data Constraints Applying to Individual
Intervals

8.5.1 Scheduling Variable Bounds

8.5.1.1 No schedule shall be negative, nor shall any schedule exceed the
quantity offered for energy and operating reserve respectively.

Therefore:
0 <SDL;p;< ODL,, forall be B, j€ [ty
0= S105DL;,; = QL0SDL,, forall be B™, je J}3%
0= SI0ANDL;y; = QLONDL; forall b€ B, j€ [}V,
0 < S30RDLy,; < Q30RDLy,, for all b€ BPL, je %/
0 < SNDG,,, < QNDG,, , for all b€ BY?C, k€ K%,
0 < SDG,,; < QDG forall b€ B, k€ K
0 < S105DG; ., < Q10SDG, ;. for all b€ B"S, ke K}5°:
0 < SLONDG;,; < QLONDG, forall b€ B"S, ke Kj3"; and
0 < S30RDG,,, < BORDG,,, forall b€ B¢, ke K3OF

for all intervals /€ [

8.5.1.2 A non-quick start resource cannot provide energy when it is
scheduled to be offline. Therefore, for all intervals i € I, non-quick
start resource buses b € BN?S, and offer laminations k € K},:

0 < SDG;py < (1—AtZeroyp) - QDGyp

8.5.1.3 A non-quick start resource cannot provide operating reserve unless it
is scheduled at or above its minimum loading point. Therefore, for all
intervals i€ 7and non-quick start resource buses b e BVO:

0 < S10SDG,,, < (AtMLP,,, + EvalSD,}) - Q10SDG, for all k € K%
0 < S10NDG,,, < (AtMLP,, + EvalSD,,) - Q1ONDG,,, forallk € K:2"; and
0 < S30RDG,,, < (AtMLP,), + EvalSD, ) - Q30RDG,, for all k € K32R.
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8.5.2

8.5.3

Resource Initial Conditions

8.5.2.1

8.5.2.2

The initial schedule for a dispatchable load at bus b€ BPL shall be
fixed to the resource initial schedules. For all dispatchable load buses
be B

SDLyj; = SDLInitSchy,
I€Jop
The initial schedule for a dispatchable generation resource at bus b e

BP¢ shall be fixed to the resource initial schedules. For all
dispatchable generation resource buses b€ BC:

SDGy, . = SDGInitSchy,

kEKy

Resource Minimums and Maximums for Energy

8.5.3.1

8.5.3.2

8.5.3.3

8.5.3.4

A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for an interval. For all intervals
i€ Iand all buses b€ B"%:

MinDLy, < Y SDL,; < MaxDLy,.

JETih

The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all intervals /€ 7and all buses b€ B”":

SDL;;,; = QDLFIRM,,.
J€lip
The non-dispatchable generation resources shall be scheduled to the

fixed quantity determined by their observed output. For all intervals
i€ Iand all buses b€ B"PC:

SNDGin_k = FNDGi_b.
kEK Y

A constraint shall limit schedules for dispatchable generation
resources within their minimum and maximum output for an interval.
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8.5.4

8.5.3.5

For a dispatchable variable generation resource, the maximum
schedule shall be limited by its forecast. That is:

8.5.3.4.1 For all intervals i€ 7and all buses b€ B¢,

min(MaxDG;,, FG;,) if b € BVG

AdjMaxDG;), = {MaxDGg,b otherwise
and

AdjMinDG;;, = HH}}(M.’IHDGL wAdiMaxDG; .b)-

8.5.3.4.2 For all intervals i€ /and all buses b€ B¢:

Adei?lDGflb = SDGI.IJ,J{ = AdeQXDGin.
kEK
A constraint shall limit the schedule for a non-quick start resource at
or above its minimum loading point when such resource is committed

or when the resource shutdown is yet to be confirmed by the JESO.
For all non-quick start resource buses b€ B and intervals i€ I:

SDGi,b.k = AtMLPLb . MinQDGb.
kEKI.b

Operating Reserve Requirements

8.5.4.1

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

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

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

8.5.4.1.3 the remaining portion of its capacity that is
dispatchable after considering minimum load
consumption constraints.
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8.5.4.2  These restrictions shall be enforced by the following constraints for all
intervals /€ 7and all buses b € B

z S10SDL,, , + Z S10NDL,, ; + z S30RDL,,; < 30 - ORRDL,;

; . oN . 20R
jesres JEIip J€lip

Z S10SDL,, , + z S10NDL, , ; + z S30RDL,, ; < Z SDL,, ; — QDLFIRM, ,;
20R

JEISS jerpy I J€liy
and

z S10SDLy ), ; + 2 S10NDL,, ; + 2 S30RDL,,,, < Z SDL,, ; — MinDL, .
JEIRS JeIgy JEIZRR JEITy

8.5.4.3  The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its consumption over 10 minutes, as limited by its operating
reserve ramp rate. This restriction shall be enforced by the following
constraint for all intervals 7€ 7and all buses b€ B"*:

Z S10SDL;, ;+ ZMSNNDLWE 10-ORRDL,,

. 0s .
J€lp J€lip

8.5.4.4  The total gperating reserve scheduled from a dispatchable generation
resource shall not exceed the resource's ramp capability over 30
minutes, its remaining capacity, and its unscheduled capacity. These
restrictions shall be enforced by the following constraints for all
intervals 7€ 7and all buses b€ B”“:
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S10SDG; 5 + Z S10NDG; 5 + z S30RDG; ;. < 30 - ORRDG,;

108 10N 30R
kEK; Y, KEK|}, KEK[),

S10SDG; p  + Z S10NDG; 1 + Z S30RDG;
keKES keKEN kekiPR

= Z (@DG;ipy — SDG;p 1) ;

E
kEK{.b

and

S10SDG; e + Z S10NDG; . + Z S30RDG;

108 10N 30R
KEK}S KEK]P keK?y

< AdjMaxDG;,, — Z SDG; x|

kekE,

8.5.4.5 The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide shall not exceed the amount by which the
resource can increase its output over 10 minutes, as limited by its
operating reserve ramp rate. This restriction shall be enforced by the
following constraint for all intervals i€ /and all buses » € BPC:

S10SDG; 1, 1 + Z S10NDG; , < 10 - ORRDG,,.

108 10N
KEK}] KEK}Y

8.5.4.6  The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource is scheduled to provide shall be
limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following
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constraint for all intervals 7€ 7and all buses b € B”¢ with
RLP10S},,> 0:

z S10SDG; 1 1

keREDS
< z SDG !
- bk |\ RLP10S;,

E
KEK;),

min< 10 - ORRDG,, Z Q10SDG; p 1
KEKSDS
8.5.4.7  The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its
reserve loading pointfor thirty-minute operating reserve. This

restriction shall be enforced by the following constraint for all intervals
i€ 7and all buses b e B“ with RLP30R;;, >0:

S30RDG;

1
< SDGipy | | 5o
Z Lbk (RLP30R1-,E,)

kekf,

30R
keK{p

miny 30 - ORRDG,, Z Q30RDG; p

30R
KEK{p

8.5.5 Pseudo-Units

8.5.5.1 A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam
turbine resource’s shares in the operating regions of the pseudo-unit
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determined in section 10. For all intervals 7€ /and pseudo-unit buses
be B™U.

STShareMLP,, - Z SDG;pr | +

kek[fEE

SSTMod; ,, = z
ST
bEBy STShareDRb- Z SDGi,b,k + Z SDG;"E,‘,:C

DR DF
keKE) kekD}

SCTMod;, = (1 — STShareMLP,) - Z SDG; px

kekMEP

+ (1 — STShareDR,,) - z SDGip i |

kekPR

8.5.5.1.1 and for all intervals 7€ 7and steam turbine resources
pE PST:

8.5.5.2  Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules.
For all intervals 7€ 7and pseudo-unit buses b€ BSU:

SDG; . < MaxDR;,,

DR
keKi}

Z SDG; , , = MaxDF;,,

kekpf
and
SDG;pr + ZD SDGipp+ ) S10SDGip+ > S1ONDG;y)
k EKLf kek; J-.f keKl.ll gs keKﬁEN
+ S3ORDGi,b,k = Max.DRirb +MaxDFi’b.

OR
keK;,

8.5.5.3 For a pseudo-unit that cannot provide ten-minute operating reserve
from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled to provide ten-minute operating reserve whenever
the pseudo-unitis scheduled for energy in its duct firing region.
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8.5.6

8.6

8.6.1

8.5.5.4  For the purposes of the energy balance constraint in section 0 and the
transmission constraints in section 0, the combustion turbine
resource’s schedule for the pseudo-unit at bus b€ B™Y in interval
1€ 1, SCT;;, shall be equal to:

8.5.54.1 SCTMod;), if the pseudo-unitis scheduled at or above
minimum loading point,

8.5.5.4.2 the portion of UpTraj;, or DnTraj;;, defined in the
section 8.6.1 that was allocated to the combustion
turbine resource in accordance with section 10.6 if the
resource is ramping to or ramping from its minimum
loadling point; or

8.5.5.4.3 0 otherwise.

8.5.5.5  For the purposes of the energy balance constraint in section 0 and the
transmission constraints in section 0, the steam turbine resource’s
schedule for p € PST, SST;, shall be equal to SSTMod;, where
SST; , will be corrected to account for the contribution from pseudo-
units b e BgT ramping to or ramping from minimum loading point as
determined by the allocation of UpTraj;, or DnTraj;, in accordance
with section 10.6.

Dispatchable Hydroelectric Generation Resources

8.5.6.1 A dispatchable hydroelectric generation resource shall be scheduled
within its forbidden region if the resource is being ramped through
the forbidden region at its maximum offered ramp capability.

Dispatch Data Inter-Interval/Multi-Interval Constraints
Energy Ramping

8.6.1.1  For disptachable loads, the ramping constraint in section 0 uses
URRDL,, to represent a ramp up rate selected from URRDL,,,,, and
uses DRRDL, to represent a ramp down rate selected from
DRRDL; -

8.6.1.2  For disptachable generation resources, the ramping constraint in
section 0 uses URRDG, to represent a ramp up rate selected from
URRDG;},,, and uses DRRDG), to represent a ramp down rate selected
from DRRDG,,,,,.
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8.6.1.3  The real-time calculation engine shall respect the ramping restrictions
determined by the up to five offered MW quantity, ramp up rate and
ramp down rate value sets.

8.6.1.4  In the case of dispatchable loads, energy schedules cannot vary by
more than an interval’s ramping capability for that resource. This
constraint shall be enforced by the following for all intervals i€ /and
buses b e BP:

Z SDL; 1, —5DRRDL, < Z SDL;y;
jEJIj_E—Lb jE]Fb

< Z SDL;_yp; + 5 URRDL,.

jEJ"F—Lb

8.6.1.5 Energy schedules for a dispatchable generation resource cannot vary
by more than an interval’s ramping capability for that resource. This
constraint shall be enforced by the following for all intervals i€ /and
buses b€ BP¢:

z SDGi—i,b,k — 5 - DRRDGb = z SDGi,b,k

E E
KEKE |, kEK

< Z SDG;_1 px + 5 URRDG,,

kEKE |}

8.6.1 Non-Quick Start Resource Start-up and Shutdown

8.6.2.1 For all intervals in the real-time look-ahead period in which a non-
quick start resource is scheduled to start-up, such resource
shall be scheduled on a fixed ramp-up trajectory as
determined by its offered ramp rates. The ramp-up trajectory
(UpTraj;p) for interval 7€ /such that SU;,=1 is determined as
follows:

8.6.2.1.1 If 7 =1, then UpTraj;, shall be determined
from the resource initial schedule and the
offered ramp up capability;

8.6.2.1.2 If /> 1 and SU;, , =0, then UpTraj;;, shall be
determined from the offered ramp up capability
from 0; and
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8.6.2.1.3 For all intervals i€ /such that SU;,=1:

Z SDGI’:,b,k - UpT?‘aji’b.
keEKE,

8.6.2.2 For all intervals in the real-time look-ahead period in which a non-
quick start resource is scheduled to shutdown, such resource
shall be scheduled on a fixed ramp-down trajectory as
determined by its offered ramp rates. The ramp-down
trajectory (DnTraj;,) for interval 7€ 7such that sD;, =1 is
determined as follows:

8.6.2.2.1 If 7 =1, then DnTraj;;, shall be determined
from the resource initial schedule and the
offered ramp down capability;

8.6.2.2.2 If 7/ >1and $D;,; , = 0, then DnTraj;, shall be
MinQDG,,; and

8.6.2.2.3 If 7 >1 and $D;; ,= 1, then DnTraj;;, shall be
determined from the offered ramp down
capability from DnTraj; 4 p.

8.6.2.2.4 For all intervals i€ /such that SD,, = 1:
Z SDG;y , = DnTraj;,,.
keKE,
8.6.3 Operating Reserve Ramping

8.6.3.1  Constraints shall be applied to recognize that interval to interval
changes to a dispatchable loads schedule for energy may modify the
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amount of operating reserve that the resource can provide. For all
intervals 7€ 7and all buses b€ B”":

S10SDL;y ; + z S10NDL;, ; + Z S30RDL;y ;

jEItes i€y ISha
<-— Z SDL;_1p; + Z SDL;,; + 30 - ORRDL,
JEIE 1 JEITy
and
Z S10SDL;,, ; + Z S10NDL;,,;
JEIiR® jerty
< - Z SDL;_yp; + Z SDL;;; + 10 - ORRDL,,.
JEIE L J€Ify

8.6.3.2  Constraints shall be applied to recognize that interval to interval
changes in a dispatchable generation resource’s schedule for energy
may modify the amount of operating reserve that the resource can
provide. For all intervals 7€ 7/and all buses b€ B"C:

S10SDG; . + z S10NDG; . + Z S30RDG;

108 10N 30R
KEK} kek}y kEKF)

= Z SDGi—lJka - z SDGi,b,k + 30 * ORRDGb

kekE |, kekE,

and

S10SDG; p , + Z S10NDG; p i
keKDS kekpN

= Z SDGi—l,b,k - Z SDGi,b,k + 10 * ORRDGb.
kekE |, keKE,

8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance
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8.7.1.1  The total amount of energy withdrawals scheduled at load bus b€ B
in interval 7€ I, With;;, shall be:

Z SDL;y, if b € BPL
With; , = J€Ty
‘ FHDR;, if b € BHPR
FNBL;, if b € BNoBid

8.7.1.2  The total amount of export energy scheduled at /ntertie zone bus
de DXin interval /€ [, With;, as the fixed exports from Ontario to
the /ntertie zone export bus shall be:

Withi'd = FXLSChl"d .

8.7.1.3  The total amount of injections scheduled at internal bus b€ 5, in
interval 7€ 7, Inj;;, shall be:

( Z SNDG; , x if b € BNPS
keKE,
jp = S z SDG; x if b € BP¢
kEKE,
\FNOG;, if b € BNoosfer

8.7.1.4  The total amount of import energy scheduled at intertie zone bus
de DIininterval /€ I, Inj;4 as the imports into Ontario from that
Intertie zone bus shall be:

Inj;4 = FIGSch .

8.7.1.5  Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor to reflect the losses or reduction in losses that
result when injections or withdrawals occur at locations other than
the reference bus. These loss-adjusted injections and withdrawals
must then be equal to each other after taking into account the
adjustment for any discrepancy between total and marginal losses.
Load or generation reduction associated with the demand constraint
violation shall be subtracted from the total load or generation for the
real-time calculation engine to produce a solution.
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For interval i€ 1, the energy balance shall be:

FLI + Z (1 + MgILOSSi_b) - Wl'thijb
bepPLyUBHDR ,gNoBid

+ Z (1 + MglLOSSi’d) ' With["d - Z SLdVEOElW
deDX W=1‘-NLth'oli

= Z (14 MglLoss;y,) - Injy ),
peBNDGgDG ;gNoOffer

+ Z (1+ MglLoss; ) - Inji 4 — Z SGenViol;,,
deDI w=1"NGE?lViDIi

+ LossAdj;.

8.7.2 Operating Reserve Requirements

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

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

Z Z S10SDL;y; | + Z Z S10SDG,

beBDL jE]il_gS beBPG kEKL%gS

+ Z §108Viol;,, = TOT10S;;

w=1.N1osviol;
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Z Z S10SDL,; |+ Z Z S10SDG;

DL . 5 DG S
bERB }E]il,g beB ke}{éﬁ’

+ Z Z S10NDL;y ;
beBPL \ jeioN

+ Z Z S10NDG; ;. |+ Z F10NXLSch;,

d
beBPG \pex}oN deDX
+ Z F10NIGSch; 4 + Z S10RViol;,,
depi w=1.N1oRViol;
= TOT10R;;
and
Z Z S10SDL;p ; | + Z Z S$10SDG; p i,
bepDL jE]il,gS bepbG keKifgs
+ Z Z S10NDL;y, ;
beBPL \ jejioN
+ z z S10NDG; i | + Z F10NXLSch; 4
beBDG \gex oV deDX
+ Z F10NIGSch; 4 + Z Z S30RDL;y ;
depi beBPL \ je 3R
+ Z Z S30RDG; 1 | + Z F30RXLSch, 4
beBDG \ kek 3R deDx
+ Z F30RIGSch; 4 + Z S30RViol;,,
deDI w=1"N3URViOI{-
= TOT30R,.
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8.7.2.3  The following constraints shall be applied for each interval /€ 7 and
each region re ORREG:

Z SlOSDLi'bJ‘ + z Z SlOSDGi,b,k

beRREGNRDL \ jes10S beBREGnBDG \ ek ]S

+ Z z S10NDL;,; | + Z Z S10NDG; p .
beBREGNRDL \ je 10N beBREGnBDG \ ek 1PN

+ Z F10NXLSch; 4 + z F10NIGSch; 4
deDREGnpx deDREGnp;

+ Z SREG10RViol,;,, = REGMin10R,,;

w=1.NREG10RViol;

S10SDL;,; | + Z Z S105DG, p 1

beBREGNBDL \ je 1os beBREGNBDG \ ek 1PS

+ Z z S10NDL; | + Z Z S10NDG; p,
beBREGNBDL \jesipN beBRECnBPG \ ek}
+ z F10NXLSch; 4 + Z F10NIGSch; 4
deDREGnpx depREGnDT

- Z SXREG10RViol,;,, < REGMax10R,,;

w=1.NXREG10RViol;

S10SDL;p; |+ Z Z S510SDG;
beBRECNBDL \ jej1os beBRECNBDG \ kek9S
+ Z Z S10NDL;y; | + Z z S10NDG; p
beBREGNBDL \ jestoN beBRECABDG \ ek} N
+ Z F10NXLSch, 4 + Z F10NIGSch; 4
depREGnpx deDpREGnpI
- z SXREG10RViol,.;, = REGMax10R, ,;

W=1.NxREG10RViol;
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8.7.3

S10SDLy, ; | + Z Z S10SDG; 1

beBRESNBDL \ jerlns beBREGNBDE \ kek S

+ Z Z S10NDLy; | + Z Z S10NDG; j, i
beBREGnDL \ jertoN beBREGNEDE \ kek 1N

+ Z F10NXLSch; 4 + Z F10NIGSch; 4
deDRECnpx deDRECnpI

+ Z Z S30RDL;p; | + Z Z S30RDG; p i
beBFECNBDL \ jej3iR beBFECNBDG \kekipR

+ Z F30RXLSch; 3 + Z F30RIGSch; 4
deDREGnpx deDREGAD]

+ Z SREG30RViol, ;,, = REGMin30R;,;

W=1.NREG30RVi0l;

and

Z Z S108DL;y ; |+ Z Z S10SDG; g
beBFEGNBDL \ jejips beBFEGNBDG \ kek[p®

+ Z Z S10NDL;p; | + Z Z S10NDG; p
beBFEGNEDL \ jestpN beBFEGNEDG \ kekfpN

+ Z F10NXLSch; 4 + Z F10NIGSch; 4

depREGnpx depRECnpy

+ Z Z S30RDL;, ;
beBBEGNEDL \ je 7pR

53ORDG:-,,3,,C> + Z F30RXLSch; 4

+
bepREGNRDG \ kerPOR depREGnpx

+ Z F30RIGSch; 4

depREGnpy

_ Z SXREG30RViol, ;,,

W=1..NxREG30RViol;

< REGMax30R, .

IESO Internal Transmission Limits

8.7.3.1 A set of energy schedules shall be produced that do not violate any
security limits in the pre-contingency state and the post-contingency
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8.7.3.2

8.7.3.3

8.7.3.4

state subject to the remainder of this section 0. The total amount of
energy scheduled to be injected and withdrawn at each bus used by
the energy balance constraint in section 0, shall be used to produce

these schedules.

Pre-contigency, SPrelTLViol;,, and post-contingency, S/TLViol.g;,,

transmission limit violation variables shall allow the real/-time
calculation engine to find a solution.

For all intervals /€ 7and facilities f € F;, the linearized constraints for
violated pre-contingency limits obtained from the security assesment

function shall take the form:

PreConSFiy, - Inj;
bEBNDG UBDGUBNOOffeT

- E PreConSF;r, - With;
bEBDLUBHDRUBNDBid

+ Z PreConSFiypq - Inj;q — Z PreConSF; ¢ 4
depI depx
- With; 4 — Z SPrelTLViolg;,
W =1.NprelTiLviols
< AdjNormMaxFlow; .

For all intervals 7€ /, contingencies c € ¢, and facilities f € F;, the
linearized constraints for violated post-contingency limits obtained
from the security assesment function shall take the form:

SFicrp - Injip
bEBNDGUBDGUBNDfoBV
- Z SFL'JC,f,b " Withi}b + Z SFi,C,f,d
pepPLypHDRypNoBid deDI
Injig — Z SFicpa- Withg
deDx

_ Z SITLViol,;,, < AdjEmMaxFlow;, .

w=1.NiTLViol, r
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8.7.4

8.8

8.8.1

Penalty Price Variable Bounds

8.7.4.1

Outputs

0 = SLdViol,,, < QLdViolSch.
0 < SGenViol;,, < QGenViolSch,_
0 <S5108Viol;,, < Q10SViolSch,

0 < S10RVioly,, < Q10RViolSch,

0 < S30RViol;,, < Q30RViolSch;,,
0 < SREG10RViol, ;,, < OREG10RViolSch.

0 < SREG30RViol,;,, < OREG30RViolSch,

0 < SXREG10RViol, ;,, < OXREG10RViolSch.

0 < SXREG30RViol, ;,, < OXREG30RViolSch,

0 < SPrelTLVioly;,, < QPrelTL VfolSchﬁw

and

0 < SITLViol, g;,, < QITLViolSeh, ,,

Penalty price variables shall be restricted to the ranges determined by
the constraint violation penalty curves for the Real-Time Scheduling
algorithm and for all intervals i € I:

forall w € {1...Npgyiel, }:
forall w € {1,...Ngenviol,
forallw € {1,.., Nygsvior; }5

forallw € {1,.., Nygryioy };

forallw € {1,.., N3ogyio

for all » € ORREG, w € {1,..,Ngec10rviol, };
for all » € ORREG, w € {1,..,Nggc3orviol, }
for all » € ORREG, w € {1,.., Nypggiorvio, };
for all r € ORREG, w € {1,...Nxprcaorviol, }

for alle F:-, wE {1'!”9NP1‘CITLVi0]fi};

forallc € C,fE F'I',C’ wE {l’“?N]TLViolc_fi}‘

Outputs for the Real-Time Scheduling algorithm includes resource schedules.

Real-Time Pricing

9.1 Purpose
9.1.1 The Real-Time Pricing algorithm shall perform a security~constrained economic
dispatch to maximize gains from trade to meet the JESO’s province-wide non-
dispatchable demand forecast and the JESO-specified operating reserve
requirements for each interval of the real-time look-ahead period.
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9.2 Information, Sets, Indices and Parameters

9.2.1 Information, sets, indices and parameters used by the Real-Time Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedules from the Real-Time Scheduling algorithm in section 8 shall be used in
the Real-Time Pricing algorithm:

9.2.1.1  sDf® e {0,1}, which designates whether the dispatchable generation

resource at bus b€ BV was scheduled on a shutdown trajectory in
interval 7€ /such that EvalSD;, = 1;

9.2.1.2  SDLInitSch, ;, which designates the initial schedule for the
dispatchable load at bus b€ B”" used in the Real-Time Scheduling
algorithm in section 8; and

9.2.1.3  SDGInitSch, ;, which designates the initial schedule for the
dispatchable generation resource at bus b € B¢ used in the Real-
Time Scheduling algorithm in section 8.

9.3 Variables and Objective Function

9.3.1 The Real-Time Pricing algorithm shall solve for the same variables as the Real-
Time Scheduling algorithm in section 0.

9.3.2 The objective function for the Real-Time Pricing algorithm shall maximize gains
from trade by maximizing the expression in section 0 for the Real-Time
Scheduling algorithm.
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9.3.3 ViolCost; shall be calculated as follows:

ViolCost; = ; SLdViol;,, - PLdViolPrc,,
w=L.Nyavior

- ; SGenViol;, PGenViolPrc;,
wW=1.Neenvior

+ ; 5108Viol;,, - P10SViolPrc;,,
w=1.N1g5yiol,

+ ‘Z S10RViol;,, - P10RViolPrc;,,
W=1.N10Rv0l

+ Z 'S30RViol,, - P30RViolPrc;,
w=1..N30pvi01

+ ( SREGlORViOlrJI-JW'PREGIORVL'OIPTCE_W)
EG\w=1.Ngggiorvial,

SREG30RViol,;, - PREG3 URVioIPrcE'W)

EG\w=1. NHEG3URV[OE

w=1. NXREGIORV:O(

SXREG30RViol, ,,, - PYREG30RViolPrc;,,

EG\w=1. NXREG3ORV10{

( SXREG10RViol,,,, - PXREG1 ORVJJOEPTCLW)

+ Z SPrelTLVioly, - PPrelTLViolPrcy,,

EF, W=1"Nprgfrwsofﬂ

cofiw |

+y ¥ h; SITLViol,,,,- PITLViolPrc
cEC fEF w=1 ITLVWEC,f.f

9.3.3.1  The constraints in section 0 shall apply to the Real-Time Pricing
algorithm.
9.4 Constraints

9.4.1 The Real-Time Pricing algorithm optimization function shall apply the constraints
described in sections 9.5 — 9.8.
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9.5 Dispatch Data Constraints Applying to Individual
Intervals

9.5.1 Scheduling Variable Bounds

9.5.1.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm, with the following exceptions for a non-quick start resource
bus b€ BV and interval i€ I, where:

9.5.1.1.1 AtZeroy, shall be replaced by AtZerof[”;

9.5.1.1.2  AtMLE,, shall be replaced by AtMLPS"; and

9.5.1.1.3  EvalSD;; shall be replaced by EvalSDE".
9.5.2 Resource Initial Conditions

9.5.2.1  The initial schedule for a dispatchable load at bus b€ BPL shall be
fixed to the resource initial schedules. For all dispatchable load buses
be BPL

S SDL,,; = SDLInitPrc,,
, K o '
T op

9.5.2.2  The initial schedule for a dispatchable generation resource at bus b e
BP¢ shall be fixed to the resource initial schedules. For all
dispatchable generation resource buses b€ BC:

> SDGyy, =SDGInitPrcy,
kEKgdb

9.5.3 Resource Minimums and Maximums

9.5.3.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm, with the following exception:

9.5.3.1.1 AtMLE,, shall be replaced by AtMLPST”

where AtMLPS is determined in accordance with section 0.

9.5.4 Operating Reserve Requirements

9.5.4.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm.
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9.5.5 Pseudo-Units

9.5.5.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm.

9.5.6 Dispatchable Hydroelectric Generation Resources

9.5.6.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm.

9.6 Dispatch Data Inter-Interval/Multi-Interval Constraints
9.6.1 Energy Ramping

9.6.1.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm.

9.6.2 Non-Quick Start Resource Start-up and Shutdown

9.6.2.1  The constraints in section 8.6.1 shall apply in the Real-Time Pricing
algorithm, with the exception of the non-quick start resource start-up
and shutdown statuses, which are determined in accordance with
section 0.

9.6.3 Operating Reserve Ramping

9.6.3.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm.

9.7 Constraints for Reliability Requirements
9.7.1 Energy Balance

9.7.1.1  The constraint in section 0 shall apply in the Real-Time Pricing
algorithm, with the following exceptions:

9.7.1.1.1 FEXLSch;, shall be replaced by FXLPrc;,in section 0;
9.7.1.1.2 FIGSch; ; shall be replaced by FIGPrc;, in section 0; and

9.7.1.1.3 The energy balance constraint in section 0 shall be
modified to account for the demand adjustment
required to calculate /ocational marginal prices when a
voltage reduction or load shedding has been
implemented, as follows:
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9.7.2

9.7.3

FL, + CAAdj; + > (1 + MglLoss,,) - With,,
pepDLypHDRgNoBid
+ Z (1+ MglLoss; 4) - With; 4
deDX

- Z SLdViol,,

w=1.Npdviol;

= Z (1+ MglLoss;),) - Inj;,,
pepNDGgDG  gNoOffer

+ Z (1+ MgllLoss; q) - Inj; 4
deDI

- Z SGenViol;,, + LossAdj;.

W=1--NGenVio£i
Operating Reserve Requirements

9.7.2.1  The constraint in section 0 shall apply in the Real-Time Pricing
algorithm, with the following exceptions:

9.7.2.1.1 F1ONXLSch;; shall be replaced by F10NXLPrc;, for all
de DX;

9.7.2.1.2 F10NIGSch; 4 shall be replaced by F10NIGPrc;, for all
de DI

9.7.2.1.3 F30RXLSch; 4 shall be replaced by F30RXLPrc;, for all
de DX; and

9.7.2.1.4 F30RIGSch; 4 shall be replaced by F30RIGPrc;, for all
de DI

IESO Internal Transmission Limits

9.7.3.1  The constraints in section 0 shall apply in the Real-Time Pricing
algorithm except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of
the Real-Time Pricing algorithm.
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9.7.4

9.8

9.8.1

Penalty Price Variable Bounds

9.7.4.1

The following constraints shall restrict the penalty price variables to
the ranges determined by the constraint violation penalty curves. For

all intervals 7e r:

0 =SLdViol;,, < OLdViolPrc,
0 = SGenViol;,, < QGenViolPrc,
0 <S5108Viol;,, < Q108ViolPrc,

0 =S10RViol;,. < O10RViolPrc, |

0 < S30RViol,,, < Q30RViolPre, ,
0 < SREG10RViol, ;,, < OREG10RViolPrc,

0 < SREG30RViol,;,, < OREG30RViolPre,

0 < SYREG10RViol, ., < OXREG10RViolPre,

0 < SXREG30RViol, ;.. < OXREG30RViolPre,

0 <SPrelTLVioly;,, < OPrelTLViolPrc i

0 < SITLViol,g;,, < QITLViolPre,,, .

for all w € {1,...Napior. };
forall w e {ln--:NGenVio]i b
forall w € {1,...N1gspior, };

forall w € {1,...Nyggpiol, 5

for all w € {1,...N3orpiol,}

for all » € ORREG, w € {1,..,.NggGiorviol, }
for all » € ORREG, w € {1,..Ngggsorviol,} 5
for all » € ORREG, w € {1,...Nxzgg1orviol, }
for all » € ORREG, w € {1,...Nxzgg3orviol, }
forall fe F,,we {1,..,NPreITLV_,-o;ﬂi}; and

forallc € C,fE Ffjf., wE {15"7NITLViOfoi}'

Constraints to Ensure the Price Setting Eligibility of
Offer/Bid Laminations

Non-Quick Start Resources

9.8.1.1

The Real-Time Pricing algorithm shall modify the following start-up
and shutdown statuses for a non-quick start resource at bus b e BV

and interval ie

9.8.1.1.1

AtZerof{" € {0,1}, which designates that the resourceis

not scheduled and is calculated as follows:

AtZ erofg P

9.8.1.1.2

= AtZero;.

SURT? € {0,1}, which designates that the resource must

be scheduled for energy on its start-up trajectory and

is calculated as follows:

SUSP = SU;y,.

L
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9.8.1.1.3 AtMLPET” € {0,1}, which designates that the resourceis

scheduled for energy at or above the minimum loading
point and is calculated as follows:

AtMLP; ), if EvalSD;, =0

RTP _
AtMLP® = {1 - SDfy°  if EvalSD;, =1

9.8.1.1.4 EvalSDE[" € {0,1}, which designates that the resource

can be scheduled for energy below the minimum
loading point and is calculated as follows:

EvalSDF]* = 0.

9.8.1.1.5 SDXIF € {0,13, which designates that the resource must

be scheduled for energy on its shutdown trajectory and
is calculated as follows:

SD" =4 prrs , J
b SD;, if EvalSD;; =1

9.9 Outputs
9.9.1 Outputs for the Real-Time Pricing algorithm include:
9.9.1.1  shadow prices;

9.9.1.2  Jocational marginal prices and their components; and

9.9.1.3  sensitivity factors.

10 Pseudo-Unit Modelling

10.1 Pseudo-Unit Model Parameters

10.1.1 The real-time calculation engine shall use the following registration and dispatch
data to determine the underlying relationship between a pseudo-unit and the
associated physical resources for a combined cycle plant with K combustion
turbine resources and one steam turbine resource:

10.1.1.1  CMCR,, which designates the registered maximum continuous rating
of combustion turbine resource k€ {1,.,K} in MW;
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10.1.1.2 CMLA, which designates the minimum loading point of combustion
turbine resource ke {1,..,K} in MW;

10.1.1.3  SMCR, which designates the registered maximum continuous rating of
the steam turbine resource in MW;

10.1.1.4 SMLP, which designates the minimum loading point of the steam
turbine resource in MW for a 1x1 configuration;

10.1.1.5 SDF, which designates the amount of duct firing capacity available on
the steam turbine resource in MW;

10.1.1.6  STPortion,, which designates the percentage of the steam turbine
resource’s capacity attributed to pseudo-unit k€ {1,.,K}; and

10.1.1.7 ¢ScM; € {0,1}, which designates whether pseudo-unit k€ {1,.., K} is
flagged to operate in single cycle mode.

10.1.2 The real-time calculation engine shall calculate the following model parameters
for each pseudo-unit k€ {1,.K}.

10.1.2.1  MMCR,, which designates the maximum continuous rating of pseudo-
unit k and is calculated as follows:

CMCR,, + SMCR - STPortion; - (1 — CSCM})

10.1.2.2 MMLP,, which designates the minimum loading point of pseudo-unit k
and is calculated as follows:

CMLP, + SMLP - (1 — CSCMy)

10.1.2.3 MDF,, which designates the duct firing capacity of pseudo-unit k and
is calculated as follows:

SDF - STPortiony - (1 — CSCMy)

10.1.2.4 MDR,, which designates the dispatchable capacity of pseudo-unit k
and is calculated as follows:

MMCR,, — MMLP,, — MDF,
10.1.3 The real-time calculation engine shall define three operating regions of pseudo-
unit ke {1,.K}, as follows:

10.1.3.1 The minimum loading point region shall be the capacity between 0
and MMLP,;
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10.1.3.2 The dispatchable region shall be the capacity between MMLPA, and
MMLP, + MDR;

10.1.3.3 The duct firing region shall be the capacity between MMLA, + MDR,
and MMCR,,.

10.1.4 The real-time calculation engine shall calculate the associated combustion
turbine resource and steam turbine resource shares for the three operating
regions of pseudo-unit ke {1,..K}, as follows:

10.1.4.1 For the minimum loading point region:

10.1.4.1.1 Steam turbine resource share:

STShareMLP, = >H2 -2 ;—Lif"@ ;

10.1.4.1.2 Combustion turbine resource share:

CTShareMLP, = %; and

10.1.4.2  For the dispatchable region:

10.1.4.2.1 Steam turbine resource share:

STShareDR, =
(1-CSCMy)(SMCR-STPortiony—SMLP—SDF-STPortiony),

MDR, !
and

10.1.4.2.2 Combustion turbine resource share:

CMCRi—CMLPy, and

CTShareDR, = DR ;
k

10.1.4.3 For the duct firing region:
10.1.4.3.1 Steam turbine resource share shall be equal to 1; and

10.1.4.3.2 Combustion turbine resource share shall be equal to 0.
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10.2

Application of Physical Resource Deratings to the
Pseudo-Unit Model

10.2.1 The real-time calculation engine shall apply deratings submitted by market
participants to the applicable dispatchable capacity and duct firing capacity
parameters for a pseudo-unit, where:
10.2.1.1 CTcap,, designates the capacity of combustion turbine resource

ke {1,.,K} in interval /as determined by submitted deratings;
10.2.1.2  STCap; designates the capacity of the steam turbine resourcein
interval 7 as determined by submitted deratings; and
10.2.1.3  TotalQ,, designates the total offered quantity of energy for pseudo-
unit ke {1,.,K} in interval 1.
10.2.2 The real-time calculation engine shall solve for the following operating region
parameters for each pseudo-unit k€ {1,.,K}:
10.2.2.1 MLF,, designates the minimum loading point of pseudo-unit k in
interval 7

10.2.2.2 DR, designates the dispatchable capacity region of pseudo-unit k in
interval 7; and

10.2.2.3  DF;; designates the duct firing capacity region of pseudo-unit k in
interval 1.

10.2.3 Pre-Processing of De-rates

10.2.3.1 The real-time calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine resource’s and steam
turbine resource’s share and the application of the pseudo-unit
deratings. For pseudo-unit k€ {1,.,K} for interval i€ I:
10.2.3.1.1 Step 1: Calculate the amount of the offer for energy
that is attributed to each combustion turbine resource
(CTAmt;;) and steam turbine resource portion
(STAmt):
If TotalQ;, < MMLPy, then:
Calculate CTAmt;;, = 0;and
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Calculate STAmt;;, = 0.

Otherwise:

CTAMtMLP = MMLP,, - CTShareMLP,; and
STAmtMLP = MMLP,, - STShareMLP,.

If TotalQ;) > MMLP, + MDR,, then:
CTAmtDR = MDRy - CTShareDRy;
STAmtDR = MDR,, - STShareDR,; and

STAmtDF = (1— CSCMy) - (TotalQ; ) — MMLP, —
MDRy).

Otherwise:

CTAMtDR = (TotalQ;; — MMLP,) - CTShareDRy;

STAmtDR = (TotalQ;, — MMLPy) - STShareDRy;
STAmtDF = 0;

CTAmt;, = CTAmtMLP + CTAmtDR; and
STAmt;, = STAmtMLP + STAmtDR + STAmtDF.

10.2.3.1.2 Step 2: Allocate the steam turbine resource’s capacity to each
pseudo-unit.

STAmt,
Ywe .k} STAmML;

PRSTCap;; = ( ) - STCap;

10.2.3.1.3 Step 3: Determine if the pseudo-unitis available:

If CTAmt;;, < CMLP, then the pseudo-unitis
unavailable.

If STAmt;,, < SMLP - (1— CSCM,), then the pseudo-
unitis unavailable.

If CTCap;, < CMLPy, then the pseudo-unitis
unavailable.

IfPRSTCap; ), < SMLP - (1 — CSCMy,), then the pseudo-
unitis unavailable.

10.2.3.1.4 Step 4: Initialize the operating region parameters for interval
i € I'to the model parameter values:

Set MLP,;, = MMLP,,.
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Set DRi,k = MDRk
Set DFi,k = MDFk.
10.2.3.1.5 Step 5: Apply the derating for the combustion turbine resource
to the dispatchable region:
Calculate P so that CMLP, + P -CTShareDRy, -
MDR, = CTCap;; and
Set DR;; = min(DR;y ,P - MDR),).

10.2.3.1.6 Step 6: Apply the derating for the steam turbine resource to
the duct firing and diispatchable regions for pseudo-units not
operating in single cycle mode:

Calculate R so that SMLP + R - STShareDRy - MDR;, =
PRSTCap; .

If R < 1,update DF;, = 0,and DR;, = min(DR;,
R-MDRy).

If R > 1,update DF;, = min(DF;y, PRSTCap;; —
SMLP — STShareDR,, - MDR,)).

Available Energy Laminations

10.2.4.1 The real-time calculation engine shall determine the offer quantity
laminations that may be scheduled for energy and operating reserve
in each operating region for interval / € I for each pseudo-unit
ke {1,..,K}, subject to section 0, where:

10.24.1.1 QMLPF,, designates the total quantity that may be
scheduled in the minimum loading point region;

10.2.4.1.2 QDR;, designates the total quantity that may be
scheduled in the dispatchable region; and

10.2.4.1.3 QDF; designates the total quantity that may be
scheduled in the duct firing region.

10.2.4.2 The available offered quantity laminations shall be subject to the
following conditions:

0 < QMLP;;, < MLP;y;
0 < QDR;x < DRyy;
0 < QDF; < DFyy;
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if QMLP; ), < MLP;, then the pseudo —
unit is unavailable and QDR;, = QDF;;, = 0; and

if QDR; < DR;y,then QDF;; = 0.

10.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

10.3.1 The real-time calculation engine shall convert physical resource constraints to
pseudo-unit constraints, where:

10.3.1.1 PSUMinffk designates the minimum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PSUMinf{k shall

be set equal to 0;

10.3.1.2 PSUMaX;’]k designates the maximum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a maximum limitation on pseudo-unit k, then PSUMEIXIC;]I{ shall

be set equal to MLE, + DR;;+ DF;;; and

10.3.1.3 (CTCmtd;; € {0,1} designates whether combustion turbine resource
ke {1,.K} is considered committed in interval i€ 1.

10.3.2 The real-time calculation engine shall calculate the minimum and maximum
limitations, subject to section 0, as follows:

10.3.2.1  Minimum limitation: MinDG;y = MaXqe1,..q3PSUMING
10.3.2.2 Maximum limitation: MaxDG; ; = minqe{ll__Q}PSUMaxﬂk

where @ designates the number of constraints impacting a combined
cycle plant that have been provided to the real-time calculation
engine.

10.3.3 Pseudo-Unit Minimum and Maximum Constraints

10.3.3.1  Pseudo-unit minimum and maximum constraints shall be calculated as
follows:

10.3.3.1.1 PSUMin;; = PMin where PMin shall be a minimum
constraint provided on pseudo-unit k€ {1,.., K} for
interval 7€ /; and
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10.3.4

10.3.3.1.2 PSUMax,; =PMax where PMax shall be a maximum

constraint provided on pseudo-unit k€ {1,.., K} for
interval i€ 1

Combustion Turbine Resource Minimum and Maximum Constraints

10.3.4.1

10.3.4.2

10.3.4.3

STMaxDR = (CTMax — MLP; - CTShareMLP;,) (

If the pseudo-unitis not flagged to operate in single cycle mode, then
the combustion turbine resource’s minimum constraint shall be
converted to a pseudo-unit constraint as follows:

If CTMin < MLP; - CTShareMLP,, then set

STMinMLP = CTMin - (—STS"“’”‘?M"P"),

CTShareMLPy,
STMinDR = 0.
Otherwise, if CTMin = MLP;; - CTShareMLPy, then set

STMinMLP = MLP; - STShareMLP,,

STMIRDR = (CTMin ~ LR, CTSharentLp,)- (ot

Therefore:
PSUMin;, = CTMin + STMinMLP + STMinDR.

If a pseudo-unitis flagged to operate in single cycle mode, then the
combustion turbine resource’s minimum constraint shall be converted
to a pseudo-unit constraint as follows:

PSUMin;, = CTMin

If the pseudo-unitis not flagged to operate in single cycle mode, then
the combustion turbine resource’s maximum constraint shall be
converted to a pseudo-unit constraint as follows:

If CTMax < MLP;; - CTShareMLPy,then PSUMax;;, = 0and the
pseudo-unitis unavailable.

Otherwise, calculate the value of the constraint on the steam turbine
resource within the minimum loading point and dispatchable regions:

STMaxMLP = MLP; - STShareMLPy

STShareDRk)
CTShareDR,,
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PSUMax;; = CTMax + STMaxMLP + STMaxDR

10.3.4.4 If a pseudo-unitis flagged to operate in single cycle mode, then the
combustion turbine resource’s maximum constraint shall be converted
to a pseudo-unit constraint as follows:

PSUMax;; = CTMax.

10.3.5 Steam Turbine Resource Minimum and Maximum Constraints

10.3.5.1 The real-time calculation engine shall convert a stream turbine
resource’s minimum constraint to a pseudo-unit constraints as
follows:

10.3.5.1.1 Step 1: Identify A< {1,.,K}, which designates the set of
pseudo-units to which the constraint may be allocated
where pseudo-unit k€ {1,.,K} is placed in set 4 if and
only if CSCM, =0 and CTCmtd;; = 1. If the set 4 is
empty, then no further steps are required, otherwise
proceed to Step 2.

10.3.5.1.2 Step 2: Determine the steam turbine resource’s portion
of the capacity for pseudo-unit k € A:

STCap, = QMLP,;, - STShareMLP, + QDR
- STShareDRy, + QDF;.

10.3.5.1.3 Step 3: Allocate the S7TMin constraint to each pseudo-
unit k€ A, where STMin constraint shall be allocated
equally to each pseudo-unit ke A, where STPMin, is
limited by STCap.

10.3.5.1.4 Step 4: The steam turbine resource portion minimum
constraint shall be converted to a pseudo-unit
constraint, where for each pseudo-unit k € A:
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If STPMin, < MLP;, - STShareMLP,, then set

: and

CTMinMLP,, = STPMin,, - (CTShm"eMLPk)

STShareMLPy,
CTMinDR, = 0.

Otherwise, if STPMin, = MLP;, - STShareMLP,,
then set

CTMinMLP, = MLP,) - CTShareMLPy; and

CTMinDR,, = (STPMin, — MLP,, -

CTShareDR
STShareMLP,) - (Wrem:)'

Therefore:
PSUMin;, = STPMin, + CTMinMLP, + CTMinDR,.

10.3.5.1.4 If pseudo-units with sufficient steam turbine resource
capacity are not commited, then the real-time
calculation engine shall not convert the entire quantity
of the steam turbine resource’s minimum constraint to
pseudo-unit constraints.

10.3.5.2 The steam turbine resource’s maximum constraint shall be converted
to a pseudo-unit constraint as follows:

STAmt;,
Ywe1,.k} STAML;

PRSTMax;, = ( )-STMax.

If the converted steam turbine resource maximum constraint
limits the steam turbine resource portion to below its minimum
loading point, then

PSUMax;;, = 0.

Otherwise, calculate R so that SMLP + R -STShareDR,, -
MDR), = PRSTMax;

If R < 1,set PSUMax;, = MLP;, + min(DR;y,R - MDRy).

If R > 1,set PSUMax;, = MLP;, + DR;, + PRSTMax;; —
SMLP — STShareDR;, - MDR;,.

10.3.5.3 If the steam turbine resource’s minimum and maximum constraints
are equal but do not convert to equal pseudo-unit minimum and
maximum constraints, then the steam turbine resource minimum
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10.4

10.4.1

10.5

10.5.1

10.5.2

constraint conversion in section 0 shall be used to determine equal
pseudo-unit minimum and maximum constraints.

Steam Turbine Resource Forced Outages

If the steam turbine resource experiences a forced outage, the real-time
calculation engine shall evaluate the corresponding pseudo-units as being offered
in single cycle mode.

Determination of Energy Management System MW
Values for Pseudo-Units

The real-time calculation engine shall determine the effective energy
management system MW value for each pseudo-unit from the IESO’s energy
management system MW values for the corresponding physical resources,
where:

10.5.1.1  (CTTel, designates the energy management system MW value for
combustion turbine resource k € {1,.,K};

10.5.1.2  STTel designates the energy management system MW value for the
steam turbine resource;

10.5.1.3  PSUTel, designates the effective energy management system MW
value for pseudo-unit k € {1,.,K};

10.5.1.4 TMLP, designates the effective minimim loading point operating range
for the time at which energy management system MW value was
determined;

10.5.1.5 TDR, designates the effective dispatchable region operating range for
the time at which energy management system MW value was
determined; and

10.5.1.6  TDF,, designates the effective duct firing region operating range for
the time at which energy management system MW value was
determined.

The real-time calculation engine shall determine the effective energy
management system MW values for pseudo-units as follows:

10.5.2.1 Step 1: For all combustion turbine resources, assign the following
energy management system MW values to the corresponding pseudo-
unit k € {1,.,K}:
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10.5.2.2

10.5.2.3

10.5.2.1.1 CTMLPTel, , which designates the MW value assigned to
the combustion turbine resource’s share of the minimum
loadling point region and is calculated as follows:

CTMLPTel, = min{CTTel, ,CTShareMLP) - TMLP, }.

10.5.2.1.2 CTDRTel, , which designates the MW value assigned to the
combustion turbine resource’s share of the dispatchable
region and is calculated as follows:

If CTMLPTel,, < CTTely,then set CTDRTel;, =
min{(CTTel;, — CTMLPTel,),CTShareDR,, - TDR, }

Otherwise, set CTDRTel, = 0.

Step 2: Determine the maximum energy management system MW
value for the steam turbine resource that may be assigned to the
steam turbine resource’s share of the pseudo-unit’s minimum loading
point and dispatchable regions based on the amount assigned to the
combustion turbine resource’s share of the minimum loading point
and dispatchable regions. For pseudo-unit k€ {1,..,K}:

10.5.2.2.1 STMLPMax, designates the maximum MW value that may
be assigned to the steam turbine resource’s share of the
minimum loading point region and is calculated as follows:

STShareMLP, )

STMLPMax, = CTMLPTel (—
Tk €% "\ CTShareMLP,

10.5.2.2.2 STDRMazx, designates the maximum MW value that may
be assigned to the steam turbine resource’s share of the
dispatchable region and is calculated as follows:

STSha'reDRk)

STDRMax) = CTDRTel, - (m
k

Step 3: Allocate the energy management system MW value for the
steam turbine resource to the minimum loading point and
dispatchable regions of the pseudo-unitin proportion to the maximum
amount that may be allocated. For pseudo-unit k € {1,..,K}:

10.5.2.3.1 STMLPTel, designates the MW value assigned to the
steam turbine resource’s share of the minimum loading
point region and is calculated as follows:
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STMLPMaxy,
Yw=1.K(STMLPMax,,+STDRMax,)

STMLPTel, = min {STMLPMax, ,( )-sTTel}

10.5.2.3.2 STDRTel, designates the MW value assigned the steam
turbine resource’s share of the dispatchable region and
is calculated as follows

STDRMax;,
Yw=1x(STMLPMax,, + STDRMax,,)

STDRTel, = min {STDRMaxk ,( ) -STTel}

10.5.2.4 Step 4: Determine the remaining portion of the energy management
system MW value for the steam turbine resource that is yet to be
distributed (S7RemTel) as follows:

STRemTel = STTel — § (STMLPTel, + STDRTel,)
k=1.K

10.5.2.5 Step 5: Determine the maximum energy management system MW
value for the remaining steam turbine resource that may be assigned
to the duct firing region for the pseudo-unit based on whether the
pseudo-unitis fully loaded for its minimum loading point and
dispatchable regions. For pseudo-unit ke {1,.,K}:

10.5.2.5.1 STDFMax;, designates the maximum MW value that
may be assigned to the duct firing region and is
calculated as follows:

If (CTMLPTel,, + CTDRTel, + STMLPTel,, +
STDRTel,) = TMLP, + TDRy,then set STDFMax, =
TDFy

Otherwise, set STDFMax;, = 0.

10.5.2.6  Step 6: Distribute the remaining portion of the energy management
system MW value for the steam turbine resource to the duct firing
regions of the pseudo-unitin proportion to the maximum amount that
may be allocated. For pseudo-unit k€ {1,.,K}:

10.5.2.6.1 STDFTel, designates the MW value assigned to the
duct firing region and is calculated as follows:

STDFMax;,,
Zw:l..K STDFM(IXW

STDFTel;, = min {STDFMaxk ,( ) -STRemTel}.
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10.5.2.7 Step 7: Determine the effective real-time energy management system
MW value for the pseudo-unit by summing the MW values assigned to
operating regions of the pseudo-unit. For pseudo-unit ke {1,..,K}:

PSUTel, = CTMLPTel, + CTDRTel, + STMLPTel, +
STDRTel,, + STDFTel,.

10.6 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

10.6.1 For a combined cycle plant with K combustion turbine resources and one steam
turbine resource, the real-time calculation engine shall compute the following
energy and operating reserve schedules for interval 7€ I

10.6.1.1  CTE;, designates the energy schedule for combustion turbine
resource k€ {1,.,K};

10.6.1.2  STPE;, designates the energy schedule for the steam turbine
resource’s portion of pseudo-unit k € {1,..,K};

10.6.1.3  STE, designates the energy schedule for the steam turbine resource;

10.6.1.4  CT10S;, designates the synchronized ten-minute operating reserve
schedule for combustion turbine resource ke {1,.,K};

10.6.1.5 STP10S;, designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource’s portion of pseudo-unit
kef{1,.,K};

10.6.1.6  ST10S; designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource;

10.6.1.7 CT10N,, designates the non-synchronized ten-minute operating
reserve schedule for combustion turbine resource k€ {1,.,K};

10.6.1.8  STP10N;, designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine resource’s portion of pseudo-
unit ke {1,..K};

10.6.1.9 ST10N; designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine resource;

10.6.1.10 CT730R;, designates the thirty-minute operating reserve schedule for
combustion turbine resource k€ {1,.,K};
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10.6.2

10.6.3

10.6.1.11 STP30R,, designates the thirty-minute operating reserve schedule for
the steam turbine resource’s portion of pseudo-unit k€ {1,..,K}; and

10.6.1.12 ST30R; designates the thirty-minute operating reserve schedule for
the steam turbine resource.

The real-time calculation engine shall determine the following energy and
operating reserve schedules for pseudo-unit k€ {1,.,K} in interval i€ I

10.6.2.1 SE;; designates the total amount of energy scheduled and SE;; =
SEMLP, + SEDR;; + SEDF;;, Where:

10.6.2.1.1 SEMLP, designates the portion of the schedule
corresponding to the minimum loading point region,
where 0 < SEMLE,, < QMLP,;

10.6.2.1.2 SEDR; designates the portion of the schedule
corresponding to the dispatchable region, where
0 <SEDR,; < QDR,; and SEDR;; >0 only if
SEMLPE,, = QMLP,;

10.6.2.1.3  SEDF;,; designates the portion of the schedule
corresponding to the duct firing region, where
0 < SEDF;; < QDF;; and SEDF;;.> 0 only if SEDR;; =
ODR; i

10.6.2.2  $10S;, designates the total amount of synchronized ten-minute
operating reserve scheduled;

10.6.2.3  S104/;, designates the total amount of non-synchronized ten-minute
operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region, then 0 < SE;, + $10S5;, +
S10N;x < QMLP,; + QDR;;; and

10.6.2.4 S30R;, designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SE;; + 5105, + SLON;; + S30R;; < QMLP,; +
@DR;;+ QDFj;.

The real-time calculation engine shall convert pseudo-unit schedules to physical
generation resource schedules for energy and operating reserve, where:

10.6.3.1 STOn € {0,1} designates whether the steam turbine resource is
currently online;

Page 419 of 508

Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



10.6.4

10.6.3.2  CTE, , designates the initial energy schedule allocated to the
combustion turbine resource k€ {1,.,K}; and

10.6.3.3  STPE, ; designates the initial energy schedule allocated to the steam
turbine resource’s portion of pseudo-unit k€ {1,..K}.

The real-time calculation engine shall convert pseudo-unit schedules to physical
resource schedules for energy and operating reserve, as follows:

10.6.4.1 If SE; > MLP,, then:

CTE;, = SEMLP; - CTShareMLP, + SEDR;; - CTShareDRy;
STPE;; = SEMLP;, - STShareMLP, + SEDR; - STShareDR) + SEDF;;
RoomDR;, = QDR;; — SEDR;y;

10SDR;, = min(RoomDR;, S10S; );

10NDR;, = min(RoomDR; — 10SDR; , S10N; ;.);

30RDR;) = min(RoomDR;, — 10SDR;; — 10NDR; ;,S30R; ;);
CT10S;, = 10SDR;, - CTShareDRy;

STP10S;, = 10SDR;y - STShareDR;, + (510S;); — 10SDR; );
CT10N;; = 10NDR;, - CTShareDR,;

STP10N;, = 10NDR; - STShareDRy + (S10N;;, — 10NDR;;);
CT30R;, = 30RDR;; - CTShareDR,; and

STP30R;, = 30RDR; - STShareDRy + (S30R;; — 30RDR; ).

10.6.4.2 If SE;; < MLF, and is on a ramp up trajectory, then the energy
schedules for the combustion turbine resource and steam turbine
resource are determined as follows:

10.6.4.3 If the steam turbine resourceis not online, then the pseudo-unit
schedule will be assigned to the combustion turbine resource as
follows:

CTEi’k = SEi,k; and
STPE;; = 0.

10.6.4.4 If the steam turbine resourceis online, the incremental pseudo-unit
schedule will be assigned to the steam turbine resource until the
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assigned combustion turbine resource’s and steam turbine resource’s
schedules adhere to the pseudo-unit model as follows:

If( STPEi-vk )< STShareMLP,, then
STPEj_ 4 i +CTE{_q

CTE;x = CTEi_1y,
STPE;x = SE;x — CTE;_1 .
Otherwise:

CTE;x = SE;; - CTShareMLP,; and
STPE;) = SE;x - STShareMLP,.

10.6.4.5 If SE;, < MLF, and is on a ramp-down trajectory, then the energy
schedules for the combustion turbine resource and steam turbine
resource are determined as follows:

10.6.4.6  If the steam turbine resource is not online, then the pseudo-unit
schedule will be assigned to the combustion turbine resource as
follows:

CTE;x = SE;; and
STPE;; = 0.

10.6.4.7 If the steam turbine resourceis online, the pseudo-unit schedule will
be assigned according to the pseudo-unit model as follows

CTE;; = SE;; - CTShareMLPy; and
STPE;; = SE;) - STShareMLP,.

10.6.4.8 If SE;, < MLF,, then the operating reserve schedules for the
combustion turbine resource and steam turbine resource are as
follows:

$10S;, = S10N;;, = S30R;; = 0;

CT10S;, = 0;
STP10S;; = 0;
CT10N;, = 0;

STP10N;; = 0;
CT30R;;, = 0; and
STP30R;; = 0.
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10.6.4.9 The steam turbine resources portion schedules from section 0 through
0 shall be summed to obtain the steam turbine resource schedule as

follows:
STEI = Z STPE!'J;{:
k=1,.K
ST10S; = Z STP10S; . ;
k=1,.K
ST10N; = Z STP10N; ;
k=1,.K
and
ST30R; = STP30R;. ;

k=1,.K

11 Pricing Formulas

11.1  Purpose

11.1.1 The real-time calculation engine shall calculate /ocational marginal prices using
shadow prices, constraint sensitivities and marginal loss factors.

11.2 Sets, Indices and Parameters

11.2.1 The sets, indices and parameters used to calculate /ocational marginal prices are
described in section 4. In addition, the following shadow prices from Pass 1 shall
be used:

11.2.1.1  SPEmT]_,designates the Pass 1 shadow price for the post-

contingency transmission constraint for /acility fe Fin contingency
c€ Cininterval 7,

11.2.1.2  SPL designates the Pass 1 shadow price for the energy balance
constraint in interval 7

11.2.1.3 SPNormY;}fdesignates the Pass 1 shadow price for the pre-
contingency transmission constraint for /acility fe Fin interval i
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11.3

11.3.1

11.2.1.4

11.2.1.5

11.2.1.6

11.2.1.7

11.2.1.8

11.2.1.9

11.2.1.10

SP10St designates the Pass 1 shadow price for the total synchronized
ten-minute operating reserve requirement constraint in interval 7

SP10R} designates the Pass 1 shadow price for the total ten-minute
operating reserve requirement constraint in interval 7

SP30R: designates the Pass 1 shadow price for the total thirty-minute
operating reserve requirement constraint in interval 7

SPREGMin10R;, designates the Pass 1 shadow price for the minimum
ten-minute operating reserve constraint for region re ORREG in
interval 7

SPREGMin30 R}, designates the Pass 1 shadow price for the minimum
thirty-minute operating reserve constraint for region re ORREG in
interval 7

SPREGMaxloR};, designates the Pass 1 shadow price for the

maximum ten-minute operating reserve constraint for region
r€ ORREG in interval

SPREGMaxSOR},r designates the Pass 1 shadow price for the maximum
thirty-minute operating reserve constraint for region re ORREG in
interval 1.

Locational Marginal Prices for Energy

Energy Locational Marginal Prices for Delivery Points

11.3.1.1

The real-time calculation engine shall calculate a /locational marginal
price and components for energy for Pass 1 and each interval 7€ /for
every bus b€ L and:

11.3.1.1.1  LMP}, designates the Pass 1 interval / locational
marginal price for energy;

11.3.1.1.2 PRef} designates the Pass 1 interval i locational
marginal price for energy at the reference bus,

11.3.1.1.3 PLoss}, designates the Pass 1 interval  loss
component,; and

11.3.1.1.4  PCong}, designates the Pass 1 interval / congestion
component.
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11.3.1.2 The real-time calculation engine shall calculate an initial /ocational

marginal price for energy, a locational marginal price for energy at
the reference bus, a loss component and a congestion component for
Pass 1 at bus b€ L in interval i€ /, as follows:

InitLMP}, = InitPRef;' + InitPLoss}, + InitPCongy},

where:

InitPRef;* = SPL};

InitPLoss}, = MglLoss;, - SPL};

and

InitPCong}, = Z PreConSF; ), - SPNormT;;
fEF;

+ Z Z SFi,C,f,b 'SPEmTi:‘I'C_f.

cEC fEF; .

11.3.1.3 If the initial /ocational marginal price for energy at the reference bus
(InitPRef?) is not within the settlement bounds
(EngyPrcFir, EngyPrcCeil), then the real-time calculation engine shall
modify the /locational marginal price for energy at the reference bus
as follows:
If InitPRef! > EngyPrcCeil ,set PRef! = EngyPrcCeil
If InitPRef;' < EngyPrcFlr,set PRef} = EngyPrcFlr
Otherwise, set PRef;' = InitPRef;!

11.3.1.4 If the initial /ocational marginal price for energy(lnitLMEfb) is not
within the settlement bounds (EngyPrcFir, EngyPrcCeil), then the real-
time calculation engine shall modify the /ocational marginal price for
energy as follows:

If InitLMP}, > EngyPrcCeil,set LMP}, = EngyPrcCeil.
If InitLMP}, < EngyPrcFlr,set LMP}, = EngyPrcFlr.
Otherwise, set LMP},=InitLMP{,,

11.3.1.5 The real-time calculation engine shall modify the loss component as
follows:

If PRef’ # InitPRef}',set PLoss}, = MglLoss;, - PRef;
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Otherwise, set PLoss};, = InitPLoss},

11.3.1.6  The real-time calculation engine shall modify the congestion
component as follows:

If LMP}, — PRef! —
PLoss}, and InitPCong}, have the same mathematical sign, then set PCong},, =
LMP}, — PRef' — PLoss},

Otherwise, set PCong}, = 0 and set PLoss{;, = LMP};, — PRef"

11.3.2 Energy Locational Marginal Prices for Intertie Metering Points

11.3.2.1 The real-time calculation engine shall calculate a /ocational marginal
price and components for energy for Pass 1 and each interval i€ / for
Intertie zone bus de€ D, where:

11.3.2.1.1 EXtLMP];’;D designates the /ocational marginal price for
energy for the dispatch hourin which interval 7 falls as
calculated by the pre-dispatch calculation engine;

11.3.2.1.2  ICP, designates the Pass 1 interval / intertie
congestion price,

11.3.2.1.3 ICPY} designates the intertie congestion price for the
dispatch hour in which interval /falls as calculated by
the pre-dispatch calculation engine,

11.3.2.1.4  IntLMP, designates the Pass 1 interval 7 intertie border
price for energy;

11.3.2.1.5  ExtLMP!, designates the Pass 1 interval / locational
marginal price for energy;

11.3.2.1.6  PExtCong}, designates the Pass 1 interval ; external
congestion component for the /ntertie congestion price;

11.3.2.1.7 PExtCong!, designates the external congestion

component for the intertie congestion price for the
dispatch hour in which interval j falls as calculated by
the pre-dispatch calculation engine,

11.3.2.1.8  PintCong}; designates the Pass 1 interval /internal
congestion component for energy;
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11.3.2.1.9 PlLoss], designates the Pass 1 interval /loss component;

11.3.2.1.10  PNISL, ; designates the Pass 1 interval / net
interchange scheduling limit congestion component for
the /ntertie congestion price;

11.3.2.1.11  PNISL] designates the net interchange scheduling
limit congestion component for the /ntertie congestion
price for the dispatch hour in which interval j falls as
calculated by the pre-dispatch calculation engine; and

11.3.2.2 The real-time calculation engine shall calculate an intertie border price
for energy, a locational marginal price for energy for the reference
bus, a loss component and a congestion component for energy for
Pass 1 at /ntertie zone bus de D, in intertie zone a€ A in interval i€ /,
subject to section 0, as follows:

InitIntLMP}; = InitPRef;' + InitPLoss}, + InitPIntCong},
where
InitPRefi* = SPL};
InitPLossil,d = MglLoss; 4 -SPL};

and
InitPIntCong},
= z PreConSF;; 4 - SPNormT;;
fEF;
+ z Z SFI’:,C,f,d 'SPEmTI.:!'C‘f
CEC fE€F;,

11.3.2.3 If there is import congestion in pre-dispatch such that ICE;’}D <0, the
real-time calculation engine shall calculate an initial /ocational
marginal price, an intertie congestion price, and the net interchange
scheduling limit congestion component for the intertie congestion
price for energy for Pass 1 at /ntertie zone bus de€ D in interval i€ /as
follows:

InitExtLMP}; = min(InitIntLMP},, ExtLMP[?);

InitICP}; = InitExtLMP}; — InitIntLMP};
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11.3.2.4

11.3.2.5

where:

If InitExtLMP}; = InitIntLMP};, then InitICP}; =
0 and InitPNISL} ; = 0;

and

If InitExtLMP}; = ExtLMP/}, then InitICP}; and InitPNISL} 4
shall be prorated based on their pre-dispatch magnitudes so

that their sum equals the effective real-time intertie
congestion price.

If there is export congestion in pre-dispatch such that /CP;7 > 0, the

real-time calculation engine shall calculate an initial /ocational

marginal price, an intertie congestion price, and the net interchange

scheduling limit congestion component for the intertie congestion

price for energy for Pass 1 at /intertie zone bus de D in interval i€ /as

follows:

InitExtLMP}; = InitIntLMP},; + InitICP},
where:

InitICP}; = InitPExtCong}, + InitPNISL} 4
InitPExtCongil,d = PExtCongfg;

and

InitPNISL;; = PNISL}.

If there is no /intertie congestion in pre-dispatch such that ICff’ D=0

or an /ntertie zone is out-of-service in real-time, then the real-time
calculation engine shall calculate an initial /ocational marginal price,

an /ntertie congestion price, and the net interchange scheduling limit
congestion component for the /intertie congestion price for energy for

Pass 1 at /ntertie zone bus de€ D in interval i€ [ as follows:

InitExtLMP}, = InitIntLMP}; + InitICP},

where
InitICP}; = InitPExtCong}y + InitPNISL;, = 0
InitPExtCong}, = PExtCong!?;

and
InitPNISL;; = PNISL}Y.
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11.3.2.6 If the intertie border price for energy(lnitlntLM}}]d) is not within the
settlement bounds ( EngyPrcFir, EngyPrcCeil), then the real-time
calculation engine shall modify the /ntertie border price for energy,
and its components, as follows:

11.3.2.6.1 The initial /ocational marginal price for the reference
bus (InitPRef}) shall be modified as per section 0;

11.3.2.6.2 The initial /intertie border price (InitlntLMP,fd) shall be
modified as per section 0, where /nitLMF}, =
InitintLMB;

11.3.2.6.3 The initial loss component (InitPLossj%d) shall be
modified as per section 0; and

11.3.2.6.4 The initial internal congestion component
([nitP]ntCong‘}d) shall be modified as per section 0,
where [nitPCongy;, = InitPIntCong .

11.3.2.7 If the initial /ocational marginal price for energy(]nitExtLMEfd) is not
within the settlement bounds ( EngyPrcFir, EngyPrcCeil), then the real-
time calculation engine shall modify the /ocational marginal price for
energy, as follows:

If InitExtLMP}; > EngyPrcCeil, set ExtLMP}; =
EngyPrcCeil.

If InitExtLMPl%d < EngyPrcFlr,set ExtLMPl%d = EngyPrcFlr.
Otherwise, set ExtLMP}; = InitExtLMP},.

11.3.2.8 If the modified /ocational marginal price for energy(ExtLME}d)
determined in section 0 is equal to the intertie border price for energy
([ntLMH;ld), then the real-time calculation engine shall modify the
external congestion component for the /intertie congestion price and
net interchange scheduling limit congestion component for the intertie
congestion price, as follows:

If ExtLMP}; = IntLMP};, set PExtCong}, =
0 and PNISL;; = 0.

11.3.2.9 If the modified /ocational marginal price for energy(ExtLME}d)
determined in section 0 is not equal to the /ntertie border price for
energy(lntLMB}d , then the real-time calculation engine shall modify
the external congestion component for the intertie congestion price
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and net interchange scheduling limit congestion component for the
Intertie congestion price, as follows:

If ExtLMP}; # IntLMP};, then set

PNISL,; = (ExtLMP}, — IntLMPL,) -

InitPNISL{ 4
InitPNISL} +InitPExtCong}, /)

If PNISL;; > NISLPen,thenset PNISL;, = NISLPen;

If PNISL;; < (—1) - NISLPen,thensetPNISLj;, = (—1)-
NISLPen; and

Set PExtCong;, = ExtLMP}; — IntLMP}; — PNISL},

11.3.2.10 The real-time calculation engine shall calculate the /ntertie congestion

11.3.2.11

price as follows:

ICP!,; = PExtCong}y + PNISL;,.

The /locational marginal price for energy calculated by the real-time

calculation engine shall be the same for all boundary entity resource
buses at the same intertie zone. Intertie transactions associated with
the same boundary entity resource bus, but specified as occurring at

different /intertie zones, subject to phase shifter operation, shall be
modelled as flowing across independent paths. Pricing of these
transactions shall utilize shadow prices associated with the internal
transmission constraints, intertie limits and transmission losses
applicable to the path associated to the relevant /ntertie zone.

11.3.3 Zonal Prices for Energy

11.3.3.1

The real-time calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each interval 7€ J, the
energy price for virtual transaction zone me M , as follows:

VZonalP},, = PRef;' + VZonalPLoss},, + VZonalPCong},,

i,m 1,m

where:
VZonalPLoss},, = WF/IE - PLoss},
beLVIRT
and
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i,mb

VZonalPCong},, = Z WF/IEL - PCongl,

VIRT
beLY]

11.3.3.2 The real-time calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each interval 7€ 7 for non-
dispatchable load zone y € Y, as follows:

ZonaIPfy = PRef! + ZonalPLossgy + ZonaIPCongil_y

where:

ZonalPLoss], = z WE]\) - PLossj),

NDL
bELy,

and|

ZonaiPCongiy = Z WF;:!,\;?;' - PCongj,,

NDL
beLy

11.3.3.3 The Ontario zonal priceis calculated per section 0 where the non-
dispatchable load zone is comprised of all non-dispatchable loads
within Ontario.

11.3.4 Pseudo-Unit Pricing

11.3.4.1 The real-time calculation engine shall calculate a /ocational marginal
price and components for energy for Pass 1 and each interval i€ /for
every pseudo-unit k€ {1,.,K}, where:

11.34.1.1 CTMgILoss}k designates the marginal loss factor for the
combustion turbine resource identified by pseudo-unit
k for each interval 7 in Pass 1;

11.3.4.1.2 STMgILossfk designates the marginal loss factor for the

steam turbine resource identified by pseudo-unit k for
each interval 7 in Pass 1;

11.3.4.1.3 CTPreConSF; . designates the pre-contingency
sensitivity factor for the combustion turbine resource
identified by pseudo-unit k on facility fduring interval i
under pre-contingency conditions;

11.3.4.1.4 STPreConSF; . designates the pre-contingency
sensitivity factor for the steam turbine resource

Page 430 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



identified by pseudo-unit k on facility fduring interval i
under pre-contingency conditions;

11.3.4.1.5 CTSF; . s, designates the post-contingency sensitivity
factor for the combustion turbine resource identified by
pseudo-unit k on facility fduring interval junder post-
contigency conditions for contingency ¢; and

11.3.4.1.6 STSF; . ¢y designates the post-contingency sensitivity
factor for the steam turbine resource identified by
pseudo-unit k on facility fduring interval 7 under post-
contingency conditions for contingency c.

11.3.4.2 The real-time calculation engine shall calculate an initial /ocational
marginal price for energy, a locational marginal price for energy at
the reference bus, a loss component and a congestion component for
Pass 1 and each interval i for every pseudo-unit ke {1,.,K}, as follows:

InitLMP};, = InitPRef;' + InitPLoss}; + InitPCong},
where:
InitPRef* = SPL};
InitPLossiljk = MglLoss},k - SPL};

and

InitPCong}}k = z PreConSF; s i -.S'PI\"m"m’l“l-Jljc
JEF;

+Z Z SFicrk -SPEngC_f|

cEC fEF;,

11.3.4.3 If pseudo-unit k€ {1,.,K} is scheduled within its minimum loading
point range or not scheduled at all, its marginal loss and sensitivity
factors shall be:

MglLoss} = CTShareMLPy - CTMglLoss}, + STShareMLP,
- STMglLoss}

PreConSF; s, = CTShareMLPy - CTPreConSF;y
+ STShareMLPy - STPreConSF

SFicsx = CTShareMLP, - CTSF; s, + STShareMLP, - STSF;. ;.
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11.4

11.4.1

11.3.4.4 If pseudo-unit k€ {1,.,K} is scheduled within its dispatchable region,
its marginal loss and sensitivity factors shall be:

MglLoss}, = CTShareDR) - CTMglLoss;, + STShareDR,
- STMglLoss},

PreConSF;f) = CTShareDR) - CTPreConSF;f
+ STShareDR), - STPreConSF; ¢ i

SFi,C,f,k = CTShaT'eDRk ' CTSFi,C,f,k + STShaT'eDRk ' STSFi,C,f,k

11.3.4.5 If pseudo-unit ke {1,.,K} is scheduled within its duct firing region, its
marginal loss and sensitivity factors shall be:

MglLoss}, = STMglLoss}y
PreConSF; ) = STPreConSF;y
SFi,c,f,k = STSFi‘C’f'k

Locational Marginal Prices for Operating Reserve

Operating Reserve Locational Marginal Prices for Delivery Points

11.4.1.1 The real-time calculation engine shall calculate /ocational marginal
prices and components for operating reserve for Pass 1 and each
interval 7 for a delivery point associated with the dispatchable
generation resource or dispatchable load bus b € B, where:

11.4.1.1.1 L30RP}, designates the Pass 1 interval / /ocational
marginal price for thirty-minute operating reserve,

11.4.1.1.2 P30RRef! designates the Pass 1 interval i locational
marginal price for thirty-minute operating reserve at
the reference bus;

11.4.1.1.3 P30RCongfb designates the Pass 1 interval 7 congestion
component for thirty-minute operating reserve;

11.4.1.14 LI10NF), designates the Pass 1 interval / Jocational

marginal price for non-synchronized ten-minute
operating reserve,

11.4.1.1.5 P10NRef! designates the Pass 1 interval i locational
marginal price for non-synchronized ten-minute
operating reserve at the reference bus;
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11.4.1.2

11.4.1.1.6  P10NCong], designates the Pass 1 interval / congestion
component for non-synchronized ten-minute operating
reserve,

11.4.1.1.7 L10SP}, designates the Pass 1 interval i locational
marginal price for synchronized ten-minute operating
reserve,

11.4.1.1.8 P10SRef! designates the Pass 1 interval 7 locational
marginal price for synchronized ten-minute operating
reserve at the reference bus,

11.4.1.1.9  P10SCong;, designates the Pass 1 interval / congestion
component for synchronized ten-minute operating
reserve, and

11.4.1.1.10  ORREG, < ORREG as the subset of ORREG consisting of
regions that include bus b.

The real-time calculation engine shall calculate an initial /ocational
marginal price, a locational marginal price at the reference bus, and
congestion components for Pass 1 for a delivery point associated with
the dispatchable generation resource or dispatchable load at bus

be Bin interval i€ I for each class of gperating reserve, as follows:

InRLSORPﬁ,=1nﬁP30RReﬁ1+1nuP30RCongh
where:
InitP30RRef;' = SP30R}
and

InitP30RCong},,

= Z SPREGMin30R},
rEORREG)

+ Z SPREGMax30R},
TEORREG)
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InitL10NP}, = InitP10NRef;' + InitP10NCong},

where:

InitP10NRef;! = SP10R} + SP30R}

and

InitP10NCong},
= Z (SPREGMin10R},
TEORREG)
+ SPREGMin30R},)
+ Z (SPREGMax10R},
rEORREG)

+ SPREGMax30R},)

InitL10SPY, = InitP10SRef;" + InitP10SCong},

where:

IniftPl(JSR’efil = .S‘Pl()Si1 + SPl(JRi1 + SPBOR}
and

InitP10SCong},
= Z (SPREGMin10R},
rEORREG)
+ SPREGMin30R},)
+ z (SPREGMax10R},

rEORREG)
+ SPREGMax30R},)

11.4.1.3 If the initial /ocational marginal price at the reference bus
(InitP30RRef!, InitP10NRef! or InitP10SRefl) is not within the
settlement bounds (ORPrcFir, ORPrcCeil), then the real-time
calculation engine shall modify the /locational marginal price at the
reference bus for each class of operating reserve as follows:

If InitP30RRef;' > ORPrcCeil, set P30RRef;! = ORPrcCeil;
If InitP30RRef* < ORPrcFlr,set P30RRef} = ORPrcFlr;
Otherwise, set P30RRef! = InitP30RRef;.

Page 434 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



11.4.1.4

11.4.1.5

If InitP10NRef;' > ORPrcCeil, set PIONRef;' = ORPrcCeil
If InitP10NRef;' < ORPrcFlr,set PIONRef;' = ORPrcFlr
Otherwise, set P10NRef! = InitP10NRef?

If InitP10SRef;!, ORPrcFlr > ORPrcCeil ,set P10SRef
ORPrcCeil

If InitP10SRef;, ORPrcFlr < ORPrcFlr,set P10SRef! =
ORPrcFlr

Otherwise, set P10SRef! = InitP10SRef}

If the initial /ocational marginal price (lnitLj’OREfb,
InitL10NP}, or InitL10SPL) is not within the settlement bounds
(ORPrcFIr, ORPrccCeil), then the real-time calculation engine shall

modify the /ocational marginal price for each class of operating
reserve as follows:

If InitL30RP}, > ORPrcCeil,set L30RP), = ORPrcCeil;
If InitL30RP}, < ORPrcFlr,set L30RP}, = ORPrcFlr;
Otherwise, set L30RP}, = InitL30RP},.

If InitL10NP}, > ORPrcCeil, set LIONP}, = ORPrcCeil;
If InitL10NP}, < ORPrcFlr,set LIONP}, = ORPrcFlr;
Otherwise, set L10NP}, = InitL10NP},.

If InitL10SP}, > ORPrcCeil,set L10SP;}, = ORPrcCeil;
If InitL10SP}, < ORPrcFlr,set L10SP.}, = ORPrcFlr;

Otherwise, set L10SP}, = InitL10SP},.

If the initial /ocational marginal price (lnitLBOR}fb,
InitL10 NPy, or InitL10SPY,) is not within the settlement bounds
(ORPrcFIr, ORPrccCeil), then the real-time calculation engine shall

modify the congestion component for each class of operating reserve

as follows:

Set P30RCong}, = L30RP}, — P30RRef};
Set P10NCong}, = L10NP}, — P10NRef;'; and
Set P10SCong;, = L10SP}, — P10SRef;".
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11.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

11.4.2.1 The real-time calculation engine shall calculate /ocational marginal
prices and components for operating reserve for Pass 1 and each
interval 7€ /, for intertie zone bus d e D, where:

11.4.2.1.1  ExtL30RPY; designates the Pass 1 interval / /ocational
marginal price for thirty-minute operating reserve,

11.4.2.1.2  ExtL30RP'Y designates the /ocational marginal price for
thirty-minute operating reserve for the dispatch hourin
which interval / falls as calculated by the pre-dispatch
calculation engine;

11.4.2.1.3  P30RExtCong],; designates the Pass 1 interval ;

congestion component for thirty-minute operating
reserve,

11.4.2.1.4 P30RExtCong!,] designates the intertie congestion
Intertie component for thirty-minute operating reserve
for the dispatch hour in which interval j falls as
calculated by the pre-dispatch calculation engine;

11.4.2.1.5  ExtL10NP., designates the Pass 1 interval i /ocational

marginal price for non-synchronized ten-minute
operating reserve,

11.4.2.1.6  ExtLIONF; designates the /ocational marginal price
for non-synchronized ten-minute operating reserve for
the dispatch hour in which interval / falls as calculated
by the pre-dispatch calculation engine;

11.4.2.1.7 P30RRef! designates the Pass 1 interval / locational
marginal price for thirty-minute operating reserve at
the reference bus;

11.4.2.1.8  P30RIntCong/, designates the Pass 1 interval /internal

congestion component for thirty-minute operating
reserve;

11.4.2.1.9  P10NRef! designates the Pass 1 interval i locational
marginal price for non-synchronized ten-minute
operating reserve at the reference bus;
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11.4.2.1.10  P10NIntCong}; designates the Pass 1 interval /internal

congestion component for non-synchronized ten-
minute operating reserve,

11.4.2.1.11  P10NExtCong],; designates the Pass 1 interval / intertie

congestion component for non-synchronized ten-
minute operating reserve, and

11.4.2.1.12  P10NExtCong.} designates the /ntertie congestion
component for non-synchronized ten-minute operating
reserve for the dispatch hourin which interval i falls as
calculated by the pre-dispatch calculation engine.

11.4.2.2 The real-time calculation engine shall calculate an initial /ocational
marginal price, a locational marginal price at the reference bus, an
internal congestion component and an /ntertie congestion component
for Pass 1 at /intertie zone bus d€ Din interval i€ I, for each class of
operating reserve, subject to section 0, as follows:

InitlntLBORPfd = InitPE';O:‘?l'i’eﬁ-1 + InitPBORIntCong},d
where:

InitP30RRef! = SP30R}

and
InitP30RIntCong} 4
= Z SPREGMin30R},
TEORREG 4
+ z SPREGMax30R},
TEORREG4
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InitintL10 NP, = InitP10 NRef} + InitP10 NIntCong, ,
where:
[nitP10 NRef!=SP10 R} +SP30R!
and
InitP10NIntCong; 4
= Z (SPREGMin10R},

TEORREGy
+ SPREGMin30R},)

+ z (SPREGMax10R},
TEORREGq
+ SPREGMax30R},)

11.4.2.3 The real-time calculation engine shall calculate initial /ocational
marginal prices, and its components for Pass 1 at /intertie zone bus
de Dininterval i€ I for each class of operating reserve as follows:

11.4.2.3.1 If the intertie is import congested in pre-dispatch
(P30RExtCongt] < 0 or PLONExtCong’7 < 0), then the

prices and components are determined in accordance
with section 0;

11.4.2.3.2 If the intertie is not import congestion in pre-dispatch
(P30RExtCong}i = 0 or PIONExtCongly >0 ) or if an
intertie zone is out-of-service, then the prices and

components are determined in accordance with section
0.

11.4.2.4 The real-time calculation engine shall calculate an initial /ocational
marginal price and an external congestion component for the /ntertie
congestion price for each class of ogperating reserve for Pass 1 at
intertie zone bus de D in interval i€ I as follows:

InitExtL30RP}; = min(InitIntL30RP}, ExtL30RP}));
and
InitP30RExtCong}, = InitExtL30RP}; — InitIntL30RP},.
InitExtL10NP}; = min(InitIntL1ONP},, ExtL10NP/?);
and
InitP10NExtCongly = InitExtL10NP}; — InitIntL10NP},.
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11.4.2.5 The real-time calculation engine shall calculate an initial /ocational
marginal price and an external congestion component for the /ntertie
congestion price for each class of operating reserve for Pass 1 at
Intertie zone bus de D in interval ;€ 7 as follows:
InitExtL30RP}; = InitIntL30RP};
and
InitP30RExtCong}y = 0.
InitExtL10NP}; = InitIntL10NP};
and
InitP10NExtCongly = 0.

11.4.2.6 If the initial /ocational marginal price (InitExtLj’ORH;ﬂ,) is not within the
settlement bounds (ORPrcFIr, ORPrcCeil), then the real-time
calculation engine shall modify the /ocational marginal price, the
locational marginal price at the reference bus, and the congestion
components for thirty-minute operating reserve as follows:

IntL30R = InitP30RRef;" + InitP30RIntCong},

If InitP30RRef;! > ORPrcCeil ,set P30RRef;! = ORPrcCeil;
If InitP30RRef;'! < ORPrcFlr,set P30RRef;! = ORPrcFlr;
Otherwise, set P30RRef! = InitP30RRef};
Set P30RIntCong}, = ExtL30RP}, — P30RRef};
If InitExtL30RP};, > ORPrcCeil ,set ExtL30RP}, = ORPrcCeil;
If InitExtL30RP;, < ORPrcFlr,set ExtL30RP;;, = ORPrcFlr;
Otherwise, ExtL30RP},, = InitExtL30RP},; and

Set P30RExtCong}, = ExtL30RP}, — P30RRef;' — P30RIntCong},

11.4.2.7 If the initial /ocational marginal price (InitExtL1 ONF;;{,) is not within
the settlement bounds (ORPrcFir, ORPrcCeil), then the real-time
calculation engine shall modify the /locational marginal price, the
locational marginal price at the reference bus, and the congestion
components for ten-minute operating reserve as follows:

IntL10N = [nitP10NRef;* + InitP10NIntCong},
If InitP10NRef;' > ORPrcCeil ,set PLONRef;' = ORPrcCeil;
If InitP10NRef;' < ORPrcFlr,set PIONRef* = ORPrcFlr;
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11.5

11.5.1

11.5.2

Otherwise, P10NRef! = InitP10NRef?; and

Set P10NIntCongi, = L10NP}, — P1ONRef;"

If InitExtL10NP;}, > ORPrcCeil ,set ExtL10NP}, = ORPrcCeil;

If InitExtL10NP, < ORPrcFlr,set ExtL10NP}, = ORPrcFlr;
Otherwise, ExtL30RP}, = InitExtL10NP},; and

Set PIONExtCong;, = ExtL10NP}, — P10ONRef;' — P10NIntCong;,

11.4.2.8 The /locational marginal price calculated by the real-time calculation
engine shall be the same for all boundary entity resource buses at the
same intertie zone. Reserve imports associated with the same
boundary entity resource bus, but specified as ocurring at a different
Intertie zone, subject to phase shifter operation, shall be modelled as
flowing across independent paths. Pricing of these reserve imports
shall utilize shadow prices associated with /intertie limits and regional
minimum and maximum operating reserve requirements applicable to
the path associated to the relevant /ntertie zone.

Pricing for Islanded Nodes

For norquick start resources that are not connected to the main island, the real-
time calculation engine shall use the following reconnection logic where enabled
by the Z/ESOin the order set out below to calculate the /ocational marginal prices
for energy.

11.5.1.1 Determine the connection paths over open switches that connect the
non-quick start resource to the main island.

11.5.1.2 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; and

11.5.1.3 Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.

For all (i) resources other than those specified in section 0 not connected to the
main island; (ii) non-quick start resources where a price was not able to be
determined in accordance with section 0; the rea/-time calculation engine shall
use the following logic in the order set out below to calculate /ocational marginal
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prices for energy, using a node-level and 7acility~level substitution list determined
by the IESO:

11.5.2.1 Use the /locational marginal price for energy at a node in the node-
level substitution list where defined and enabled by the JESO,
provided such node is connected to the main island:

11.5.2.2 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes at the same voltage level within the
same facility that are connected to the main island:

11.5.2.3 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes within the same 7acility that are
connected to the main island:

11.5.2.4 If no such nodes are identified, use the average /locational marginal
price for energy of all nodes from another 7acility that is connected to
the main island, as determined by the facility~level substitution list
where defined and enabled by the JESO; and

11.5.2.5 If a price is unable to be determined in accordance with sections 0
through 0, use the /locational marginal price for energy for the
reference bus.
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Appendix 7.7 — Radial Intertie Transactions

1.1 Applicable Configurations

1.1.1 An electricity generation resource associated with a generation facility that is
connected electrically over a radial intertie to a neighbouring control area may
only provide electricity or any physical service for delivery out of the /integrated
power system if it is, with the approval of the JESO, operating such generation
resource in a segregated mode of operation.

1.2 Dispatch Data

1.2.1 A market participant that intends for a generation resource to operate in a
segregated mode of operation shall maintain dispatch data that was submitted
for that generation resource for each dispatch hour during which a generation
resource will or is intended to operate in segregated mode of operation. The
market participant may revise the applicable dispatch datain accordance with
the timelines for submission of revised dispatch data specified in MR Ch.7 ss.3.2
and 3.3.

1.2.2 Notwithstanding the provisions of MR Ch.7 s.3.3, if the IESO:
1.2.2.1 denies a Request for Segregation; or

1.2.2.2 revokes its approval to operate a generation resource in a
segregated mode of operation or terminates the operation of a
generation resource in a segregated mode of operation in
accordance with section 1.3.6,

the 7ESO shall permit new or revised dispatch data to be submitted to the
IESO in respect of the generation resource for the dispatch hours to
which such denied request pertains.
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1.3

1.3.1

1.3.2

1.3.3

1.3.4

Scheduling & Scheduling Approval

A registered market participant shall, within the time required by section 1.3.3,
submit a Request for Segregation to the IESO for approval to operate its
generation resource in a segregated mode of operation and shall submit an
outage request, in accordance with the provisions specified in MR Ch.5 s.6.4 and
the applicable market manual, to the IESO for the generation resources intended
to operate in a segregated mode of operation. The registered market participant
shall make such a Request for Segregation in accordance with the applicable
market manual and the information contained in such Request for Segregation
shall include, but not be limited to:

1.3.1.1 the time at which operation in a segregated mode of operation
is intended to commence;

1.3.1.2 the length of time that the applicable generation resources are
intended to operate in a segregated mode of operation; and

1.3.1.3 a list of the generation resources that are intended to operate
in a segregated mode of operation.

If a registered market participant wishes to revise the contents of a Request for
Segregation it shall submit a new Request for Segregation and shall submit a
new outage request to the JESO in accordance with section 1.3.1.

If a Request for Segregation requires an outage to equipment that the /ESO has
designated as critical in accordance with the applicable market manual, the
request shall be made by 8:00 EPT on the day prior to the relevant dispatch aay,
unless otherwise agreed by the IESO. If a Request for Segregation does not
require an outage to such equipment, the registered market participant shall
make the Request for Segregation by 9:00 EPT on the day prior to the relevant
dispatch day for inclusion in the day-ahead market or no later than two hours
prior to the start of the first dispatch hour to which the request pertains for
inclusion in the real-time market. When the Request for Segregation is for the
operation of a generation resource in a segregated mode of operation for more
than one day the JESO may approve such operation for up to two business days.

The IESO shall make a decision regarding a Request for Segregation prior to the
run of the day-ahead market calculation engine if the request is submitted on the
day prior to the relevant dispatch day by 8:00 EPT or 9:00 EPT as applicable, in
accordance with section 1.3.3. The JESO shall make a decision regarding a
Request for Segregation submitted after 9:00 EPT on the agay prior to the
relevant dispatch day as soon as practicable but no later than such time that
allows the transmitter, referred to in section 1.3.5, a minimum of 90 minutes or
such lesser time as agreed to by the fransmitter to switch any applicable
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1.3.5

1.3.6

equipment or facilities required to permit implementation of the segregated
mode of operation prior to the time set out in section 1.3.1.1, and shall notify the
registered market participant of such decision. The JESO:

1.3.4.1 shall deny such Request for Segregation if:

a. such Request for Segregation pertains to a generation
resource located in the province of Ontario and would
threaten the reliability of the IESO-controlled grid, or

b. the metering installation for the generation resource to
which such Request for Segregation relates does not comply
with MR Ch. 6 s.4.1A.1; or

C. such Request for Segregation pertains to a generation
resource located outside the province of Ontario and would
threaten the security of the IESO-controlled grid, and

1.3.4.2 may deny such Request for Segregation if the metered market
participant for the metering installation for the generation
resource to which such Request for Segregation relates has
previously failed to comply with MR Ch.6 App.6.1 s.1.2.1.7 for
a period in which such generation resource operated in a
segregated mode of operation.

If the JESO approves a Request for Segregation, it shall direct the relevant
transmitter to:

1.3.5.1 switch any applicable equipment or facilities required to permit
implementation of the segregated mode of operation at the
time referred to in section 1.3.1.1;

1.3.5.2 switch any applicable equipment or 7acilities required to cease
implementation of the segregated mode of operation at the
expiry of the time referred to in section 1.3.1.2.

The JESO may at any time revoke its approval to operate a generation resource
in @ segregated mode of operation or terminate the operation of a generation
resource in a segregated mode of operation, as the case may be, for the reason
described in section 1.3.4.1(b), where the metered market participant is failing to
comply with MR Ch.6 App.6.1 s. 1.2.1.7 in respect of the metering installation for
such generation resource or where, in the JESO’s opinion, such approval or such
continued operation would threaten the reliability of a local area which forms
part of the JESO-controlled grid or the security of the /integrated power system,
and shall notify the registered market participant accordingly. Where the /ESO
intends to revoke its approval to operate a generation resource in a segregated
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mode of operation, it shall revoke any direction issued pursuant to section 1.3.5.
Where the JESO intends to terminate such operation, the JESO shall direct the
relevant transmitter to switch any applicable equipment or facilities required to
cease implementation of the segregated mode of operation. Where the IESO
revokes its approval to operate a generation resource in a segregated mode of
operation or terminates the operation of a generation resource in a segregated
mode of operation, as the case may be, the registered market participant for
that generation resource shall not be entitled to compensation for any costs,
losses or damages from the /ESO for such revocation or termination.

1.3.7 The JESO shall coordinate and confirm with the applicable control area operator:

1.3.7.1 the switching to be effected by the relevant transmitter in
accordance with section 1.3.5 or 1.3.6; and

1.3.7.2 the names of the generation resources that will operate in a
segregated mode of operation.

1.3.8 The IESO shall not issue dispatch instructions to a generation resource in respect
of any dispatch hour during which such generation resource is operating in a
segregated mode of operation. All instructions relating to dispatch for the
generation resource while operating in a segregated mode of operation shall be
sent directly by the applicable control area operator to the registered market
participant.

1.3.9 A registered market participant may only cancel or revise a Request for
Segregation that requires an outage to equipment that the JESO has designated
as critical, in accordance with the applicable market manual, after 8:00 EPT on
the day prior to the relevant dispatch day if operating its generation resource in
a segregated mode of operation would endanger the safety of any person,
damage equipment, or violate any applicable law.

1.3.10 A registered market participant may cancel a Request for Segregation that does
not require an outage to equipment that the JESO has designated as critical, in
accordance with the applicable market manual, at any time.

1.3.11 A registered market participant that cancels a Request for Segregation pursuant
to sections 1.3.9 and 1.3.10 shall cancel the outage request associated with the
Request for Segregation for its generation resource.

14 Settlements

1.4.1 The delivery of electricity or a physical service by a generation resource while
operating in a segregated mode of operation shall be excluded from the JESO’s
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settlement process and in no event shall the JESO be required to effect payment
in respect of any electricity or physical service so delivered.

1.4.2 Notwithstanding section 1.4.1, a registered market participant that operates a
generation resource in a segregated mode of operation shall submit such
scheduling information to the /ESO as may be necessary to enable the JESO to
determine the amounts payable by the registered market participant for export
transmission service related to such operation.

1.4.3 Any costs incurred by a transmitterin complying with a direction issued pursuant
to section 1.3.5 or 1.3.6 shall be borne by the registered market participant or
the transmitter in the manner specified in their connection agreement.

1.4.4 The registered market participant shall be solely liable in respect of any positive
or negative inadvertent accumulated while its generation resources are operating
in the segregated mode of operation.
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Appendix 7.8 — Economic Operating Point

1. Introduction
1.1 Purpose
1.1.1 This appendix describes the processes used to determine the economic operating

points for lost cost in the day-ahead market and real-time market, and for lost
opportunity in the real-time market.

2. Day-Ahead Market Lost Cost Economic Operating
Point

2.1 Purpose

2.1.1 This section describes the process used to determine the lost cost economic

operating point for eligible resources in the day-ahead market (DAM LC EOP).
2.2 Sets, Indices and Parameters used in the DAM LC EOP Calculation

Fundamental Sets and Indices

2.2.1 A designates the set of all /ntertie zones;

2.2.2 B designates the set of buses identifying all dispatchable and non-dispatchable
resources within Ontario;

2.2.3 BP¢c B designates the set of buses identifying dispatchable generation
resources;

2.2.4 BPLc B designates the set of buses identifying dispatchable loads,

2.2.5 B1EC BPG¢ designates the subset of buses identifying dispatchable hydroelectric
generation resources;

2.2.6 BYEc BHE designates the subset of buses identifying dispatchable hydroelectric
generation resources in set s € SHE;

2.2.7 D designates the set of buses outside Ontario, corresponding to imports and
exports in /ntertie zones;

2.2.8 D, c D designates the set of all buses identifying bounaary entity resources in
intertie zone a € A;
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2.2.9

2.2.10

2.2.11

2.2.12

2.2.13

2.2.14

2.2.15

2.2.16

2.2.17

2.2.18

2.2.19

2.2.20

2.2.21

2.2.22

2.2.23

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

DI, c D, designates the subset of /ntertie zone buses identifying boundary entity
resources that correspond to import offersin intertie zone a € A;

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

DX, < D, designates the subset of /intertie zone buses identifying boundary
entity resources that correspond to export bids in intertie zone a € A;

],f ,, designates the set of bid laminations for energy at bus b € BPL u DX for hour
he{l,..24}

/},}‘}f designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € BPL for hour A€ {1,..,24};

/iy designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BPL u DX for hour h € {1,..,24};

,,,(},R designates the set of offer laminations for thirty-minute operating reserve at
b € BPL u DX for hour A€ {1,..,24};

Ky, designates the set of offer laminations for energy at bus b€ Bu DI for hour
he{l,..,24};

Ky designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € BP¢ u DI for hour h € {1, ..,24};

K35 designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BP¢ u DI for hour h € {1, ..,24};

39X designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B¢ u DI for hour h € {1, ..,24};

#(BHE) designates the set of all subsets of the set BYE;

BiY € (B ) designates the set of buses identifying all upstream dispatchable

hydroelectric generation resources with a linked forebay;

BHE ¢ (BMF) designates the set of buses identifying all downstream
dispatchable hydroelectric generation resources with a linked forebay;
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Market Participant Data Parameters

2.2.24

2.2.25

With respect to all resources:

2.2.24.1 Deratey ) designates the maximum amount of energy and operating
reserve that can be scheduled for a resourcein a dispatch hour
hed{l, .., 24}.

With respect to a dispatchable generation resource identified by bus b € B?¢;
2.2.25.1 MinQDG, designates the minimum loading point,

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

2.2.25.3  PDG,, designates the price for the maximum incremental quantity of
energy for hour h € {1,..,24} in association with offer lamination

k € KE,b;

2.2.25.4 P10SDGyy, designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve for hour h €

{1,..,24} in association with offer lamination k € Kﬁ?gc‘;

2.2.25.4 P1ONDG},; , designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve for hour

h € {1,..,24} in association with offer lamination k € K} % ;

2.2.25.6  P30RDG,,;; designates the price for the maximum incremental
quantity of thirty-minute operating reserve for hour h € {1,..,24} in

association with offerlamination k € Kﬁf’tf;

2.2.25.7 QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled for hour h €
{1,..,24} in association with offerlamination k € KE,b;

2.2.25.8 Q105DG},,, designates the maximum incremental quantity of

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

association with offer lamination k € Kpb;

2.2.25.9 Q10NDG,,;, designates the maximum incremental quantity of non-

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

association with offer lamination k € Kﬁ%\' ;
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2.2.25.10 @30RDG}, ;. designates the maximum incremental quantity of thirty-
minute operating reserve for hour h € {1, ..,24} in association with

offer lamination k € Kﬁ?bR;

2.2.25.11 RLP10S,, designates the reserve loading point for synchronized ten-
minute operating reserve for hour h € {1,..,24} ;

2.2.25.12 RLP30R;, designates the reserve loading point for thirty-minute
operating reserve for hour h € {1,..,24}; and

2.2.25.13 QDLFIRM,, designates the quantity of energy that is bid at the
maximum market clearing price in hourh € {1, ..,24};

2.2.26 With respect to a dispatchable hydroelectric generation resource identified by
bus b€ BHE:

2.2.26.1 ForL,;, ForU,; shall designate the lower and upper limits,
respectively, of the resource’s forbidden regions indicating that the
resource cannot be scheduled between ForLb,iand ForU,; for all i €

{1: ] NForb};

2.2.26.2  MaxStartsHE,, designates the maximum number of starts per day for
the resource;

2.2.26.3 MaxDEL, designates the maximum daily energy limit for a single
resource with or without a /inked forebay;

2.2.26.4 MinDFEL, designates the minimum daily energy limit for a single
resource with or without a /inked forebay;

2.2.26.5 MinHMR, ) designates the hourly must-run quantity for the resource
for hour A € {1,..,24};

2.2.26.6  MinHO,, designates the minimum hourly output quantity for the
resource for hour A€ {1,..,24}; and

2.2.26.7  StartMW,,, for i€{1, .., NStartMW,} designates the start indication
value for measuring maximum number of starts per day,

2.2.27 With respect to dispatchable hydroelectric generation resources with a linked
forebay:.

2.2.27.1 MaxSDEL, designates the maximum daily energy limit shared by all
dispatchable hydroelectric generation resources in set s € SHE; and
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2.2.27.2 MinSDEL, designates the minimum daily energy limit shared by all
dispatchable hydroelectric generation resources in set s € SHE;

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

2.2.28.1 LNK< Bl x BljY designates the set of linked dispatchable
hydroelectric generation resources, where LNK is a set with elements
of the form (by, b,) and b; € B and b, € Bf};

2.2.29 With respect to a pseudo-unit identified by bus b€ B>V

2.2.29.1 (CTShareMLP, designates the combustion turbine share of the
minimum loading point region;

2.2.29.2  (CTShareDR, designates the combustion turbine share of the
dispatchable region;

2.2.29.3 STShareMLP, designates the steam turbine share of the minimum
loading point region; and

2.2.29.4 STShareDR, designates the steam turbine share of the dispatchable
region;

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

2.2.30.1 PDLy); designates the price for the maximum incremental quantity
of energy for hour 4 € {1,..,24} in association with bid lamination j €
]}Iib;

2.2.30.2  P10SDLy, ), ; designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve for hour h €
{1,..,24} in association with offer lamination j € J1%’;

2.2.30.3 P10NDLy, ; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve for hour
he€{1,..,24} in association with offer lamination j € Jz5";

2.2.30.4 P30RDLy, ; designates the price for the maximum incremental

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

association with offer lamination j € J3%F;

2.2.30.5 QDL shall designate the maximum bid quantity for energy at b €
BPL for hour A € {1,..,24} in association with bid lamination j € J,ib;
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2.2.31

2.2.30.6

2.2.30.7

2.2.30.8

2.2.30.9

QDLFIRM, ;, designates the quantity of energy that is bid at the
maximum market clearing price at b € BP for hour s € {1,..,2};

Q10SDLy ; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled for
hour 4 € {1,..,24} in association with offer lamination j e J%f’f;

Q10NDLy,, designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled for

hour 4 € {1,..,24} in association with offer lamination j € J%%v; and

Q30RDL; ;, designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled for hour 4 €
{1,..,24} in association with offer lamination j e hf’R;

With respect to a boundary entity resource import from intertie zone bus de€ DI,
where the /ocational marginal price represents the price at the /intertie metering

point.

2.2.31.1

2.2.31.2

2.2.31.3

2.2.31.4

2.2.31.5

2.2.31.6

PIGy, 4 designates the price for the maximum incremental quantity of
energy that may be scheduled to import in hour h € {1,..,24}in
association with offer lamination k € Ky, ;

P10NIGp, 4 designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve for hour
h € {1,..,24} in association with offer lamination k € K;%";

P30RIGp, 4 designates the price for the maximum incremental
quantity of thirty-minute operating reserve for hour h € {1,..,24} in
association with offer lamination k € K;%%;

QIGy 4, designates the maximum incremental quantity of energy for
hour h € {1, ..,24} that may be scheduled in association with offer
lamination k € K} ;;

Q10NIGp, 4 designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled for
hour h € {1,..,24} in association with offer lamination k € K;%";

Q30RIGp, 4 designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled for hour h €
{1,..,24} in association with offer lamination k € K3%%;
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2.2.32 With respect to a boundary entity resource export at intertie zone bus de€ DX,
where the /ocational marginal price represents the price at the /intertie metering
point;

2.2.32.1 PXLy,4; designates the price for the maximum incremental quantity of
energy that may be scheduled to export in hour 4 € {1,..,24} in
association with bid lamination j € ],’i ar

2.2.32.2 P10NXLy, ; designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in hour
he{1,..,24} in association with offer lamination j € J1%";

2.2.32.3 P30RXLy 4 ; designates the price for the maximum incremental
quantity of thirty-minute operating reservein hour A€ {1,..,24} in
association with offer lamination j € J3%%;

2.2.32.4 QXLygq,; designates the maximum quantity of energy for hour A €
{1,..,24} may be scheduled in association with bid lamination j € J£ ;;

2.2.32.5 Q10NXLyq4; designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled for
hour 4 € {1,..,24} in association with offer lamination j € J3%";

2.2.32.6  Q30RXLy 4 ; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled for hour 4 €
{1,..,24} in association with offerlamination j € J3%%;

IESO Data Parameters

2.2.33 ASDGy , designates the amount of energy that a dispatchable generation
resource is scheduled to provide by the day-ahead market calculation engine at
bus b for hour h€ {1,..,24};

2.2.34 COMCYCMW, , designates the MWh constraint placed onto a resource that is not
modelled as a pseudo unit at bus b for hour h€ {1,.., 24} to reflect that
resource’s energy capability in combined cycle mode;

2.2.35 ExtLMi}fd designates the /ocational marginal price for energy for hour

he{l,..,24} as determined by Pass 3 of the day-ahead market calculation
engine for intertie zone bus d € D;

2.2.36 ExtLlON}}fd designates the /locational marginal price for non-synchronized ten-

minute operating reserve for the dispatch hour he {1, .., 24} as calculated by
Pass 3 of the day-ahead market calculation engine for intertie zone bus d € b,
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2.2.37

2.2.38

2.2.39

2.2.40

2.2.41

2.2.42

2.2.43

2.2.44

2.2.47

2.2.48

2.2.49

ExtLSORef 4 designates the /ocational marginal price for thirty-minute operating
reserve for the dispatch hour he {1, .., 24} as calculated by Pass 3 of the day-
ahead market calculation engine for intertie zone bus d € D;

FG,,;, designates the JESO's centralized variable generation forecast for a variable
generation resource identified by bus b€ B for hour A€ {1,.,24};

GridConnectedy , designates whether the resourceis connected to the /ESO-
controlled grid at bus b for hour A€ {1,..,24};

IHEy, 5, i, designates whether the dispatchable hydroelectric generation resource
at bus b € B registered a start between hours (h — 1) and A€ {1,..,24} as a
result of its schedule increasing from below StartMW},; to at or above StartMW,,
for ie{1, .. NStartMW,};

LMP,I% , designates the /ocational marginal price for energy for hour A€ {1,.., 24}
as determined by Pass 3 of the day-ahead market calculation engine;

Llosﬂfb designates the /ocational marginal price for synchronized ten-minute

operating reserve for hour h€ {1,.., 24} as determined by Pass 3 of the day-
ahead market calculation engine;

L10Nf;fb designates the /ocational marginal price for non-synchronized ten-
minute operating reserve for hour he {1, .., 24} as determined by Pass 3 of
the day-ahead market calculation engine;

L30R}}f , designates the /ocational marginal price for thirty-minute operating
reserve for hour h € {1, . ., 24} as determined by Pass 3 of the day-ahead
market calculation engine,

REGULATIONMW,, ,, designates the MWh constraint placed onto a resource at
bus b for hour h € {1,..,24} for regulation;

SHE designates the set indexing the sets of dispatchable hydroelectric
generation resources With a maximum daily energy limit or a minimum daily
energy limit or both for a /inked forebay;, and

SEALMW, , designates the MWh constraint placed onto a resource at bus b for
hour A€ {1, .., 24} for actions taken to ensure the safety of any person, prevent
the damage of equipment, or prevent the violation of any applicable law;
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Constraint Violation Variables

2.2.50 SLdVioly,; designates the violation variable associated with segment
i € {1,..,Nyayio,} Of the penalty curve for the energy balance constraint allowing
under-generation;

2.2.51 SGenViol, ; designates the violation variable associated with segment
i € {1,..,Ngenviol,} Of the penalty curve for the energy balance constraint
allowing over-generation;

2.2.52 S10SVioly,; designates the violation variable associated with segment
i € {1,..,Mosvie,} Of the penalty curve for the synchronized ten-minute
operating reserve requirement;

2.2.53 S10RViol,; designates the violation variable associated with segment
i € {1,..,Niorvio,} Of the penalty curve for the total ten-minute operating
reserve requirement;

2.2.54 S30RViol,; designates the violation variable associated with segment
i € {1,.., N3oryip,} OF the penalty curve for the thirty-minute operating reserve
requirement and, when applicable, the flexibility operating reserve requirement;

2.2.55 SREG10RYViol, , ; designates the violation variable associated with segment
i € {1,.., Nreciorvios,} Of the penalty curve for violating the area total ten-minute
operating reserve minimum requirement in region r € ORREG;,

2.2.56 SREG30RViol,, ; designates the violation variable associated with segment
i € {1,.., Nregsorvios,} Of the penalty curve for violating the area thirty-minute
operating reserve minimum requirement in region r € ORREG;,

2.2.57 SXREG10RYViol,; designates the violation variable associated with segment
1 € {1,.., Nxggcrorviol,} Of the penalty curve for violating the area total ten-
minute operating reserve maximum restriction in region r € ORREG;

2.2.58 SXREG30RViol,, ; designates the violation variable associated with segment
i € {1,.., Nxgecsorvio,} Of the penalty curve for violating the area thirty-minute
operating reserve maximum restriction in region r € ORREG,

2.2.59 SPrelTLViolg;, ; designates the violation variable associated with segment
i € {1,.., Nererroviony,} Of the penalty curve for violating the pre-contingency
transmission limit for facility fe F,
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2.2.60

2.2.61

2.2.62

2.2.63

2.2.64

2.2.65

2.2.66

2.2.67

2.2.68

2.2.69

SITLViol, ¢, ; designates the violation variable associated with segment
i € {1,.., Nivior,,,} Of the penalty curve for violating the post-contingency
transmission limit for facility fe Fand contingency ce C;

SPreXTLViol,, ; designates the violation variable associated with segment
i € {1,.., Nprextyvion, ,} Of the penalty curve for violating the import/export limit
associated with /intertie limit constraint ze Zg;

SNIUVioly; designates the violation variable associated with segment
i € {1,.., Nyuioy,} OF the penalty curve for exceeding the net interchange
increase limit between hours (h — 1) and h;

SNIDVioly, ; designates the violation variable associated with segment
i € {1,.., Nyprios,} Of the penalty curve for exceeding the net interchange
decrease limit between hours (h — 1) and h;

SMaxDelVioly, ;, ; designates the violation variable associated with segment
i € {1,.., Nyaxpevion,} Of the penalty curve for exceeding the maximum daily
energy limit constraint for a resource at bus b€ BLR;

SMinDelVioly ,; designates the violation variable associated with segment
1 € {1,.., Nyinpervior,} Of the penalty curve for violating the minimum daily energy
limit constraint for a resource at bus b € B";

SSMaxDelViol, . ; designates the violation variable associated with segment

i € {1,.., Ngyaxpevioy,} Of the penalty curve for exceeding the shared maximum
daily energy limit constraint for dispatchable hydroelectric generation resources
in set s € SHE;

SSMinDelViol, ;; designates the violation variable associated with segment

i € {1,.., Noympevios,} Of the penalty curve for violating the shared minimum
daily energy limit constraint for dispatchable hydroelectric generation resources
in set s € SHE;

SOGenLnkVioly, 1), designates the violation variable associated with segment
i € {1,.., NogenLnkvios,} Of the penalty curve for violating the /inked forebay
constraint for dispatchable hydroelectric generation resources by over-generating

the downstream resource, for (by,b,) € LNK such that b, € Bjx and b, € BHE: and

SUGenLnkViolyp, 1), designates the violation variable associated with segment
i € {1,.., Nygeninkvios,} OF the penalty curve for violating the /inked forebay
constraint for dispatchable hydroelectric generation resources by under-
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generating the downstream resource, for (by,b,) € LNK such that b, € B/} and
b, € BIE,

2.3 Objective Functions

2.3.1 The objective functions for the DAM LC EOP calculation shall solve for the
following variables:

2.3.1.1 ESDG} 1, Which designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B°° for hour
he{1,..,24} in association with offer lamination k € k‘,f/b;

2.3.1.2  ES108DGy, 4, Which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus € B°° for hour 4 € {1,..,24} in
association with offer lamination € K5,

2.3.1.3 ES10NDG},,,, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B°° for hour A € {1,..,24} in
association with offer lamination k € /(,1,%";

2.3.1.4  ES30RDG,, Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € B°° for hour A € {1,..,24} in association with offer
lamination & € k?l%?;

2.3.1.5  ESIGp 4 Which designates the amount of energy that a boundary
entity resource is scheduled to import from intertie zone bus d € DI
for hour 4 € {1,..,24} in association with offer lamination k € K ;;

2.3.1.6  ES10NIGp 4 Which designates the amount of non-synchronized ten-
minute operating reserve that an import boundary entity resource is
scheduled to provide from intertie zone bus d € DI for hour h €
{1, ..,24} in association with offer lamination k € K} 4;

2.3.1.7  ES30RIGy 4, Which designates the amount of thirty-minute operating
reserve that an import boundary entity resource is scheduled to
provide at bus d € DI for hour A € {1,..,24} in association with offer
lamination k € K} ;;
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2.3.1.8

2.3.1.9

2.3.1.10

2.3.1.11

2.3.1.12

2.3.1.13

2.3.1.14

ESDL, ,;, which designates the amount of energy that a dispatchable

load is scheduled to consume at bus 4 € B for hour 4 € {1,..,24}in
association with bid lamination j € Jj ;

ES108DLy, 5, ;, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € B for hour A € {1,..,24} in association with offer
lamination j € J},?f;

ES10NDLy j, ;, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable loadis scheduled to
provide at bus b € B for hour A4 € {1,..,24} in association with offer
lamination j € J%%V;

ES30RDL, ;,;, which designates the amount of tAirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b €
B”* for hour i € {1,..,24} in association with offerlamination j € h?[f;

ESXLy 45 Which designates the amount of energy a boundary entity
resource is scheduled to export at /ntertie zone at bus d € DX for
hour 4 € {1,..,24} in association with b/id lamination k € Kf,d;

ES10NXLj 45 Which designates the amount of non-synchronized ten-
minute operating reserve that an export boundary entity resource is
scheduled to provide at /ntertie zone bus d € DX for hour h €
{1,..,24} in association with offer lamination k € K;. ;;

ES30RXLj 4 Which designates the amount of thirty-minute operating
reserve that an export boundary entity resource is scheduled to
provide at /intertie zonebus d € DX for hour A€ {1,..,24} in
association with offer lamination k € K, ;;
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2.3.2 For each of the following resource types, the objective function for determining a
DAM LC EOP shall maximize the value of the following expressions:

2.3.2.1 For dispatchable generation resources.

0bjSDG), = Z ESDGpp - (iMp}a,b— PDGp b )

keKE,

0bj10SDG), = Z ES10SDGyp . - (L10SF, — P10SDGyp )

108
KEKLS

Obj10NDG), = z ES10NDGy - (LIONB], — PIONDGy 1, 1)

10N
KeEK})

Obj30RDG, = Z ES30RDGyp . - (L30RB], — P30RDG i)

keKZIR
2.3.2.2  For dispatchable loads:

ObjSDLy, = Z ESDLyy, - (PDLyy,j — LMPg), )

J€IE,

0bj10SDL;, = Z ES10SDLyy, - (L10SB], — P10SDLyy, ;)

: 108
JEIhn

0bj10NDL), = z ES10NDLyy, j - (L10ONB], — P1ONDLyp, ;)

JEISN

Obj30RDLy, = z ES30RDLyy, ; - (L30RE], — P30RDLy ), ;)

fefﬁf’bR

2.3.2.3  For import transactions associated with boundary entity resources:
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ObjSIG), = Z ESIGnay - (ExtLMB] ;— PIGpq)

E
kEK}, 4

Obj10NIG, = Z ES10NIGy gy - (ExtLIONB] ;— P1ONIG g )

10N
k€Kh,a

Obj30RIG), = Z ES30RIGq - (ExtL30RB];— P30RIGpq )

keKoR
2.3.2.4  For export transactions associated with boundary entity resources

ObjSXLh = Z ESXLh'dJ : (PXLthJ‘ - EXtLMPl.Ed)

JEIE
Obj10NXL), = Z ES10NXLpq j - (EXtL1IONRSy — PLONXLyq ;)
JEIRY
Obj30RXL), = Z ES30RXLpq ; - (ExtL30RPy4 — P30RXLy 4 ;)
JEIRSE
2.4 Constraints
2.4.1 The constraints described in this section 2.4 shall apply to the objective functions

used for the DAM LC EOP calculation.

Scheduling Variable Bounds

2.4.2 No DAM LC EOP shall be negative, nor shall any DAM LC EOP exceed the offer or
bid quantity for energy or the offer quantity for operating reserve. Therefore, for
all hours A€ {1,..,24}:
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2.4.3

2.4.4

0 < ESDLy),; < QDLy), ;

0 < ES10SDLy,, j < Q10SDLy, ), ;
0 < ES10NDLy,, ; < Q1ONDLy, , ;
0 < ES30RDLy, ; < Q30RDLy, ), ;
0 < ESDGpp i < QDGpp i

0 < ES10SDGy, 1, < Q10SDGy, 1
0 < ES10NDGy, s < QLONDG, 1,
0 < ES30RDGp 1, < Q30RDG ), 1
0 < ESXLpg,; < QXLpa

0 < ES10NXLy 4 ; < Q1ONXLy, 4
0 < ES30RXLy 4; < Q30RXLy 4
0 < ESIGhax < QIGhax

0 < ES10NIGp gx < Q1ONIGp g
0 < ES30RIGp g1 < Q30RIGy 4

for all b € BPL,j € JE,;
for all b € BPL,j € J195;
for all b € BPL,j € JA9V;
for all b € BPL,j € J3%F;
for all b € BPS, k € Kf,,;
for all b € B¢,k € K,\%°;
for all b € BP, k € K%Y,
for all b € BPS, k € K%,
forall b € DX,j € J 4;
for all b € DX, j € Ji%;
for all b € DX, j € 3%,
forall b € DI,k € K£,;
for all b € DI,k € K}%;

for all b € DI,k € K;3°F;

For a dispatchable load, its DAM LC EOP for each class of operating reserve shall

not exceed its DAM LC EOP for energy-

ES10SDLy ; < Z ESDLp

i~ 1E
108 jth,b

J€Inp

ES10NDLy, ; < Z ESDLyy;

N ic7E
10 }Ejh_b

jth,b

ES30RDLy),; < Z ESDLyp,j

30R ;1 E
J€Inp

J€lhp

For a dispatchable generation resource for a dispatch hour h € {1, ..,24}:

For all b € BVG:

Page 461 of 508

Issue 24.0 -December 1, 2021

IMO_FORM_1087v13.0
REV-21-06



VGForecasty, = { FGpp otherwise

For all b € BPC:

min( Z QDGy, i , Deratey, p, VGForecasty,

keKE,

min ( z QDG p e » Derateh.b)
kekE,

Z ESDGp . < AdjMaxDGy,

KEKE

AdjMaxDG), ), =

ESIOSDGh‘b‘k < AdeaxDGh‘b

kekp (S

ES10NDGy px < AdjMaxDGy ),
kek N

ES30RDG), ), < AdjMaxDGy, ),

kek;i9R

AFGp if provided

) if be BYE

otherwise

2.4.5 Subject to section 2.4.6, the DAM LC EOP for a resource that is a GOG-eligible
resource or has a primary fuel type of uranium shall be greater than or equal to

its minimum loading point.

Z ESDGpp, . = MinQDG,

KEKE,

2.4.6 For a resource that is a GOG-¢eligible resource or has a primary fuel type of
uranium and that is scheduled below its minimum loading point, its DAM LC EOP

shall be equal to its day-ahead schedule:
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If EkEKf,h ASDGy . < MinQDG, for b € BN?® then:

ESDGh,h’k = ASDGhb

keKE ,E

Constraints for Regulation Requirements

2.4.7 For a dispatchable generation resource, its DAM LC EOP for energy shall be
greater than or equal to any regulation constraint that is applied for hour
he{l,..,24} and bus b € BPC:

Z ESDGy i = REGULATIONMW,, ,

kekE,

2.4.8 For a dispatchable generation resource, its DAM LC EOP for energy and each
class of operating reserve shall not exceed the maximum available capacity the
resource has less the regulation constraint that is applied for hour A€ {1,.., 24}
and bus b € BP¢:

Z ESDGpp < AdjMaxDGy, — REGULATIONMW,, ,

KEKE ),

ES10SDGppx < AdjMaxDGpp, — REGULATIONMW), ;,
keKRS

ES10NDGy p x < AdjMaxDGy;, — REGULATIONMW,, ,
kekpoN

ES30RDGy, ), . < AdjMaxDGy, ,, — REGULATIONMW,, ,

30R
KEK}Y)

Constraints for Market Participant Requirements

2.4.9 For a dispatchable generation resource, its DAM LC EOP for energy shall be
greater than or equal to any minimum SEALMW, ,, constraint that is applied for

hour A€ {1,.., 24} and bus b€ BC:
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Z ESDGypc = SEALMW,, ,

E
kEKmb

2.4.10 For a dispatchable load, its DAM LC EOP for energy shall be greater than or
equal to any minimum SEALMW,, ,constraint that is applied and for each class of
operating reserve, the DAM LC EOP shall be less than or equal to the DAM LC
EOP for energy for that resource less any minimum SEALMW, , constraint that is
applied for hour 2€{1,..,24} and bus b€ BPL:

Z ESDLy,j = SEALMW), ),

jE]Eb

ES10SDLyp e < Z ESDLpp; — SEALMWy),

JEIRY JEIR )
Z ES1ONDLy ) < Z ESDLyp; — SEALMW)),
JEIRY J€Ikp

ES30RDLy . < Z ESDLyy; — SEALMW,),

JETRY: J€lhp

24.11 For a dispatchable generation resource, its DAM LC EOP for energy shall be less
than or equal to any maximum SEALMW, , constraint that is applied for hour

h€e({1,..,24} and bus b€ BPC:

Z ESDGyp ) < SEALMW,,

kekk,
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2.4.12

2.4.13

2.4.14

2.4.15

For a dispatchable load, its DAM LC EOP for energy shall be less than or equal to
any maximum SEALMW, ,constraint that is applied for hour 2 € {1, .., 24} and
bus b€ BPL:

Z ESDLyp, j < SEALMW,, ),
J Eff_ b
For a dispatchable generation resource, its DAM LC EOP for energy shall be equal

to any fixed SEALMW,, ,constraint that is applied for hour z2€ {1, .., 24} and bus
be BP¢:

Z ESDGh,b,k = SEALMWth

keKy,

For a dispatchable load, its DAM LC EOP for energy shall be equal to any fixed
SEALMW, ,constraint that is applied and equal to zero for each class of
operating reserve for hour A€ {1, .., 24} and bus b€ BPL:

Z ESDLy,, ; = SEALMW,,

-
J€Inp

ES10SDLy ;= 0

. 10S
J€Ihp

ES10NDLyy,; = 0

. oN
J€Thb

ES30RDLyy ;=0
i€y
For a dispatchable load, its DAM LC EOP for energy shall be greater than or

equal to the bid quantity for energy priced at the maximum market clearing
price.

Z ESDLyy,; > QDLFIRM,,

jefff_b
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2.4.16 For a dispatchable load, its DAM LC EOP for gperating reserve shall be less than
or equal its DAM LC EOP for energy less the bid quantity for energy priced at the
maximum market clearing price:

ES10SDLyp ; < Z ESDLyy; — QDLFIRMy, ),

108 }Ejfﬁz‘_b

jejh‘b

ES10NDL, ), ; < Z ESDLy,; — QDLFIRM,,

TON Py
JEIRp

JE€Ipp

Z ES30RDLy, ) ; < Z ESDLy,, j — QDLFIRMy,,

30R

JEInp J'eff[f,b

Constraints for Operating Reserve Ramping

2.4.18 For a dispatchable generation resource with RLP10Sy ; > 0, its DAM LC EOP for
ten-minute operating reserve shall be less than or equal to its reserve loading
point for ten-minute operating reserve for hour A€ {1, .., 24} and bus b€ B”“:

ES10SDGy 1

1
= ESDG N\ —=———— || min<{10- ORRDG,, Z 10SDG
(Z h,b,k) (RLPlOShb) ( }( b Q h,b,k})
E ' KEKADS

2.4.19 For a dispatchable generation resource with RLP30R;, ,, > 0, its DAM LC EOP for
thirty-minute operating reserve shall be less than or equal to its reserve loading
point for thirty-minute operating reserve for hour h€ {1, .., 24} and bus b€ B"C:

keKLSS

ES30RDGp b
kek; R
1

— | -[ min{30- ORRDG,, Z 30RDG
RLP30Rh,b) b ¢ h.bk

S Z ESDGh,ka * (
I(EKEI%R

E
kekf,

Constraints for Pseudo-Units

2.4.20 For a pseudo-unit, its DAM LC EOP for energy for the dispatchable region and
duct firing region shall be less than or equal to the respective maximum
capabilities for those regions for hour h € {1,.., 24} and bus b € BPSY:
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2.4.21

2.4.22

ESDGh,ka < M(,IXDRh,b

DR
kekp R

ESDGh,b,k < MGJCDFh’b

DF
kekPh

For a pseudo-unit, its DAM LC EOP for each class of operating reserve shall be
less than or equal to the sum of the maximum capabilities for its dispatchable
region and duct firing region for hour h € {1,.., 24} and bus b € BPSY:

ESlOSDGh'ka < MCIXDRh,b + MCIXDFh_b

108
keKy

ESlONDGh,b’k < MClXDRh,b + MGXDFh’b

kekAON

ESBORDGth'k < MaxDRh’b + M(IJCDFh,b

30R
KEKRY,

For a pseudo-unitthat cannot provide ten-minute operating reserve from its duct
firing region, the following constraint shall apply:

z ESDGyp . + Z ES10SDGy . + Z ES10NDG,, < MINQDG, + QDR

kekf ), kekp9s kekpON

Constraints for Resources with Linked Forebays

2.4.23

For all dispatchable hydroelectric generation resources with a linked forebay, the
DAM LC EOP for energy at the upstream resources in one hour shall result in a
proportional DAM LC EOP for energy at the downstream resources in the hour
determined by the time /ag.

For all dispatchable hydroelectric generation resources with a linked forebay
between upstream resources b, € Bf,’,‘;c and downstream resources b, € d,‘;c for
(by,5) € LNKand hours A€ {1, .., 24} such that A + Lagb1 b < 24:
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HE E ESDG = MWhRatio .
ZbZEBdn (ZREK’JZ"!""Lagbl,bz k.,htLagp, p,b2 by,by

2 elE (Zkexgbh ESDGk.h,bl)

2.5 Calculation of DAM LC EOP for Resources with a Linked Forebay Under Certain
Conditions

2.5.1 For dispatchable hydroelectric resources with a /inked forebay, the DAM LC EOP
shall be equal to the resource’s day-ahead schedule if the conditions in sections
2.4.24.1 and 2.4.24.2 are both satisfied:

2.4.24.1 The following constraint violation prices were non-binding in Pass 1 or
Pass 3 of the day-ahead market calculation engine run for any
dispatch hourin the dispatch day:

Zi:l:NMHXDE’J'Wth SMQXDBIVlOlh’b’i =0

SMinDelVioly;; = 0
i=1:Nyginper Violp,
Z SSMaxDelViol,5; = 0
{=1:NsMaxDelViol,
SSMinDelViol, ¢ ; = 0; or

Zi=1:NsMinDelViolh

Z SLdVl:Oih,i =0

1=1:Npaviol),

Page 468 of 508 Issue 24.0 -December 1, 2021 IMO_FORM_1087v13.0
REV-21-06



Z SGenViol,; =0

i=1:Ngen Viol),

S10SViol,; = 0

i=1:Mosviol,

S10RVioly,; = 0

i=1:Mogviol,

Z S30RVioly,; = 0

i=1: N30 gviol,

SREG10RViol,,; = 0

{=1:Ngegrorvion,

SREG30RViol,.,; = 0

1=1: Ngezo Rvioly,

SXREG10RViol,.,; = 0

i=1:NxreG1oRviol),

SXREG30RViol, ;= 0

i=1: Nxregso rvioly,

SPrelTLViolg,;= 0

i=1:Npresriviol,

Z SITLViol,z,; = 0

t=1:Nyr1viol, gy

SPreXTLViol,; = 0

{=1:Nprexriviol,

SNIUVioly,; = 0

i=1:Nypuviol,
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Z SNIDViol,; = 0

i=1:Nnipvioly,

Z SOGenLnkVioly 1 pzy: = 0

{=1:NgGenLnkViol,

Li=1:N UGenLnkViol

hSUGenLnkViolhl(bl,bz),i =0, and

2.4.24.2 At least one of the conditions set out in sections 2.4.24.2.1-2.4.24.2.4
is met:

2.4.24.2.1 At least one resource with a /inked forebay has a day-
ahead schedule that satisfies any one of the following conditions
for a dispatch hour in which the time lag was evaluated:

8. Syexs, ASDGrpx < MinHMRy,p;
b. YyexE, ASDGypx < MinHOyy; of
C. Forly; <XycxE, ASDGppi < ForUp;

2.4.24.2.2 For all resources with a linked forebay where at least one

of the following daily constraints are binding for at least one
dispatch hourin a dispatch day:

IHEy ;i | = MaxStartsHE),
h=1.24 \i=1.NStartMwy

Z ( Z (Z ASDGh,b,k))
h=1.H \b eBHE \rekf,

+ Z IOORConv( Z S105DGy 5

beBHE kek}y
+ Z S10NDGy p, x )
ker i

+ 300RConv( SSORDGH,b,k) > MaxSDEL,

30R
ek

Sn-1.24 (5 cot (Siexs, ASDGnyk ) ) < MinSDELS;
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2.6 Outputs

Yexf, ASDGppc # RELIABILITYMW,, where b € BHE

a. For a resource that has a fixed

SEALMW, ,constraint applied for hour A€ ({1, ..

and bus be BHE:

Z ASDGh‘ka = SEALMWh’b

keK} ),

For a resource that has a minimum

SEALMW,, ,constraint applied for hour A€ ({1, ..

and bus be BHE:

Z ASDGy < SEALMW,,

E
kekE,

For a resource that has a maximum

SEALMW, ,constraint applied for hour A€ ({1, ..

and bus be BHE:

Z ASDGpp, . = SEALMW,,,

E
keKE ),

2.4.24.2.3 For all resources with a linked forebay that do not have a
binding reliability constraint applied for a dispatch hour in which the
time lag was evaluated:

2.4.24.2.4 For all resources with a linked forebay that have at least
one binding SEALMW,, ,constraint for a dispatch hourin which the
time lag was evaluated, at least one of the following conditions was

, 24}

,24}

, 24}

2.5.1 The DAM LC EOPs used for settlement for energy and operating reserve for all
resources except pseudo-units for each hour of the dispatch day shall be the
sum of each DAM LC EOP variable determined by the objective function in
section 2.3 for that resource, subject to constraints in section 2.4 applicable for
that resource determined as follows:
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DGEnergyEOPy;, = Z ESDGp

E
kEKE p,

DG10NEOPy,, = Z ES10NDG, j, x

10N
keKj p

DLEnergyEOP,;, = Z ESDLy

JEIE
DL10NEOP,, = z ES10NDLy, p, ;

J€lhy

DIEnergyEQOP, ), = Z ESIGy p i

kekE,

DI1ONEOP,;, = Z ES10NIGp k

10N
kek Y

DXEnergyEOP,,, = Z ESXLyy,

jEJ}Eb

DX10NEOP,, = Z ES10NXLy,), ;

STTON
JEInp

DG10SEOP,;, = Z ES10SDGy p

108
KEKLS

DG30REOP, ), = Z ES30RDGy

30R
KEKR)

DL10SEOP,, = Z ES10SDLy,, ;

. 108
J€Jnp

DL30REOP,, = Z ES30RDLy

i€y

DI30REOP, ), = Z ES30RIGp,

30R
keK;Y)

DX30REOP,, = Z ES30RXLy), ;

- ZT30R
J€lhp

2.5.2 The DAM LC EOPs for energy and operating reserve for a pseudo-unit for each
hour of the dispatch aay, which will be used for converting the DAM LC EOPs to
physical resource equivalents in accordance with sections 2.5.3 to 2.5.4, shall be

determined as follows:
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PSUMLPEnergyEOP, ;. = Z ESDGpp i

MLP
keKME

PSUDREnergyEOPy, = Z ESDGy px

keKPR

PSUDFEnergyEOP,;, = Z ESDGy

DF
KkekPh

PSU10SEOP,, ), = Z ES10SDGy, 1 i

108
KekpY:

PSU10NEOP,;, = Z ES10NDGy .

10N
KEK}S)

PSU30REOP, ) = Z ES30RDG), p 1

KERGOR

Conversion of DAM LC EOPs for Pseudo-Units to Physical Resource Equivalents

2.6.3 The DAM LC EOP used for settlement for energy for a combustion turbine and a

steam turbine that is associated with pseudo-unit k € {1, ..., K} in hour h shall be
determined as follows:

CTEnergyEOPy

= PSUMLPEnergyEOPy, ;. - CTShareMLPy, ;, + PSUDREnergyEOP), ;,
- CTShareDRp

STEnergyEOPy

= PSUMLPEnergyEOP;, - STShareMLP;, + PSUDREnergyEOP;,
-STShareDRy + PSUDFEnergyEOP,

2.6.4 The DAM LC EOPs used for settlement for operating reserve for a combustion

turbine and a steam turbine that is associated with pseudo-unitk € {1, ...,K} in

hour h shall be determined as follows and in the following order for each class of
operating reserve.
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10SDRy, ;. = min(QDRy, i, PSUL0SEOP;, )
10NDRy, ;. = min(QDRy, ;. — 10SDRy, , PSUIONEOPy, ;)
30RDRy,; = min(QDRy,; — 10SDRy, ;. — 10NDRy, i, PSU3OREOP, ;)

CT10SEOP,,;, = 10SDR,, ;. - CTShareDR,
ST10SEOP, ; = 10SDRy, ;. - STShareDRy, + (PSU10SEOP, ;, — 10SDRy, ;)

CT10NEOP,,, = 10NDR,, - CTShareDRy,
ST10NEOP, = 10NDRy, . - STShareDR, + (PSU10NEOP; ; — 10NDRy, ;)

CT30REOP;,, = 30RDR;, - CTShareDRy,
ST30REOP, , = 30RDR,, ;. - STShareDRy + (PSU3OREOP,,;, — 30RDR), ;)
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3.

Real-Time Market Lost Cost Economic Operating Point

3.1 Purpose

3.1.1

This section describes the process used to determine lost cost economic
operating point (RT LC EOP) for eligible resources in the real-time market.

3.2 Sets, Indices and Parameters used by the Real-Time Lost Cost Economic Operating
Point Calculation

Fundamental Sets and Indices

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

3.2.6

3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

A designates the set of all intertie zones;

B designates the set of buses identifying all dispatchable and non-dispatchable
resources within Ontario;

BP¢ c B designates the set of buses identifying dispatchable generation
resources;

BPL c B designates the set of buses identifying dispatchable loads,

D designates the set of buses outside Ontario, corresponding to imports and
exports in /ntertie zones;

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

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

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

DX < BPL designates the subset of /intertie zone buses identifying boundary
entity resources that correspond to import offers;

DX, € D, designates the subset of /ntertie zone buses identifying boundary entity
resources that correspond to export bids in intertie zone a € A;

ExtLMP,f 5 designates the /ocational marginal price for energy for the dispatch
hourin which interval ;e /falls as determined by Pass 1 of the pre-dispatch
calculation engine,

I={1,..,n;} designates the set of all intervals, where n, designates the nhumber
of five-minute intervals considered within the real-time look-ahead period;
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3.2.13

3.2.14

3.2.15

3.2.16

3.2.17

3.2.18

3.2.19

3.2.20

3.2.21

3.2.22

3.2.23

3.2.24

3.2.25

3.2.26

J{, designates the set of bid laminations for energy at b € B u DX for interval
i€l

Ji9® designates the set of offer laminations for synchronized ten-minute
operating reserve at b € BPL for interval i€ I

]&,‘,’N designates the set of offer laminations for non-synchronized ten-minute
operating reserve at b € BPL u DX for interval /€ I;

J29® designates the set of offer laminations for thirty-minute operating reserve at
b € BPL y DX for interval i€ 7;

J¢4 designates the set of bid laminations for energy at intertie zone bus d € DX
for time-step te 75;

JE9N designates the set of offer laminations for non-synchronized ten-minute
operating reserve at d € DX for time-step te 75

9% shall designate the set of offer laminations for thirty-minute operating
reserve at d € DX for time-step te 75

K[, designates the set of offerlaminations for energy at b € BP¢ u DI for
interval 7€ /;

/(,1;25 designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B~ for interval i€ [ ;

K9V designates the set of offer laminations for non-synchronized ten-minute

operating reserve at bus b € BP¢ u DI for interval /€ I,

KPR designates the set of offer laminations for non-synchronized thirty-minute
operating reserve at bus b € BP¢ u DI for interval i€ I;

K, designates the set of offer laminations for energy at d € DI for time-step
te 75;

k23" designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus d € DI for time-step te 75

K2R designates the set of offer laminations for synchronized ten-minute
operating reserve at bus d € DIfor time-step t€ 7S, and
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3227 TS=1{2.

., ap} designates the set of all time-steps in the look-ahead period

that are included in the pre-dispatch calculation engine optimization, where n; 4p
designates the number of time-steps in the pre-dispatch look-ahead period;

Market Participant Data Parameters

3.2.28 With respect to all resources:

3.2.28.1

Derate; ;, designates the maximum amount of energy and operating
reserve that can be scheduled for a resource in a dispatch interval:

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

3.2.29.1

3.2.29.2

3.2.29.3

3.2.29.4

3.2.30.5

3.2.30.6

3.2.30.7

3.2.30.8

MinQDG,, designates the minimum loading point indicating the
minimum output at which a resource must be scheduled to except for
times when the resource is starting up or shutting down at b € B¢
for interval i;

ORRDG, designates the maximum operating reserve ramp rate in MW
per minute for the resource at b € BP¢;

PDG; ,  designates the price for the maximum incremental quantity of
energy in interval /€ I'in association with offer lamination & € kfb;

P10SDG; 4, « designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval /€ I
in association with offer lamination k € /(,1;9,5;

P10ONDG,; p, x designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in interval
/ € T'in association with offer lamination & € ,;2"’;

P30RDG; , « designates the price for the maximum incremental
quantity of thirty-minute operating reserve in interval /€ Iin
association with offerlamination &k € /(,;32’?;

QDG, , . designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in interval
/€ I'in association with offer lamination k< € /(,5);

Q105DG; , , designates the maximum incremental quantity of
synchronized ten-minute operating reserve in interval /€ Iin
association with offerlamination k € /(,1;%5;
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3.2.30.9 (QL1ONDG, , , designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve in interval /€ Iin
association with offer lamination &k € ,;%N; and

3.2.30.10 @BORDG, , , designates the maximum incremental quantity of thirty-
minute operating reserve in interval /€ Iin association with offer

lamination & € ,;?,R;

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

3.2.31.1 PDL;, ; designates the price for the maximum incremental quantity of
energy for interval /€ Iin association with b/id lamination j € ]fb ;

3.2.31.2 P10SDL;}; designates the price for the maximum incremental

quantity of synchronized ten-minute operating reserve in interval i € 1
10S.

in association with offer lamination j € J;,°;
3.2.31.3 P10NDL,, ; designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in interval
i € Tin association with offer lamination j € J}pV;

3.2.31.4 P30RDL;, ; designates the price for the maximum incremental
quantity of thirty-minute operating reservein interval i € I in
association with offer lamination j € J?p%;

3.2.31.5 (QDL;, designates the maximum bid quantity for energy at b € BP* for
interval /€ I'in association with b/d lamination j e Jfb;

3.2.31.6 QDLFIRM;, designates the quantity of energy that is bid at the
maximum market clearing price at b € BPL in interval /€ I;

3.2.31.7 Q10SDL;j, designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in
interval /€ I'in association with offer lamination j € ,;?,5;

3.2.31.8 Q10NDL;j; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in
interval /€ I'in association with offer lamination j € J;I;?,N;

3.2.31.9 Q30RDL;, designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in interval /€ Iin
association with offerlamination j € ,;2’?;
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3.2.32

3.2.33

3.2.31.10 RLP10S;, designates the reserve loading point for synchronized ten-
minute operating reserve in interval /€ I, and

3.2.31.11 RLP30R;, designates the reserve loading point for thirty-minute
operating reservein interval /€ I

With respect to a pseudo-unitidentified by bus 5 € B>V

3.2.32.1 CTShareMLP, designates the combustion turbine share of the
minimum loading point region;

3.2.32.2 (TShareDR, designates the combustion turbine share of the
dispatchable region;

3.2.32.3 STShareMLP, designates the steam turbine share of the minimum
loading point region; and

3.2.32.4 STShareDR, designates the steam turbine share of the dispatchable
region;

With respect to a boundary entity resource import from intertie zone bus d € DI,
where the /ocational marginal price represents the price at the /intertie metering
point.

3.2.33.1 PIG,q4, designates the price for the maximum incremental quantity of
energy that may be scheduled to import in time-step £ € 7Sin
association with offer lamination k €;

3.2.33.2 P10NIG, 4 designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-
step t€ TSin association with offer lamination k€ K;5";

3.2.33.3 P30RIG, 4, designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step te 75in
association with offer lamination k€ K3%;

3.2.33.4 QIG, 4 designates the maximum quantity of energy for which an
import at bus d € DI in time-step t € 75 may be scheduled in
association with offer lamination k € K/;;

3.2.33.5 Q10NIG, 4, designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in
time-step ¢€ 7:Sin association with offer lamination k€ K}5"; and
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3.2.33.6  Q30RIG, 4 designates the maximum incremental quantity of thirty-
minute operating reserve quantity that may be scheduled in time-step
te TSin association with offer lamination ke K355

3.2.34 With respect to a boundary entity resource export to intertie zone bus d € DX,
where the /ocational marginal price represents the price at the /intertie metering
point.

3.2.34.1 PXL, 4 ; designates the price of the exporter at bus d'for an
incremental quantity of energy in time-step t € TS in association with
bid lamination j € J£;;

3.2.34.2 P10NXL, 4 ; designates the price of being scheduled to provide non-
synchronized ten-minute operating reserve in time-step t € TS in
association with offer lamination j € j13";

3.2.34.3 P30RXL,,; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step t € TS in
association with offer lamination j € J23%;

3.2.344 (QXL.4; designates the maximum quantity of energy for which the
export at bus b in time-step t € TS may be scheduled in association
with bid lamination j € J£;;

3.2.34.5 Q10NXL.,; designates the quantity of non-synchronized ten-minute
operating reserve that may be scheduled in time-step t € TS in
association with offer lamination j € J13"; and

3.2.34.6 (Q30RXL.,; designates the quantity of thirty-minute operating

reserve that may be scheduled in time-step ¢t € TS in association with
offer lamination j € J23%;

IESO Data Parameters

3.2.35 ASDG;;, designates the amount of energy that a dispatchable generation
resource is scheduled to provide by the real-time calculation engine at bus b for
interval 7€ I

3.2.36 COMCYCMW;, designates the MWh constraint placed onto a resource that is not
modelled as a pseudo-unit at bus b for interval / € Ito reflect that resource’s
energy capability in combined cycle mode;
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3.2.37

3.2.38

3.2.39

3.2.40

3.2.41

3.2.42

3.243

3.2.44

3.2.45

ExtLlONPf 5 designates the /ocational marginal price for non-synchronized ten-
minute operating reserve for the dispatch hourin which interval /€ Ifalls as
calculated by Pass 1 of the pre-dispatch calculation engine;

ExtL3ORPf 5 designates the /ocational marginal price for thirty-minute operating
reserve for the dispatch hourin which interval /e Ifalls as calculated by Pass 1
of the pre-dispatch calculation engine;

FG;, designates the JESO’s centralized variable generation forecast for a variable
generation resource identified by bus b for interval /€ I;

LMP}; p designates the /locational marginal price for energy in interval /€ Ias
determined by Pass 1 of the real-time calculation engine;

L105P,f p designates the /ocational marginal price for synchronized ten-minute
operating reserve in interval / € I as determined by Pass 1 of the real-time
calculation engine,

L10NP,;117 designates the /locational marginal price for non-synchronized ten-
minute operating reserve in interval /€ I as determined by Pass 1 of the real-
time calculation engine,

L30RP,f pdesignates the /locational marginal price for thirty-minute operating
reservein interval / € Ias determined by Pass 1 of the real-time calculation
engine,

REGULATIONMW,, ,, designates the MWh constraint placed onto a resource at
bus b for interval /e Ifor regulation; and

SEALMW; , designates the MWh constraint placed onto a resource at bus b for
interval / € Ifor actions taken to ensure the safety of any person, prevent the
damage of equipment, or prevent the violation of any applicable law.

3.3 Objective Functions

3.3.1

The objective functions for the Real-Time Market Lost Cost Economic Operating
Point calculation shall solve for the following variables:

3.3.1.1 ESDG;, r, Which designates the amount of energy that a dispatchable
generation resource is scheduled at bus b e ACininterval /€ Iin
association with offerlamination k € kfb;
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3.3.1.2  ES105DG;,,, wWhich designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus 6 € B in interval /€ I'in association

with offerlamination 4 € /(,;185;

3.3.1.3 ES10NDG;,,,, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus 6 € B2C in interval /€ Iin association

with offer lamination & € ,;1,?”;

3.3.1.4  ES30RDG,,, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € B in interval /€ I'in association with offer
lamination & € /(,;38/?;

3.3.1.5  ESIG; 4, Which designates the amount of dispatchable imports
scheduled at bus d € DI in interval i € I in association with offer
lamination k € Kf;;

3.3.1.6  ES10NIG; 4, Which designates the amount of non-synchronized ten-
minute operating reserve scheduled at bus d € DI in interval i € Iin
association with offer lamination k € K;;;

3.3.1.7  ES30RIG; 4 Which designates the amount of thirty-minute operating
reserve scheduled at bus d € DI in interval i € I in association with
offer lamination k € K/;;

3.3.1.8  ESDL;,;, which designates the amount of energy that a dispatchable

load scheduled at bus 6 € B in interval j € Tin association with offer
lamination j € J7,;

3.3.1.9  ES108DL;;; which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b€ B” in interval /€ Iin association with offer lamination JE
10s.

ib 1
3.3.1.10  ES10NDL;;;, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € B in interval /€ Iin association with offer

lamination j e J,;IBN;
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3.3.1.11  ES30RDL,,; which designates the amount of tAirty-minute operating

reserve that a dispatchable load is scheduled to provide at bus b €

B in interval / € Iin association with offer lamination j J?%R;

3.3.1.12 ESXL; 4 which designates the amount of dispatchable imports
scheduled at bus d € DX in interval i € I in association with offer
lamination k € K;;

3.3.1.13 ES10NXL; 4, Which designates the amount of non-synchronized ten-
minute operating reserve scheduled at bus d € DX ininterval i € I in
association with offer lamination k € k}5;; and

3.3.1.14 ES30RXL; 4, Which designates the amount of ¢hirty-minute operating
reserve scheduled at bus d € DX in interval i € I in association with
offer lamination k € Kf;.

3.3.2 For each of the following resource types, the objective function for determining
an RT LC EOP will maximize the value of the following expressions:

3.3.2.1 For dispatchable generation resources:

0bjSDG = Z ESDGi - (LMo~ PDGipy.)

kekE,

0bj10SDG = Z ES10SDG; . - (L10SP}, — P10SDG; )

108
kEKLb

0bj10NDG = Z ES10NDG, . - (LLONPL — P1ONDG, )

10N
KeK}

0bj30RDG = Z ES30RDG; . - (L30RPL, — P30RDG; 1 1)

30R
KEKED

3.3.2.2  For dispatchable loads:
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ObjSDL; = z ESDLy ;- (PDL;y ; — LMPY, )

fEffb

0bj10SDL; = Z ES10SDL;y, ; - (P10SDL; ), j — L10SE})

i~ 1108
J€lip

Obj10NDL; = z ES10NDL;y, ; - (P1ONDL;, ; — LIONE)

i 10N
J€lip

Obj30RDL; = Z ES30RDL;y, ;- (P30RDL; ), ; — L30RE,)

. 30R
JElip

3.3.2.3  For import transactions associated with boundary entity resources:

0bjSIG; = Z ESIG; g - (EXLMELY — PIG,q )

kekF,
. _ ﬁD
Obj10NIG; = ES10NIG, gy - ( EXtLIONP[G — P1ONIGyq.)
keKN
Obj30RIG; = ES30RIG, 4 - (EXtI30RP[g — P30RIG, o)

30R
keK?S

3.3.2.4  For export transactions associated with boundary entity resources.

ObjSXL; = Z ESXLiaj- (PXLya,; — EXCLMEY)
i€Jfa

Obj10NXL; = Z ESlONXLI-,dJ--(PlONXLt,dJ-—EXL‘LIONH??)

:— 110N
J€liq

Obj30RXL; = Z ES30RXLyq,; - (P30RXLeq,; — ExtI30RF7)

jeri gk
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3.4 Constraints

3.4.1

The constraints described in this section 3.4 shall apply to the objective functions

used for the RT LC EOP calculation.

Scheduling Variable Bounds

3.4.2 No RT LC EOP shall be negative, nor shall any RT LC EOP exceed the offeror bid
quantity for energy or the offer quantity for operating reserve. For all intervals
/e

0 < ESDL;j; < QDL;j; for all b € BPL,j € Jf,;

0 < ES10SDL;y,; < Q10SDL; for all b € BPL, j € 1%,
0 < ES10NDL;;,; < Q1ONDL;j, ; for all b € BP,j € J1OV;
0 < ES30RDL;,; < Q30RDL;,; for all b € BPL, j € J7)%;
0 < ESDG;pp < QDG for all b € BP%, k € Kf,;
0 < ES10SDG;py < Q10SDGy ) 1 for all b € BPS, k € K25
0 < ES10NDG; . < Q1ONDG; for all b € BP%, k € K},
0 < ES30RDG; ), < Q30RDG; for all b € BPC, k € K(%;
0 < ESDX;4; < QXL foralld € DX,j € Jf,;

0 < ES10NXL;4; < Q1ONXL, g4 ; for all d € DX,j € J}9V;
0 < ES30RXL;4; < Q30RXL,q; for all d € DX,j € J3%;
0<ESIG;g; < QIG,qp foralld € DI,k € Kfy;

0 < ES10NIG; 4, < Q1ONIG, 4 for all d € DI,k € K}3",;
0 < ES30RIG; 45 < Q30RIG, 4 for all d € DI,k € K23%;

3.4.3 Subject to section 3.4.4, the RT LC EOP for a non-quick start resource shall be
greater than or equal to its minimum loading point for interval i € I and bus b €
BNOS:

ESDG; ) = MinQDG,
kekF,

3.4.4 The RT LC EOP for a non-quick start resource shall be equal to its real-time
schedule when it is scheduled below its minimum loading point for interval /e I
and bus b € BNOS;
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If Xk, ASDGyp ) < MinQDG), for b € BNOS then:

Z ESDGinJk = ASDGin

kekf,

Constraints for Regulation Requirements

3.4.5 For a dispatchable generation resource, its RT LC EOP for energy shall be greater
than or equal to any regulation constraint that is applied for interval /e 7and bus
b € BP¢:

Z ESDG;, . = REGULATIONMW,

kekE,

3.4.6 For a dispatchable generation resource, its RT LC EOP for energy and each class
of operating reserve shall not exceed the maximum available capacity the
resource has less the regulation constraint that is applied for interval /€ 7and
bus b € BPS:

ESDG;, ) < AdjMaxDG;, — REGULATIONMW;

kekf,

ES10SDG; ) < AdjMaxDG;), — REGULATIONMW, ,

108
keKip

ES10NDG; ;. < AdjMaxDG;, — REGULATIONMW,,

10N
kEKI-'b

ES30RDG;p < AdjMaxDG;, — REGULATIONMW,

30R
KEKFY

Constraints for Market Participant Requirements

3.4.7 For a dispatchable generation resource, its RT LC EOP for energy shall be greater
than or equal to any minimum SEALMW; , constraint that is applied for interval
/€ Iand bus be B”¢:

z ESDG; ) = SEALMW,,

E
kEKE,b
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3.4.8 For a dispatchable load, its RT LC EOP for energy shall be greater than or equal
to any minimum SEALMW; ,constraint that is applied and for each class of
operating reserve, the RT LC EOP shall be less than or equal to the RT LC EOP
for energy for that resource less any minimum SEALMW; ;, constraint that is
applied for interval /€ 7and bus b€ BPL:

Z ESDL;),; = SEALMW,,

ES10SDL;p; < Z ESDL;p, j — SEALMW;,

JEIS® JEIEy

Z ES10NDL;j; < Z ESDL;,; — SEALMW,

jertpN JEIE,

ES30RDL;,; < Z ESDL;y,j — SEALMW,,

JeItpR JEI Dy

3.4.9 For a dispatchable generation resource, its RT LC EOP for energy shall be less
than or equal to any maximum SEALMW; ,constraint applied for all intervals 7€ /

and buses p € BPG:

Z ESDG; ) < SEALMW,,

E

3.4.10 For a dispatchable load, its RT LC EOP for energy shall be less than or equal to

any maximum SEALMW; ,constraint applied for all intervals /€ 7and buses b€
BPG:

Z ESDLy,; < SEALMW,,
J'E]Eb

3.4.11 For a dispatchable generation resource, its RT LC EOP for energy shall be equal
to any fixed SEALMW; ,constraint applied for interval /e 7and bus b€ BP¢:

ESDGf,b,k = SEALMWl‘b

E
kekp,
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3.4.12 For a dispatchable load, its RT LC EOP for energy shall be equal to any fixed
SEALMW, ,constraint that is applied and equal to zero for each class of
operating reserve for interval i € 1 and buses b€ BPL:

Z ESDLL"bJ' — SEALMVVLb

jeffb
ES10SDL;p ) = 0
JEIRYS
ES10NDL; ) = 0
JEIRSN
ES30RDL;} ) =0
JEIRSR

3.4.13 For a dispatchable load, its RT LC EOP for energy shall be greater than or equal
to the bid quantity for energy priced at the maximum market clearing price:

Z ESDL;j,; = QDLFIRM;,,
feffb
3.4.14 For a dispatchable load, its RT LC EOP for operating reserve shall be less than or

equal its RT LC EOP for energy less the bid quantity for energy priced at the
maximum market clearing price:

ES10SDL;; < Z ESDL;;; — QDLFIRM,,

jertss JEIEy

ES10NDL;,; < Z ESDL;),; — QDLFIRM;,

jesigh i€l
ES30RDL;),; < Z ESDL;y,; — QDLFIRM;,
jeiipR eIty

Constraints for Operating Reserve Ramping

3.4.15 For a dispatchable generation resource with RLP10Sy, ;, > 0, the amount of ten-
minute operating reserve that the resource is scheduled to provide shall be less
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than or equal to its reserve loading point for ten-minute operating reserve and ,
the following constraint shall apply for all hours A€ {1,.., 24} and all buses b€
BPC:

ES10SDGyp
kEKil‘gs

1
< ESDG;p | | —— )| mi 10-ORRDG-,Z 10SDG;
Z bk (RLPlOSi,b) mn ub wSQ Lbk
keK}

kekE,

3.4.16 For a dispatchable generation resource with RLP30R;, ,, > 0, the amount of thirty-
minute operating reserve that the resource is scheduled to provide shall be less
than or equal to its reserve loading point for thirty-minute operating reserve and
the following constraint shall apply for all hours 2€ {1,.., 24} and all buses b€

BPG:

ES30RDG;
kek:oR
1

m) min SOORRDG”,, Z Q3ORDGlb,k

kekipR

S Z ESDGi‘b,k " (

KEK,

Constraints for Pseudo-units

3.4.17 For a pseudo-unit, its RT LC EOP for energy for the dispatchable region and duct
firing region shall be less than or equal to the respective maximum capabilities
for those regions for interval i € 1and bus b € BPSU:

ESDGL"ka < MCZXDRi'b

DR
keKp)

ESDGi,b,k < MaxDFin

DF
keK!-’b

3.4.18 For a pseudo-unit, its RT LC EOP for each class of gperating reserve shall be less
than or equal to the sum of the maximum capabilities for its dispatchable region

and duct firing region for hour i €1and bus b € BPSY;
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ESlOSDGLka S MQXDRL',b + MCUCDFLb

108
kek;p

ESlONDGi'b,k < MCUCDRi,b + MaxDFi,b

10N
kek

ES30RDG; ) < MaxDR;, + MaxDF;,

30R
keK?)

3.4.19 For a pseudo-unit that cannot provide ten-minute operating reserve from its duct
firing region, the following constraint shall apply:

ESDGi . + Z ES10SDG; ) + Z ES10NDG; ;. < MINQDG, + QDR;

kekf, keK19S kek 9N
3.5 Outputs
3.5.1 The RT LC EOP s used for settlement for energy and operating reserve for all

resources except pseudo-unit resources for each interval of the dispatch hour
shall be the sum of each RT LC EOP variable determined by the objective
function in section 3.3 for that resource, subject to constraints in section 3.4
applicable for that resource determined as follows:

DGEnergyEOP} = Z ESDG; p, x DG10SEOP) = Z ES10SDG; p,
KEKE, keky®
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DG10NEOP/{ = Z ES1ONDG;p

10N
keK}y

DLEnergyEOP) = Z ESDL;p

JeIfy

DLIONEOP = " ES10NDL,,

 STTON
J€ip

DIEnergyEOPE: = Z ESIG;p

L
E
KkekE,

DI1ONEOP! = Z ES10NIG; )k

10N
keK;y,

DXEnergyEOP = Z ESXLip

JeIg,

DXIONEOPIf = " ES10NXL,,

;= 710N
JE€lip

choREOPi_bfg= Z ES30RDG;

30R
kEK; )

DL10SEOP, ;" = Z ES10SDLyp,;

JEILp®

DL30REOP, /7 = Z ES30RDL;

;- 130R
JE€lip

DI30REOP,,; = Z ES30RIG; k

30R
keK;y

DX30REOPI = ) ES30RXL,

:~130R
JEIip

3.5.2 The RT LC EOPs for energy and operating reserve for a pseudo-unit for each
interval of the dispatch hour, which will be used for converting the RT LC EOPs
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to physical resource equivalents in accordance with sections 3.5.3 to 3.5.4, shall
be determined as follows:

PSUMLPEnergyEOP}{ = Z ESDG;p k

MLP
keKip

PSUDREnergyEOP}; = Z ESDG;p

DR
keK;y,

PSUDFEnergyEOP{y = Z ESDG;p

kekBF

PSU10SEOP/{ = Z ES10SDG; .

108
kEKE_b

PSU10NEOP/{ = Z ES10NDG; p, i

10N
kEK(,b

PSU3OREOP} = Z ES30RDG; 1

kek R
Conversion of RT LC EOPs for Pseudo-Units to Physical Resource Equivalents

3.5.3 The RT LC EOP used for settlement for energy for a combustion turbine and a
steam turbine that is associated with pseudo-unit k € {1, ..., K} in interval i shall
be determined as follows:

CTEnergyEOP;

= PSUMLPEnergyEOP/( - CTShareMLP; . + PSUDREnergyEOP/{
* CTShareDR;

STEnergyEOQOP;
= PSUMLPEnergyEOP/ - STShareMLP;, + PSUDREnergyEOP{{
- STShareDR;, + PSUDFEnergyEOPiﬁf

3.54 The RT LC EOPs used for settlement for operating reserve for a combustion
turbine and a steam turbine that is associated with pseudo-unitk € {1, ..., K} in
interval i shall be determined as follows and in the following order for each class
of operating reserve:
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10SDR; ), = min(QDR; , PSU10SEOP}
10NDR;; = min(QDR;; — 10SDR;, PSULONEOP/
30RDR; ), = min(QDR; ) — 10SDR;; — 10NDR,; ;, PSU30REOP}

CT10SEOP;,, = 10SDR; . - CTShareDR,,
ST10SEOP,; = 10SDR; - STShareDR, + (PSU10SEOP}S — 10SDR; ;)

CT10NEOP,; = 10NDR), - CTShareDR;
ST10NEOP, ;. = 10NDR; . - STShareDR,, + (PSULONEOPES — 10NDR; )

CT30REOP; ;. = 30RDR,, - CTShareDR,

ST30REOP;, = 30RDR; - STShareDR;, + (PSU30REOPL — 30RDR; )

4. Real-Time Market Lost Opportunity Cost Economic
Operating Point

4.1 Purpose

4.1.1 This section describes the process used to determine the lost opportunity cost
economic operating point for eligible resources in the real-time market (RT LOC
EOP).

4.2 Sets, Indices and Parameters Used by the Real-Time Market Lost Opportunity Cost
Economic Operating Point

Fundamental Sets and Indices

4.2.1 The fundamental inputs used to calculate RT LOC EOP are described in section
3.2.

Market Participant Data Parameters

4.2.2 In addition to the market participant data parameters described in section 3.2,
the following parameters are also used to calculate the RT LOC EOP.

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

4.2.3.1  DRRDG;,,, designates the maximum rate in MW per minute at which
the resource can decrease the amount of energy it supplies at b €
BP¢ for interval i while operating in the range between
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RmpRngMaxDG;},—, and RmpRngMaxDG,, ,, for
w € {1,.., NumRRDG,;};

4.2.3.2  NumRRDG;, designates the number of ramp rates provided in time-
step /€ [, and

4.2.3.3  URRDG,,,, designates the maximum rate in MW per minute at which
the resource can increase the amount of energy it supplies at b € BP¢
for interval / € I while operating in the range between
RmpRngMaxDG; ,,,—1 and RmpRngMaxDG;,, for
w € {1,.., NumRRDG;};

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

4.2.4.1  DRRDL;,, designates the maximum rate in MW per minute at which
the resource can decrease the amount of energy it supplies at b €
BPL for interval /€ Iwhile operating in the range between
RmpRngMaxDL;},,—1 and RmpRngMaxDL;,,, for
w € {1,.., NumRRDG,,};

4.2.4.2  NumRRDL; ), designates the number of ramp rates provided at b €
BPL for interval /€ I

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

4244  RmpRngMaxDG;,, designates the w" ramp rate break point
provided at b € B”¢ for interval /€ /where w e {1,.., NumRRDG,,};

4245 RmpRngMaxDL,,,, designates the w™ ramp rate break point
provided at b € B”* for interval /€ ITwhere w € {1,.., NumRRDG;,};
and

4.2.4.6  URRDL;), designates the maximum rate in MW per minute at which
the resource can increase the amount of energy it supplies at b € BPL
for interval / € I while operating in the range between
RmpRngMaxDL;, -, and RmpRngMaxDL;, ,, for
w € {1,.., NumRRDL;;}.

IESO Data Parameters

4.2.5 In addition to the /£SO data parameters described in section 3.2, the following
parameters are also used to the calculate the RT LOC EOP.
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4.2.5.1  GridConnected; ), designates if the resourceis connected to the JESO-
controlled grid at bus b for interval /€ I, and

4.2.5.2  RELIABILITYMW; , designates the MWh constraint placed onto a
resource at bus b for interval / € Ifor reliability purposes.

4.3 Objective Functions

4.3.1

The objective functions for the Real-Time Market Lost Opportunity Cost
Economic Operating Point calculation shall solve for the following variables:

4.3.1.1  ESDG;,, which designates the amount of energy that a dispatchable
generation resource is scheduled at bus b e ACininterval /€ Iin
association with offer lamination &k € kfb;

4.3.1.2  ES10SDG;}, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus 6 € B”° in interval /€ Iin association
with offerlamination k& € /(,1;25;

4.3.1.3  ES10NDG;}, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b6 € B° in interval /€ Iin association
with offer lamination k € K3

4.3.1.4  ES30RDG;,,, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € B in interval /€ I'in association with offer

lamination & € ,;?,R;

4.3.1.5  ESIG; 44, Which designates the amount of energy that a boundary
entity resource is scheduled to import from intertie zone bus d € DI
in interval i € Zin association with offer lamination k € Kf;;

4.3.1.6  ES10NIG; 4, Which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource is scheduled
to provide from /ntertie zone bus d € DI in interval i € in association
with offerlamination k € Kf;

4.3.1.7  ES30RIG; 4, Which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide at bus
d € DI in interval i € Jin association with offer lamination k € Kf;;
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4.3.1.8  ESDL;;;, which designates the amount of energy that a dispatchable
load'is scheduled to consume at bus 4 € £ in interval / € Iin
association with bid lamination j € J,;

4.3.1.9  ES10SDL;;;, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b € B” in interval /€ Iin association with offer lamination JE
0S.

Lb 1

4.3.1.10  ES10NDL;;;, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € B in interval /€ Iin association with offer
lamination j € ,;?/V;

4.3.1.11 ES30RDL,;;, which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b €
B in interval /€ Iin association with offer lamination JjE€ J?;OR;

4.3.1.12  ESXL; 4 wWhich designates the amount of energy a boundary entity
resource is scheduled to export at /ntertie zone bus d € DX in interval
i€ I in association with bid lamination k € Kf;;

4.3.1.13 ES10NXL; 4, which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource is scheduled
to provide at intertie zone bus d € DX in interval /€ I in association

with offer lamination k € Kf;;

4.3.1.14 ES30RXL; 4 Which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide at
Intertie zone bus d € DX in interval i in association with offer
lamination k € Kf;;

4.3.1.15 ESDGInitSch;; designates the initial schedule for a dispatchable
generation resource at bus b € BP¢; and

4.3.1.16 ESDLInitSch;, designates the initial schedule for a dispatchable load
at bus b € BPL,

4.3.2 For each of the following resource types, the objective function for determining
an RT LOC EOP shall maximize the value of the following expressions:
4.3.2.1  For dispatchable generation resources.
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0bjDG; = z Z ESDG;p - (LMP};,:, - PDGLb,k)

DG E
bEB kekf,

+ Z ES10SDGy .+ (L10SPL, — P10SDGyp )

kexlps
+ Z ES10NDG;p, - (LLONE], — P1IONDG; }, ;)
kef(&g‘”

+ Z ES30RDG; . - (L30REY — P30RDG, ) )

30R

4.3.2.2  For dispatchable loads:.

0bjDL; = Z Z ESDLyy; - (PDLyy, — LMPY, )
bePL \ jesE)
+ Z ES10SDL;p ;- (P10SDL;y, ; — L10SF), — P10SDL;p ;)
JeIts®
+ Z ES10NDL;y, ; - (L10NFL — P1ONDL; ), ; — L1ONF),)

. ON
}Efjllb

+ Z ES30RDL;),; - (L30RP), — P30RDL; ), ; — L30RP})

. R
Jeids

4.3.2.3 For an import transaction at an intertie metering point'i’ associated
with a boundary entity resource:

ObjDI; = Z Z EDIG; g - (ExtLMP'Y — P1Gy q)

deDI kEKiEd

+ Z ES10NIG, 4 - ( EXULLONP]G — P1ONIGy g, )

10N
kEK[,d

+ Z ES30RIG, 4 - (ExtL30RB‘f§—P30R1c:t,d_k)

30R
keKiq

4.3.2.4 For an export transaction at an /ntertie metering point'i’ associated
with a boundary entity resource:
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ObjDX, = Z Z ESXLyg, - (PXLeq, — ExtLMPLP)
depx \ jejE,

+ Z ESlONXLI-,dJ--(EXl‘LlONB?ﬁ—PlONXLt,dJ)

jesiey

+ Z ESBORXLLdJ-(ExtBORR?g —P30RXLL,1J)

JEIZSR

4.4 Constraints

4.4.1 The constraints described in this section 4.4 shall apply to the objective functions
used for the RT LOC EOP calculation.

Scheduling Variable Bounds

4.4.2 No RT LOC EOP shall be negative, nor shall any RT LOC EOP exceed the offer or
bid quantity for energy or the offer quantity for operating reserve. Therefore, for
all intervals /€ I

0 <ESDL;;,; < QDL;),

0 < ES10SDL;},; < Q10SDL;y, ;
0 < ES10NDL;}, ; < Q1ONDL;, ;
0 < ES30RDL;y; < Q30RDL;y, ;
0 < ESDG;py < QDGipe

0 < ES10SDG; i < Q10SDGyp
0 < ES10NDG; 1, < Q1ONDG,
0 < ES30RDG;px < Q30RDG; )
0 < ESDX;q; < QXlg,

0 < ES10NXL;4; < Q1ONXL, 4 ;
0 < ES30RXL;4; < Q30RXL:q;
0 <ESDIigp < QIGy gy

0 < ES10NIG; 4) < Q1ONIG, g4
0 < ES30RIG; 4 < Q30RIG, 4,

for all b € B, j € J5,;
for all b € BPL,j € J19S;
for all b € BPL,j € J1oV;
for all b € BPL,j € J30R;
for all b € BPC, k € Kf,;
for all b € BPS, k € K5,
for all b € BS, k € K}{N;
for all b € BPS, k € K{%;
for all d € DX, j € JE;
for all d € DX, j € J}9;
for all d € DX, j € Ji%%;
for all d € DI,k € KEy;
for all d € DI,k € K3V,

forall d € DI,k € K3%;
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4.4.3 For a dispatchable generation resource that is not connected to the /ESO-
controlled grid and is not eligible for dispatch, its RT LOC EOP shall be set to zero
for interval 7€ 7and bus b € BP¢:

Z ESDG;p, . + Z ES10SDG; ) + Z ES10NDG; ,, + Z ES30RDG; ) = 0

E 108 10N 30R
kekE, KEK]? keK}? kEKED

4.4.4 For a dispatchable load that is not connected to the JESO-controlled grid and is not
eligible for dispatch, its RT LOC EOP shall be set to zero for interval /€ 7and bus b € BPL:

Z ESDL;p j + z ES10SDL;y ; + Z ES10NDL;y, ; + Z ES30RDL;y; =0

€Ik, jest9s jersnN JEJER

4.4.5 For a dispatchable load, the sum of the RT LOC EOP for all classes of operating

reserve for the resource shall not exceed its RT LOC EOP for energy for interval
i€ /and bus b € BPL:

ES10SDL, ; + z ES10NDL, ; + Z ES30RDL;;; < Z ESDLy;

jesigs jesipN jeIgR jelf,
4.4.6 For a dispatchable generation resource, its RT LOC EOP shall not exceed the

maximum available capacity for the resource for interval i€ 7and bus b € BP¢:

min Z QDGilb,k,Deratei,b,FGf,b l.f b€ BVG

) kekE,
AdjMaxDG;j, = 4 '

min( Z QDGi,brk,Deratei,b> otherwise
kEbe

Z ESDGyp + Z ES10SDG . + Z ES10NDGyp o + Z ES30RDG; )
kekE, kek19S kekiON kekFR
< AdeQXDGi,b

44.7 Subject to section 4.4.8, the RT LOC EOP for a non-quick start resource shall be

greater than or equal to its minimum loading pointf for interval i € I and bus b €
BNOS:
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Z ESDGi.b,k = MIHQDG[,

kekE,

4.4.8 The RT LOC EOP for a non-quick start resource shall be equal to its real-time
schedule when it is scheduled below its minimum loading point for interval i € 1
and bus b € BNOS;

If ZREKlEb ASDGi,b,k < MinQDgG,, forb e BNQS’ then:

Z ESDGi'bJR - ASDGl',b

kekf,

Constraints for Reliability Requirements

44.9 For a dispatchable generation resource, its RT LOC EOP shall be greater than or
equal to any minimum reliability constraint that is applied for interval i € I and
bus b € BP¢

Z ESDG;, . = RELIABILITYMW, ,

E
kekE,

4.4.10 For a dispatchable load its RT LOC EOP shall be greater than or equal to any
minimum reliability constraint that is applied for interval i € I and bus b € BP*

Z ESDL;}, = RELIABILITYMW, ,

}'E]f‘b

4.4.11 For a dispatchable generation resource its RT LOC EOP for energy shall be
greater than or equal to any regulation constraint that is applied for interval ;i€ /
and bus b € BP¢:

Z ESDG;, = REGULATIONMW, ,

kekF,

4.4.12 For a dispatchable generation resource, the sum of RT LOC EOP for energy and
all classes of gperating reserve shall be less than or equal to its maximum
available capacity less the regulation constraint that is applied for interval /e /
and bus b € BP¢:
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Z ESDG;p ) + Z ES10SDG;p i + Z ES10NDG; . + Z ES30RDG; j, x
kekf, kek}Ds keklpN kekZpR

< AdjMaxDG; ), — REGULATIONMW,

Constraints for Market Participant Requirements

4.4.13 For a dispatchable generation resource, its RT LOC EOP for energy shall be
greater than or equal to any minimum SEALMW; ;, constraint that is applied for
interval 7€ / and bus b€ B¢

Z ESDGyp ) = SEALMW,,

E
kEKE,b

4.4.14 For a dispatchable load, its RT LOC EOP for energy shall be greater than or equal
to any minimum SEALMW; , constraint that is applied and the sum of RT LOC
EOP for all classes of operating reserve shall be less than or equal to the RT LOC
EOP for energy for that resource less the minimum SEALMW; ;, constraint that is
applied for interval 7€ 7and bus b€ B”:

Z ESDL;),; = SEALMW,,

ES10SDL;,; + Z ES10NDL;, ; + Z ES30RDL;;,; < Z ESDL;), j — SEALMW,,

7708 (= TTON . T30R TE
JEIip JElip J€lip JEID

4.4.15 For a dispatchable generation resource, the sum of its RT LOC EOPs for energy
shall be less than or equal to any maximum SEALMW; , constraint that is applied

for interval i€ 7and bus b€ BPC:

Z ESDGyy, < SEALMW,,

kEK[,

4.4.16 For a dispatchable load, its RT LOC EOP for energy shall be less than or equal to
any maximum SEALMW; , constraint that is applied for interval /€ 7and buses

be BPL
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ESDL;);,; < SEALMW, ,

feffb

4.4.17 For a dispatchable generation resource, its RT LOC EOP for energy shall be equal

to any fixed SEALMW; ,constraint that is applied for interval 7€ 7and bus b€
BPC:

Z ESDGi,b,k = SEALMWl,b

E
kEKin

4.4.18 For a dispatchable load, its RT LOC EOP for energy shall be equal to any fixed
SEALMW; ,constraint that is applied and equal to zero for each class of operating

reserve for interval i€ 7and bus b€ BPL:

ESDLi,b,j — SEALMerb

J'E]E'b

ES10SDL;p; = 0

TS
J€Inp

ES10NDL;p,; = 0

. N
JEIiS

ES30RDLyjx = 0
JETRSE

4.4.19 For a dispatchable non-quick start resource that is not being modelled as a
pseudo-unit, its RT LOC EOP for energy shall be greater than or equal to the
COMCYCMW;, constraint that is applied for interval 7€ 7and bus be B”¢ :

ESDGjp = COMCYCMW,,

kekF,

4.4.20 For a dispatchable load, its RT LOC EOP for energy shall be greater than or equal
to the bid quantity for energy priced at the maximum market clearing price for
interval 7€ 7and bus b e BPL:
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Z ESDL;j; = QDLFIRM;,

jEJEb

4.4.21 For a dispatchable load, the sum of RT LOC EOPs for all classes of operating
reserve shall not exceed the RT LOC EOP for energy less the bid quantity for
energy priced at the maximum market clearing price for interval i€ 7and bus b e
BPL:

ES10SDL;, ; + Z ES10NDL;, ; + Z ES30RDL;), ; < Z ESDL;;,; — QDLFIRM; ),

JEIIR® jesigN jesER jeik,

Constraints for Operating Reserve Ramping

4.4.22 For a dispatchable resource, the upper bound of the RT LOC EOP for all classes
of operating reserve shall be less than or equal to it operating reserve ramp rates
as follows:

4.4.22.1 For a dispatchable generation resource, for interval i€ /and bus b€
BP¢:

ES10SDGyp 1 + Z ES10NDG; 1 + Z ES30RDG; 1 < 30+ ORRDG,

108 10N 30R
keK}S keK} keK?y

ES10SDG  + Z ES10NDG; . < 10 - ORRDG,

108 10N
kEK[,b kEKi,b

4.4.22.2 For a dispatchable load, for interval i€ 7and bus b e BPL:

ES10SDL;, ; + Z ES10NDL; ), ; + z ES30RDL;,,; < 30 ORRDL,

Jjestp® JesN jesisR
ES10SDL;),; + Z ES10NDL;, ; < 10+ ORRDL),

i~ 1108 : 10N
JEJip JEJip

4.4.23 For a dispatchable generation resource with RLP10S;;, > 0, the amount of ten-
minute operating reserve that a dispatchable generation resource is scheduled to
provide shall be less than or equal to its reserve loading point for ten-minute
operating reserve.
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ES10SDG; p 1

108
keK; )

1
L

E 108
kekE, KEK]S

4.4.24 For all dispatchable generation resources with RLP30R; ;, > 0, the amount of
thirty-minute operating reserve that a dispatchable generation resource is
scheduled to provide shall be less than or equal to its reserve loading point for
thirty-minute operating reserve:

ES30RDG,

30R
KkeKED

1
< Z ESDG["ka (W()Rb) min SOORRDGb, Z QBORDGi.b’k
L

E 30R
kekE, keK3)

Constraints for Energy Ramping

4.4.25 With the exception of the first interval of each dispatch day, the RT LOC EOP
shall use its RT LOC EOP for the prior interval as its initial starting point as
follows:

4.4.25.1 For a dispatchable generation resource, its RT LOC EOP for energy
cannot vary by more than five minutes of the resource’s energy
ramping capability for interval i € I and bus b € BP¢:

ESDGInitSch;, —5- DRRDG;p, < Z ESDG;py < ESDGInitSch;, +5- URRDG;p, ,
kekf,

4.4.25.2 For a dispatchable load, its RT LOC EOP for energy cannot vary by
more than five minutes of the resource’s energy ramping capability
for interval i € I and bus b € BPL:

ESDLInitSch;j, — 5+ DRRDL;},, < Z ESDL;;,; < ESDLInitSch;;, + 5 URRDL,,,

feffb

Constraints for Pseudo-Units
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4.4.26 For a pseudo-unit, its RT LOC EOP for energy for the dispatchable region and
duct firing region shall be less than or equal to the respective maximum
capabilities for those regions for interval i € I and bus b € BPSU:

ESDGi,b,k < MCUCDRL:,b

kexPR

ESDGi,b,k < MQXDFi’b

DF

4.4.27 For a pseudo-unit, the sum of its RT LOC EOP for energy and the RT LOC EOP s
for all classes of operating reserve shall be less than or equal to the sum of the
maximum capabilities for its dispatchable region and duct firing region for
interval i €land bus b € BPSY

ESDG,p . + Z ESDG,p 1. + Z ES10SDG,, . + z ES10NDG;

DR DF N
ke[, kekp) keKQDS keKp
+ Z ES3ORDGin‘k S MCUCDRLb + MQXDFL"b
30R
REK;p

4.4.28 For a pseudo-unit that cannot provide ten-minute operating reserve in from its
duct firing region, the following constraint shall apply:

Z ESDGy . + Z ES10SDG,, 1, + Z ES10NDG; ), < MINQDG, + QDR;

kEK[, keKEDS kek N
4.5 Outputs
4.5.1 The RT LOC EOP s used for settlement for energy and operating reserve for all

resources except pseudo-units for each hour of the dispatch day shall be the
sum of each RT LOC EOP variable determined by the objective function in section
4.3 for that resource, subject to constraints in section 4.4 applicable for that
resource determined as follows:
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DGEnergyEOP/{¢ = Z ESDG;

keKE,

DG1O0NEOP[)¢ = Z ES10NDG; p i

10N
keK; )

DLEnergyEOP}¢ = Z ESDL;;

JEJ'l,b

DL1ONEOP}C = Z ES10NDL;, ;

= 110N
J€lip

DIEnergyEOPLOC = Z ESDI,

E
kekE,

DI1ONEOPLC = z ES10NDI; p g

10N
KEKE

DXEnergyEOPH¢ = z ESDX;),

fefl,b

DXlONEOPwC Z ES10NDX

s= 710N
J€lip

i,b,j

DG10SEOPLC = Z ES10SDG,

108
keK}D

DG30REOPH = Z ES30RDG; 1.

30R
4’((51(1-’,7

DL10SEOPL2¢ = Z ES10SDL

T0S
JElip

ib,j

DL30REOPLOC = Z ES30RDL;

;= 130R
JE€Iip

DI30REOPHC = Z ES30RDI; p i

30R
KkeK?)

DX30REOP}C = Z ES30RDX;,, ;

30R
J€lip

4.5.2 The RT LOC EOPs for energy and operating reserve for a pseudo-unit for each
interval of the dispatch hour, which will be used for converting the RT LOC EOPs
to physical resource equivalents in accordance with sections 4.5.3 to 4.5.4, shall

be determined as follows:
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PSUMLPEnergyEOPH)® = Z ESDG;p

MLP

PSUDREnergyEOP/(¢

ESDG; p i

kekBR

PSUDFEnergyEOPE¢ Z ESDG,pk
kekbf

PSU10SEOPHC = Z ES10SDG;p

L,
1058
kek!y

PSU10NEOP}¢ = Z ES10NDG;

10N
KEK]S

PSU30REOP/¢ = Z ES30RDG;p

30R

Conversion of RT LOC EOPs for Pseudo-Units to Physical Resource Equivalents

4.5.3

4.5.4

The RT LOC EOP energy and operating reserve for a combustion turbine and
steam turbine that is associated with pseudo-unit k € {1, ..., K} in interval i shall
be determined as follows:

CTEnergyEOP;
= PSUMLPEnergyEOP{?¢ - CTShareMLP, + PSUDREnergyEOP/}?¢

- CTShareDR;,

STEnergyEOP;
= PSUMLPEnergyEOP}}¢ - STShareMLP), + PSUDREnergyEOP})¢

L

- STShareDRy, + PSUDFEnergyEOP[(¢

The RT LOC EOPs used for settlement for operating reserve for a combustion
turbine and a steam turbine that is associated with pseudo-unitk € {1, ..., K} in
interval i shall be determined as follows and in the following order for each class
of operating reserve:
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RoomDR;; = QDR;; — PSUDREnergyEOP{2¢

L

10SDR;; = min(RoomDR,; ., PSU10SEOP!¢

L
10NDR; ), = min(RoomDR; ;. — 10SDR; ;,, PSUIONEOP{¢
30RDR;;, = min(RoomDR; j — 10SDR; ;. — 10NDR, ;,, PSU30REOP}2¢

CT10SEOP;;, = 10SDR; - CTShareDR,
ST10SEOP;), = 10SDR; . - STShareDRy + (PSULONEOP;?¢ — 10SDR; ;)

CT10NEOP;; = 10NDR, - CTShareDR;

ST10NEOP; ) = 10NDR;; - STShareDR,, + (PSULONEOP/]¢ — 10NDR; ;)
CT30REOP;; = 30RDR), - CTShareDR

ST30REOP;;, = 30RDR; . - STShareDR, + (PSU30REOP{?° — 30RDR; ;)
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