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Market Rule Amendment Proposal Form

Part 1 - Market Rule Information

Identification No.: MR-00460-R00

Subject: Market Renewal Program: The Real-Time Calculation Engine
Title: Market Renewal Program: The Real-Time Calculation Engine
Nature of Proposal: [] Alteration [X] Deletion [X] Addition

Chapter: 7

Appendix: Appendix 7.3A6 (New)

Appendix 7.5 — Delete in its entirety

Sections:

Sub-sections
proposed for
amending:

Current Market Rules | December 1, 2021
Baseline:

Part 2 - Proposal History
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1.0 Draft for Stakeholder Review February 4, 2022
2.0 Draft for Stakeholder Review July 8, 2022
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Part 3 - Explanation for Proposed Amendment
Summary

Insert Text Here

Background

Insert Text Here

Discussion

Insert Text Here

Part 4 - Proposed Amendment

Note: The proposed amendments, while not shown as (redlined) changes to existing
market rules, represent entirely new sections in the market rules.
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1 Appendix 7.3A6 — The Real-Time
Calculation Engine Process

1.1 Purpose

1.1.1 This appendix describes the process used by the real-time calculation engine to
determine schedules and prices for the real-time market and real-time look-ahead
period.

2 Real-Time Calculation Engine

2.1 Real-Time Look-Ahead Period

2.1.1 The real-time look-ahead period is the time horizon of the multi-interval
optimization that includes the dispatch interval and the subsequent ten five-minute
intervals.

2.2 Real-Time Calculation Engine Pass

2.2.1 The real-time calculation engine shall execute one pass, Pass 1, the Real-Time
Scheduling and Pricing Pass in accordance with section 7, to produce real-time
schedules and locational marginal prices.

3 Information Used by the Real-Time
Calculation Engine

3.1.1 The real-time calculation engine shall use the information in section 3A.1 of
Chapter 7.
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4

4.1

Sets, Indices and Parameters Used by
the Real-Time Calculation Engine

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

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

4.1.3 B c Bdesignates the set of buses identifying dispatchable generation
resources;

4.1.4 BPLc Bdesignates the set of buses identifying dispatchable loads;

4.1.5 B"PRc Bdesignates the set of buses identifying hourly demand response
resources;

4.1.6 B" c BP¢ designates the subset of buses identifying dispatchable hydroelectric
generation resources,

4.1.7 BMPY c Bdesignates the set of buses identifying non-dispatchable generation
resources,

4.1.8 BNeBid ¢ B designates the set of buses identifying dispatchable loads with no bid
for energy;

4.1.9 BNeoferc B designates the set of buses identifying generation resources with no
offer for energy;

4.1.10 BNOWDFc pPSU designates the subset of buses identifying pseudo-units that
cannot provide fen-minute operating reserve from the duct firing region;

4.1.11 BN c BPC designates the subset of buses identifying dispatchable non-quick
start resources,

4.1.12 BV c BN designates the subset of buses identifying pseudo-units;

4.1.13 BRECC Bdesignates the set of internal buses in operating reserve region
€ ORREG,

4.1.14 BgT c BV designates the subset of buses identifying pseudo-units with a share of
steam turbine p € PST.
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4.1.15 B"¢c BPC designates the subset of buses identifying dispatchable variable
generation resources,

4.1.16 Cdesignates 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 intertie zones;

4.1.18 DREGc 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 € A4;

4.1.20 DI< D designates the subset of 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 € A;

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 intertie zone buses identifying boundary entity
resources that correspond to export bids in intertie zone a € A;

4.1.24 Fdesignates the set of facilities 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 7 as determined by a preceding security assessment function iteration;

4.1.26 F;. < Fdesignates the set of facilities whose post-contingency limit for
contingency c is violated in interval i as determined by a preceding security
assessment function iteration;

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 fb designates the set of bid laminations for energy at b € BPL for interval /€ [,

4.1.29 /}25 designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b € BPL for interval 1€ [
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4.1.30 /}2” designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € B’ for interval /€ [,

4.1.31 /ng designates the set of offer laminations for thirty-minute operating reserve at
bus b € B for interval /1€ I

4.1.32 KID = be designates the set of offer laminations for energy corresponding to the

BPS U

duct firing region of a pseudo-unit at bus b € in interval 7€ /;

4.1.33 KfR c be designates the set of offer laminations for energy corresponding to the

BPS U

dispatchable region of a pseudo-unit at bus b € in interval /€ [,

4.1.34 be designates the set of offer laminations for energy at b € B"P¢ u BP¢ for
interval /1€ [

4.1.35 Kf;'/,[,LP c be designates the set of offer laminations for energy corresponding to the
minimum loading point region of a pseudo-unit at bus b € BV in interval /€ I,

4.1.36 1(11;25 designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b € B¢ for interval /€ [

4.1.37 1(}2” designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BP¢ for interval J € .

4.1.38 Kfng designates the set of offer laminations for thirty-minute operating reserve at
bus b € B for interval j € I,

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

4.1.40 LVIRTC [ designates the buses contributing to the virtual zonal price for virtual
transaction zone m € M,

4.1.41 L}PLC L designates the buses contributing to the zonal price for non-dispatchable
load zone y € Y,

4.1.42 M designates the set of virtual transaction zones;
4.1.43 PST designates the set of steam turbines offered as part of a pseudo-unit;

4.1.44 Ydesignates the non-dispatchable load zones in Ontario.
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4.2 Market Participant Data Parameters

4.2.1

4.2.2

Page 7 of 83

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

4.2.1.1

4212

4.2.13

FNDG;, designates the fixed quantity of energy scheduled for interval
i€ [

PNDG;}, . designates the price for the maximum incremental quantity of
energy in interval 7€ /in association with offer lamination k€ Kf ; and

QNDG;}, i designates the maximum incremental quantity of energy that
may be scheduled in interval 7 € /in association with offer lamination
ke K%,

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

4221

4222

4223

4224

4.2.2.5

4226

42.2.7

4228

DRRDG,}, , for w€ {1,.,NumRRDG,,} designates the-maxirrumm 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;y, .

NumRRDG;;, designates the number of ramp rates provided for interval
i€ [

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

PDG;}, . designates the price for the maximum incremental quantity of
energy in interval 7 € /in association with offer lamination k€ Kf ;

P10SDG;,  designates the price for the maximum incremental quantity
of synchronized ten-minute operating reserve in interval 7/ € /in

association with offer lamination k€ K10°;

P1ONDG;,,  designates the price for the maximum incremental quantity
of non-synchronized ten-minute operating reserve in interval 7 € /in

association with offer lamination k€ Kjp";

P30RDG;, ; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in interval 7 € /in association with
offer lamination kK € K;’ZOR;

@DG;}, i designates the maximum incremental quantity of energy above
the minimum loading point that may be scheduled in interval /€ /in
association with offer lamination k€ Kf ;
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4229

4.2.2.10

42211

42212

42213

4.2.2.14

4.2.2.15

Q105DG;y,  designates the maximum incremental quantity of
synchronized ten-minute operating reserve in interval 7 € /in association
with offer lamination k € ,1;25 ;

Q10NDG;,  designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve in interval 7 € /in association
with offer lamination & € 1(11;21\’ ;

@30RDG,; . designates the maximum incremental quantity of thirty-
minute operating reserve in interval / € /in association with offer

lamination k€ LgR;

RLP30R;, designates the reserve loading point for thirty-minute
operating reserve in interval 1 € [,

RLP10S;;, designates the reserve loading point for synchronized fen-
minute operating reserve in interval / € [,

RmpRngMaxDG;,,,,, for we {1,.,NumRRDG;,} designates the w™ ramp
rate break point for interval 7/ € /,

URRDG;p, ,, for we€ {1,.,NumRRDG,} designates the maximum-ramp
rate in MW per minute at which the resource can increase the amount of
energy it supplies in interval 7 € /while operating in the range between
RmpRngMaxDG,, ., 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 € BNOS:

4231

MinQDG), designates the minimum loading point indicating the minimum
output at which the resource must be scheduled except for times when
the resource is starting up or shutting down.

4.2.4 With respect to a dispatchable hydroelectric generation resource identified by bus

be B"E.
4.2.4.1

(ForL;p, y,ForUy;,,) 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 ForL,,, , and ForU;,,, for all
we {1,.,NFor;,}.

4.2.5 With respect to a pseudo-unit identified by bus b € BV
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4.2.5.1

STShareMLP, designates the steam turbine share of the minimum
loading point region; and
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4.2.5.2

STShareDR,, designates the steam turbine share of the dispatchable
region.

4.2.6 With respect to a generation resource with no offer for energy identified by bus

be BNOOffer:

4.2.6.1

FNOG;, designates the fixed quantity of energy scheduled for injection
for interval 7 € /determined by the /ESO's energy management system.

4.2.7 With respect to a dispatchable load identified by bus b € BP~:
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4.2.7.1

4.2.7.2

4273

4.2.7.4

4.2.7.5

4.2.7.6

4.2.7.7

4.2.7.8

4.2.7.9

4.2.7.10

DRRDL;}, ,, for we€ {1,.,NumRRDL;;} designates the-maximum 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;}, ., and RmpRngMaxDL;, ,;

NumRRDL;, designates the number of ramp rates provided for interval
i€ [

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

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

energy in interval 7€ /in association with bid lamination j € ]fb;

P1ONDL;,,; designates the price for the maximum incremental quantity
of non-synchronized ten-minute operating reserve in interval 7 € /in
association with offer lamination j€ /}p";

P10SDL;,; designates the price for the maximum incremental quantity of
synchronized ten-minute operating reserve in interval 7 € /in association

with offer lamination j € ]}25;

P30RDL;;; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in interval 7 € /in association with
offer lamination j € /1?2}3;

@DL;,,; designates the maximum incremental quantity of energy that
may be scheduled in interval 7 € /in association with bid lamination

‘e .
J € Lb>

QDLFIRM,;, designates the quantity of energy that is bid at the maximum
market clearing price in interval 1€ /;

Q10NDL,;,,; designates the maximum incremental quanity of non-
synchronized fen-minute operating reserve that may be scheduled in

interval 7 € /in association with offer lamination j € /%2” ;
Public IMO_FORM_1087v13.00

REV-21-06



4.2.8

4.2.9

4.2.7.11

4.2.7.12

4.2.7.13

4.2.7.14

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

4.2.8.1

With respect to a dispatchable load with no bid for energy at bus b €

4.2.9.1

@108DL;,; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in
interval 7 € /in association with offer lamination j € /}25;

@30RDL;;; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in interval 7€ /in
association with offer lamination j € /ng;

RmpRngMaxDL;y, , for we {1,.,NumRRDL,,} designates the w" ramp
rate break point for interval 7/ € /,

URRDL;}, ,, for w€ {1,.,NumRRDL,} designates the maximum-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.

BHDR.
FHDR;, designates the fixed schedule of energy consumption for

interval 7 € /determined by the activation of the hourly demand response
resource.

BNoBid:
FNBL;, designates the fixed quantity of energy scheduled for

consumption for interval 7 € /determined by the IESO's energy
management system.

4.2.10 With respect to a boundary entity resource import at intertie zone bus d € DI,
where the locational marginal price represents the price for the intertie metering
point and its fixed schedules are the most recent interchange schedules:
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4.2.10.1

4.2.10.2

4.2.10.3

4.2.104

FIGPrc; 4 designates the fixed quantity of energy scheduled to import for
interval 7 € /and used for calculating locational marginal prices;

FIGSch; ; designates the fixed quantity of energy scheduled to import for
interval 7€ /and used for determining schedules;

F10NIGPrc; ; designates the fixed quantity of non-synchronized fen-
minute operating reserve scheduled for interval 7 € /and used for
calculating locational market prices;

F10NIGSch, ; designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for in interval 7 € /and used for
determining schedules;
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4.2.10.5

4.2.10.6

F30RIGPrc; 4 designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7 € /and used for calculating locational
marginal prices; and

F30RIGSch; ; designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7 € /and used for determining schedules.

4.2.11 With respect to a boundary entity resource export at intertie zone bus d € DX,
where the locational marginal price represents the price for the intertie metering
point and its fixed schedules are the most recent interchange schedules:

4.2.11.1

42.11.2

42113

4.2.11.4

4.2.11.5

4.2.11.6

FXLPrc;, designates the fixed quantity of energy scheduled to export for
interval 7€ /and used for calculating locational marginal prices;

FXLSch; ; designates the fixed quantity of energy scheduled to export for
interval 7€ /and used for determining schedules;

F10NXLPrc; ; designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for interval 7 € /and used for
calculating locational marginal prices;

F10NXLSch; ; designates the fixed quantity of non-synchronized zen-
minute operating reserve scheduled for interval 7 € /and used for
determining schedules;

F30RXLPrc;, designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7 € /and used for calculating locational
marginal prices; and

F30RXLSch; ; designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7 € /and used for determining schedules.

4.3 IESO Data Parameters

4.3.1

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 € 1.

4.3.2 Variable Generation Tie-Breaking
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4321

4322

NumVG; designates the number of variable generation resources in the
daily dispatch order for interval 7 € [, and

TBM;, € {1,.,NumVG;} designates the tie-breaking modifier for the
variable generation resource at bus b € B" for interval /€ I
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4.3.3 Operating Reserve Requirements

434
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433.1

43.3.2

4333

4334

4335

4.3.3.6

4.3.3.7

43.3.8

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

REGMin10R;, designates the minimum requirement for total fen-minute
operating reserve in region r € ORREG in interval /€ [,

REGMin30R;, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in interval /€ [,

REGMax10R;, designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r € ORREG in interval
i€ [

REGMax30R;, designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r€ ORREG in interval
i€ [

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

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

TOT30R,designates the thirty-minute operating reserve requirement.

Resource Minimums and Maximums

43.4.1

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:

43.4.1.1 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 i at bus b € B”C;

43.4.13 MaxDL;, designates the most restrictive maximum consumption

limit for the dispatchable load in interval i at bus b € B°%;

43414 MaxDR;, designates the maximum output limit in interval 7 for the

dispatchable region of a pseudo-unit at bus b € BV,
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43.4.15 MinDG;, designates the most restrictive minimum output limit for

the dispatchable generation resource in interval i at bus b € B?C;
and

43.4.1.6  MinDL;, designates the most restrictive minimum consumption

limit for the dispatchable load in interval i at bus b € BP~.

4.3.5 Control Action Adjustments for Pricing

4.3.6

Page 13 of 83

4.3.5.1

CAAd); designates the demand adjustment required to calculate
locational marginal prices appropriately when voltage reduction or load
shedding has been implemented.

Constraint Violation Penalties for interval i € I;

4.3.6.1

4.3.6.2

4.3.6.3

4.3.6.4

4.3.6.5

4.3.6.6

4.3.6.7

(PLdViolSch;,,QLdViolSch;,,) for w€ {1,., N4y, } designate the price-
quantity segments of the penalty curve for under generation used by the
Real-Time Scheduling algorithm in section §;

(PLdViolPrc;,,@QLdViolPrc;,,) for w€ {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;

(PGenViolSch,,,QGenViolSch;,,) for w€ {1,.., Ngenyio} designate the

price-quantity segments of the penalty curve for over generation used by
the Real-Time Scheduling algorithm in section §;

(PGenViolPrc;,,QGenViolPrc,;,,) for w€ {1,.., Ngenyio;} designate the

price-quantity segments of the penalty curve for over generation used by
the Real-Time Pricing algorithm in section 9;

(P10SViolSch;,,Q10S8ViolSch,,,) for w € {1,.,N1gspjo;} 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 §&;

(P10SViolPrc;,,@Q10SViolPrc;,,) for w€ {1,.,Nygsyio} designate the
price-quantity segments of the penalty curve for the synchronized fen-
minute operating reserve requirement used by the Real-Time Pricing
algorithm in section 9;

(P10RViolSch;,, Q10 RViolSch;,,) for w€ {1,.,Nyogyio;} 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 §;
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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

(P1ORViolPrc;,, Q10 RViolPrc;,,) for w€ {1,.., N1 gyjo;} 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;,, Q30 RViolSch;,,) for we {1,.,N3gryis,} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the Real-Time Scheduling
algorithm in section §&;

(P30RViolPrc;,, 30 RViolPrc;,,) for w€ {1,.,, N30 gyj,;,} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the Real-Time Pricing algorithm
in section 9;

(PREG10RViolSch;,, QREG10RViolSch,,,) for w € {1,.., Nggeiorvior}
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 §;

(PREG10RViolPrc;,, QREG10 RViolPrc;,,) for w € {1,.,Ngggiorviol}
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;,, QREG30RViolSch,,,) for w e {1,., Nggazorvior}
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 §;

(PREG30RViolPrc;,, QREG30 RViolPrc,;,,) for w € {1,.,Nreezorvior}
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;

(PXREG10RViolSch,,, QXREG10 RViolSch;,,) for w€ {1,.., Nxggci0rviol}
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 §;

(PXREGl0RI/IOJPFCI’W,QXREGlORI/IOIPrCI,W) for we {1’"INXREG'10RVI'OII'}
designate the price-quantity segments of the penalty curve for area total

ten-minute operating reserve maximum restrictions used by the Real-
Time Pricing algorithm in section 9;
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4.3.7
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4.3.6.17

4.3.6.18

4.3.6.19

4.3.6.20

4.3.6.21

4.3.6.22

4.3.6.23

(PXREG30RViolSch,,, QXREG30 RViolSch;,,) for w€ {1,.., Nxgge30rviol}
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 §;

(PXREG30RViolPrc;,, QXREG30 RViolPrc;,,) for w € {1,., Nxrpezorvion}
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;

(PPrelTLViolSchy;,, QPrelTLViolSchy;,,) for w€ {1,.. Nprerryviol,,}

designate the price-quantity segments of the penalty curve for exceeding
the pre-contingency limit of the transmission constraint for facility f€ F
used by the Real-Time Scheduling algorithm in section 8§;

(PPrelTLViolPrcg;,, QPrelTLViolPrcy;,,) for w€ {1,., Nprerriviol,,}

designate the price-quantity segments of the penalty curve for exceeding
the pre-contingency limit of the transmission constraint for facility f€ F
used by the Real-Time Pricing algorithm in section 9;

(PITLViolSch, gy, QITLViolSchg;,,) for w€ {1,..,Nypyy,, .} designate
the price-quantity segments of the penalty curve for exceeding the
contingency ¢ € C post-contingency limit of the transmission constraint

for facility f€ Fused by the Real-Time Scheduling algorithm in section
8;

(PITLViolPrc, sy, QITLVioIPre sy, for we {1,.,Nirp o, .} designate
the price-quantity segments of the penalty curve for exceeding the
contingency ¢ € Cpost-contingency limit of the transmission constraint

for facility f€ Fused by the Real-Time Pricing algorithm in section 9;
and

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

Price Bounds

43.7.1

4.3.7.2

4.3.7.3

43.74

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

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

ORPrcFlir designates the minimum price for all classes of operating
reserve and is equal to $O/MW.
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4.3.8 Weighting Factors for Zonal Prices

4.3.8.1

4.3.8.2

WF}ZR,JT designates the weighting factor for bus b€ LR used to
calculate the price for virtual transaction zone m € M for interval 7 € /
and shall be equal to the weighting factor used in the day-ahead market

for the applicable hour;

WF}}5 designates the weighting factor for bus b€ Ly used to
calculate the price for non-dispatchable load zone y € Y for interval i € /
and shall be obtained by renormalizing the load distribution factors so

that the sum of weighting factors for a non-dispatchable load zone and for a

given interval is one.

4.4 Other Data Parameters

4.4.1

4.4.2

443

Page 16 of 83

Non-Dispatchable Demand Forecast

44.1.1

FL; designates the five-minute province-wide non-dispatchable demand
forecast for interval 7 € /calculated by the security assessment function.

Internal Transmission Constraints

4421

4422

4423

4424

PreConSF; ¢, designates the pre-contingency sensitivity factor for bus
b € B U Dindicating the fraction of energy injected at bus b which flows
on facility fduring interval 7under pre-contingency conditions;

AdjNormMaxFlow;;designates the limit corresponding to the maximum
flow allowed on facility fin interval i under pre-contingency conditions;

SF; . rp designates the post-contingency sensitivity factor for bus

b € B U Dindicating the fraction of energy injected at bus b which flows
on facility fduring interval 7under post-contingency conditions for
contingency c; and

AdjEmMaxFlow, . rdesignates the limit corresponding to the maximum
flow allowed on facility fin interval junder post-contingency conditions
for contingency c.

Transmission Losses

443.1

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
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4432  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€ B U Din interval /€ /.

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 2.2.1 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 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 Inthe event of a network split, the real-time calculation engine shall:
5.3.1.1  only evaluate resources that are within the main island,
5.3.1.2  use only forecasts of demand forecast areas in the main island; and

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.

54 Variable Generation Tie-Breaking

5.4.1 For each interval / € /, each variable generation resource bus b € B"? and each

offer lamination k€ K‘,E , the offer price PDG;,; shall be updated to PDG;, -
( TBM;

Num VG) 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 the minimum and maximum
constraints on physical resources shall be determined in accordance with section 10.
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5.6 Initial Scheduling Assumptions

5.6.1
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Initial Schedules

5.6.1.1 Initial energy schedules shall be based on the values deteremined by the
IESO’s energy management system and the schedules from the previous
real-time calculation engine run, where:

5.6.1.1.1

5.6.1.1.2

5.6.1.1.3

5.6.1.14

5.6.1.1.5

5.6.1.1.6

RTDLTel, ; designates the energy management system MW value
for the dispatchable load at bus b € B°;

SDLSchy'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 real-time calculation engine
run;

RTDGTel j, designates the energy management system MW value
for the dispatchable generation resource at bus b € B¢,

SDGSch’%" 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;

SDLPrcl's" designates the schedule determined for the

dispatchable load at bus b € B’ by the Real-Time Pricing
algorithm in section 9, of the previous real-time calculation engine
run; and

SDGPrc{¢” 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.

5.6.1.2  For the dispatchable load at bus b, the intitial schedule, SDLInitSchy p,
for the Real-Time Scheduling algorithm in section 8, shall be determined
as follows:

5.6.1.2.1

5.6.1.2.2

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 p;

Step 2: Calculate 7e/Downy ;, using the submitted down ramp rates
and break points to determine the minimum consumption level the
dispatchable load can achieve in five minutes from R7TDLTel , p;
and
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5.6.1.2.3  Step 3: If the schedule from the previous real-time calculation

5.6.1.3

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 ;, < SDLSch)’s” < TelUp, p, then set
SDLInitSch, = SDLSchy's"

If SDLSchy's” < TelDown, , then set
SDLInitSchy , = TelDowny p,

Otherwise, set SDLInitSchy , = TelUp, p.

For the dispatchable generation resource at bus b, the intitial schedule,
SDGInitSchy 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 R7DGTel p;

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

5.6.14

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 , < SDGSChgr;V < TelUp,  then sct
SDGInitSchy , = SDGSCbgrE'V

If SDGSC]}O%EV < TelDowny j, then set
SDGInitSchy , = TelDown p,

Otherwise, set SDGInitSchy ,= TelUp p.

For the dispatchable load at bus b, the intitial schedule, SDLInitPrc, ,
for the Real-Time Pricing algorithm in section 9, shall be determined as
follows:

If SDLSchy's” < SDLPrcgy” < SDLInitSch , or

SDLInitSchy , < SDLPrc{”< SDLSch)'s”, then set
SDLInitPrc, ,= SDLInitSchy p;
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Otherwise set SDLInitPrc,, = SDLPrcyy,".

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)’s" < SDGPrcf's" < SDGInitSchy, or
SDGInitSchy , < SDGPrcls” < SDGSchy's" then set
SDGInitPrcy , = SDGInitSchy p;

Otherwise set SDGInitPrc, , = SDGPrc,".

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 € BN
and interval 7 € /shall be based on the following parameters that are
determined based on observed resource operation as well as confirmed
start-up and shutdown times:

5.6.2.1.1

5.6.2.1.2

5.6.2.13

5.6.2.14

5.6.2.1.5

AtZeroy;, € {0,1}, which designates that the resource is scheduled
to be offline;

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;

AtMLPF, ;€ {0,1}, which designates that the resource is scheduled to
operate at or above its minimum loading point due to a minimum

generation constraint or the resource shutdown has yet to be
confirmed by the /ESO,

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 /ESO, 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

SD;;, € {0,1}, which designates that the resource must be
scheduled on its shutdown trajectory. This input may indicate an
upcoming mandatory shutdown or that the resource has already
started ramping down.

5.6.2.2  For all parameters in section 5.6.2.1:
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AtZEI'OI;b + SUI;b +AtMLEb + EVHJSDI;b + SDl;b =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 facilities that are registered as pseudo-units.

6.2 Inputs into the Security Assessment Function

6.2.1 The security assessment function shall use the following inputs:
6.2.1.1  the IESO demand forecasts; and
6.2.1.2  applicable /ESO-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 quantity, FL;, using demand forecasts for demand
forecast areas, the /ESO’s energy management system MW quantities and the
scheduled quantities from the previous real-time calculation engine run as follows:

6.3.1.1 sum the /ESO five-minute demand forecasts for demand forecast areas;
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6.3.1.2

6.3.1.3

6.3.14

subtract the expected consumption of all physical hourly demand
response resources,

subtract the expected consumption of all virtual hourly demand response
resources; and

subtract the expected consumption of all dispatchable loads.

6.3.2 The security assessment function shall perform the following calculations and
analyses:
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6.3.2.1

6.3.2.2

6.3.23

6.3.2.4

6.3.2.5

6.3.2.6

6.3.2.7

6.3.2.8

A base case solution function shall prepare a power flow solution for
each interval in the real-time look-ahead period. The base case solution
function shall select the power system model state applicable to the
forecast of conditions for the interval and input schedules.

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

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

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

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

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

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

The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each interval.
The impact of losses on branches between the resource bus and the
resource connection point to the IESO-controlled grid and losses on
branches outside Ontario shall be excluded when determining marginal
loss factors.
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6.3.2.9

6.3.2.10

6.3.2.11

The real-time calculation engine shall use a set of fixed marginal loss
factors for each dispatch hour. The same set of fixed marginal loss
factors shall apply to all five-minute intervals that fall in the dispatch
hour. The set of fixed marginal loss factors for each dispatch hour shall
be determined based on the marginal loss factors calculated in the
previous hour by the Real-Time Scheduling algorithm in section 8 of the
real-time calculation engine.

The marginal loss factors for the advisory intervals that fall in the hour
following the dispatch hour shall be determined based on the fixed
marginal loss factors for the dispatch hour described in section 6.3.2.9
and the marginal loss factors calculated by the Real-Time Scheduling
algorithm in section 8 of the previous real-time calculation engine run.

The Real-Time Scheduling and Real-Time Pricing algorithms in sections
8 and 9, respectively, shall use the same set of marginal loss factors.

6.4 Outputs from the Security Assessment Function

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

6.4.1.1

6.4.1.2

6.4.1.3
6.4.1.4
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a set of linearized constraints for all violated pre-contingency and post-
contingency limits for each interval. The sensitivities and limits
associated with the constraints shall be those provided by the most recent
security assessment function iteration;

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

the marginal loss factors as described in sections 6.3.2.8 — 6.3.2.11; and

loss adjustment quantity for each interval.
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7  Pass 1: Real-Time Scheduling and
Pricing

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

e the Real-Time Scheduling algorithm described in section 8;

e the Real-Time Pricing algorithm described in section 9;

8 Real-Time Scheduling

8.1 Purpose

8.1.1 The Real-Time Scheduling algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data submitted by
registered market participants or where applicable, the reference level values for
financial dispatch data parameters mitigated in previous pre-dispatch calculation
engine runs in accordance with Appendix 7.2A, section 14.7,to meet the /ESO’s
province-wide non-dispatchable demand forecast and IESO-specified operating
reserve requirements for each interval of the real-time look-ahead period.

8.2 Information, Sets, Indices and Parameters

8.2.1 Information, sets, indices and parameters used by Real-Time Scheduling
algorithm are described in sections 3 and 4.

8.3 Variables and Objective Function

8.3.1 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 load
scheduled at bus b € B”* in interval i € /in association with lamination
JE Jiv)

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€ BP in interval / € /in association with lamination j € /)%
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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

atbus b € B’ in interval / € /in association with lamination j € /}p";

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 € B’ in
interval 7 € /in association with lamination j € /ng;

8.3.1.5  SNDGjj ., which designates the amount of energy that a non-

BNDG

dispatchable generation resource scheduled at bus b € in interval

i € I1in association with lamination k€ K‘IE ;

8.3.1.6  SDG; ., which designates the amount of energy that a dispatchable
generation resource is scheduled at bus b € B”¢ in interval i € /in
association with lamination kK€ K,E ;

8.3.1.7  S108DG; ., which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € BC in interval 7 € /in association with lamination
10S.
k€ K;p;

1

8.3.1.8  S10NDG;} s, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus # € B”¢ in interval i € /in association with

lamination k€ K})%;

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 € BPY in interval /€ [in association with lamination k € ,;g"’;

8.3.1.10  SCT;;, which designates the schedule of the combustion turbine
associated with the pseudo-unit at bus b € BV in interval /€ I,

8.3.1.11 SS7;,, which designates the schedule of steam turbine p € PST'in
interval /1€ [

8.3.1.12 TB, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in interval 7 € / as described in section
8.3.2.1; and

8.3.1.13  ViolCost; which designates the cost incurred in order to avoid having
the schedules violate constraints for interval 7 € [, as described in section
8.3.2.3.
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8.3.2 The objective function for the Real-Time Scheduling algorithm shall maximize
gains from trade by maximizing the following expression:

Z (0bjDL; — ObjNDG; — ObjDG; — TB; — ViolCost;)

i=1‘.n;
where:
0bjDL;
Z SDL;y ;- PDL;p; — Z S10SDL;p ; - P1OSDL;p ; —
B J €Ity A3 el
pEBDL Z S10NDL;y, ;- PYONDL; , ; — Z S30RDL;p, ; - P3ORDL; p, ;
jelipy j€rip®
ObjNDG; = Z z SNDG; - PNDG; 1 |
bEBNPC \ ekf,
and

z SDG;p i - PDGjipp + z S10SDG;py - P10SDG; o +

keKE, keK}pS

0bjDG; =
vi5Be Z S10NDG; s - PLONDG;  + Z S30RDG; ;i - P3ORDG; 1 x

10N 30R
kEKj}, KEK)

8.3.2.1  The tie-breaking term ( 75;) shall sum a term for each bid or offer
lamination. For each lamination, this term shall be the product of a small
penalty cost and the quantity of the lamination scheduled. The penalty
cost shall be calculated by multiplying a base penalty cost of 75Pen by
the amount of the lamination scheduled and then dividing by the
maximum amount that could have been scheduled. That is:

TB; = TBDL; + TBNDG; + TBDG,;

where:
Z (SDLi,,)’ - TBPen N Z (S10SDL; ;)" - TBPen N
i QDL L Q10SDL;, ;
J€lip J€lip
TBDL; = Z
i 2 2
b, ((SlONDL,v__b_j) -TBPen)+ ((SBORDLH,U;) -TBPen)
10NDL; , ; 30RDL; ), ;
i E];‘g” Q 1,b,j j E}EER Q i,b,j
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2
SNDG; -TBP
TBNDG; = (( ;\’;;2} en) ;
bésoe \ert, Q ibk
and
Z (SDGyy )" - TBPen N Z (S10SDG,, )" - TBPen N
QDG p ke Q10SDG; p
keKE, . kek}PS "
TBDG; = , ,
v he (S10NDG; ;) - TBPen N (S30RDG; )" TBPen
Q10NDG; p Q30RDG;p
kekipY w kEKFPR 2

8.3.2.2  ViolCost; shall be calculated for interval i € /using the following
variables:

8.3.2.2.1 SLdViol;,,, which designates the violation variable
affiliated with segment w € {1,.., N4y} 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,.., Nge,pio} of the penalty
curve for the energy balance constraint allowing over-
generation;

8.3.2.2.3 S510S8Viol; ,,, which designates the violation variable
affiliated with segment w € {1,.., Ny g0} 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 w € {1,.., Ny gy} 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 w € {1,.., N30 zy;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
affiliated with segment w € {1,.., Ngge10zvio} Of the
penalty curve for violating the area total ten-minute
operating reserve minimum requirement in region
r€ ORREG,
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8.3.2.2.7

8.3.2.2.8

83.2.29

8.3.2.2.10

8.3.2.2.11

SREG30RViol,;,, which designates the violation variable
affiliated with segment w € {1,.., Ngge30rvios} OF the

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

SXREG10RViol,;,, which designates the violation
variable affiliated with segment w € {1,.., Nxzgei0rvior} OF

the penalty curve for violating the area total fen-minute
operating reserve maximum restriction in region
€ ORREG,

SXREG30RViol,;,, which designates the violation
variable affiliated with segment w € {1,.., Nxzgez0rvior} OF
the penalty curve for violating the area thirty-minute

operating reserve maximum restriction in region
€ ORREG,

SPrelTLVioly;,, which designates the violation variable
affiliated with segment w€ {1,.., Nprerrvio,;} of the

penalty curve for violating the pre-8-contingency
transmission limit for facility f€ F, and

SITLViol,g;,, which designates the violation variable
affiliated with segment w€ {1,.,Ny7, ;o .} of the penalty

curve for violating the post-contingency transmission
limit for facility f€ Fand contingency c€ C.

8.3.2.3  ViolCost;shall be calculated as follows:
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ViolCost, = z SLdViol,,, - PLdViolSchy,,

w=1.Npavioy;

- z SGenViol,,, - PGenViolSch,,,

w=1.Ngenviol

n z $10SViol,,, - P10SViolSch,,

w=1.N1osviol;

n z S10RViol,,, - P10RViolSch,,,

w=1.N1oRViol;

n z S30RViol,,, - P30RViolSch,,,

w=1.N3oRViol;

n z 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 2 SPrelTLViolg,,, - PPrelTLViolSchy,,,

fEF; \W=1.NprerrLviois,

+ Z Z SITLViol, ;,,, - PITLViolSch, ., |
¢EC fEFic \W=1.NrTLViol f,
8.4 Constraints

8.4.1 The Real-Time Scheduling algorithm optimization function shall apply the
constraints described in sections 8.5 — 8.7.

8.5 Dispatch Data Constraints Applying to Individual Intervals

8.5.1 Scheduling Variable Bounds

8.5.1.1  No schedule shall be negative, nor shall any schedule exceed the quantity
offered for energy and operating reserve respectively. Therefore:
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0 <SDL;s;< ODL,,, forall be B, j€ [ty

0= S105DL;,,; < Q1OSDLy,, for all b€ B, j€ Ji0°;

0= S10NDL;,; < QIONDL, ), for all b€ B2, je 1OV

0 < S30RDL;;,; < Q30RDLy,; forall b€ B, je B/

0 < SNDG, ;. < QNDGyy, for all b€ BVPS, k€ K%,

0 < 5DG i < QDG forall b€ B, k€ K

0 < S105DGy ;. < QLOSDGy for all b€ B¢, ke Ki9%;

0 < S1IONDGp i < QLONDG for all b€ B?S, ke Ki9"; and
0 = S30RDGy < QBORDG,, forall b€ BC, k€ K308

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, and offer laminations k € K}

0 < SDG;p,; < (1-AtZero,;;) QDG

8.5.1.3 A non-quick start resource cannot provide operating reserve unless it is
scheduled at or above its minimum loading point. Therefore, for all
intervals 7 € Jand non-quick start resource buses b € BNO*:

0 < S10SDGyy < (AtMLP,,, + EvalSD,}) - Q10SDG, . for all k € K0S
0 <S10NDG,,, < (AtMLP,; + EvalSD,,) - Q10NDG,,, forallk € K:3": and
0 < S30RDG,,, < (AtMLP;;, + EvalSD,,) - Q30RDG, for all k € K3R.

8.5.2 Resource Initial Conditions

8.5.2.1  The initial schedule for a dispatchable load at bus b € BP" shall be fixed
to the resource initial schedules. For all dispatchable load buses b € B~

SDLy,; = SDLInitSchy,,

I€Tgp

8.5.2.2  The initial schedule for a dispatchable generation resource at bus b €
BP¢ shall be fixed to the resource initial schedules. For all dispatchable
generation resource buses b € B¢
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SDGo, ) = SDGInitSchy,

kEKyp

8.5.3 Resource Minimums and Maximums for Energy
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8.5.3.1 A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for an interval. For all intervals
/€ [and all buses b € B”":

MinDL;;, < SDL;y, ; = MaxDL,,.
J€Tin

8.5.3.2  The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all intervals 7€ 7and all buses b € B~

SDL,,,; = QDLFIRM, .
JElip
8.5.3.3  The non-dispatchable generation resources shall be scheduled to the

fixed quantity determined by their observed output. For all intervals 7/ € /
and all buses b € BVPC;

SNDGin_k = FNDGi_b.
kEKp

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

8.5.3.4.1 For all intervals 7€ 7/and all buses b € BC,

min(MaxDG,,, FG;,) if b € BVG

AdjMaxDG,, = {MaxDGi,b otherwise

and

AdjMinDG,;, = HH}}(MEHDQ »AdiMaxDG; b)-
8.5.3.4.2 For all intervals 7 € /and all buses b € BPC:
AdjMinDG;;, < Z SDG; . = AdjMaxDG,,.

kEKY,
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8.5.3.5

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 /ESO. For all
non-quick start resource buses b € BV?S and intervals i € [

Z SDGi,b.k = AtMLPLb " MinQDGb.
kEKI.b

8.5.4 Operating Reserve Requirements

8.54.1

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

8.54.2

8.5.4.3
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considering minimum load consumption constraints.

These restrictions shall be enforced by the following constraints for all
intervals i € /and all buses b € BP%:

S10SDL,, , + Z S10NDL,, ; + z S30RDL,,; < 30 - ORRDL,;

; . oN . 20R
JEJESS }Efgl,b JElip

S10SDL,, , + z S10NDL, , ; + z S30RDL,,; < Y SDL,,; — QDLFIRM,;
jesip® jerip” JEIp" J€lip

and

S10SDL,, ; + z S10NDL,; + z S30RDL,,,; < Z SDL,; — MinDL, .
20R

: . 10N .
JEIRS i&lip i&lip JE€Iip

The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load 1s 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 /€ /and all buses b € B~

[}

SlUSDLibJ,-I- Zb SlUNDLibjE 10-ORRDL,,.
. Sos ’ “Thw o
J€lp J€lip
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8.5.4.4  The total operating reserve scheduled from a dispatchable generation
resource shall not exceed the resource’s ramp capability over 30
minutes, its remaining capacity, and its unscheduled capacity. These
restrictions shall be enforced by the following constraints for all intervals
/€ Tand all buses b € B¢

S10SDG; p x + Z S10NDG; . + Z S30RDG; . = 30 - ORRDG,,;

108 10N 30R
kEK; Yy KEK|}, KEK[}

S10SDG; . + Z S10NDG; . + Z S30RDG; , 1

keK}pS ket keKp"
= z (QDG;px —SDGi ) ;
keKE,
and
Z S10SDG; 1 + Z S10NDG; . + z S30RDG bk
keK}S keK N kEKFPR
< AdjMaxDG;,, — z SDG; 1!
keKD,

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 /€ /and all buses b € 5P

S10SDG; 1, 1 + Z S10NDG; , < 10 - ORRDG,,.

108 10N
KEK|}, kEK;},

8.5.4.6  The amount of synchronized fen-minute operating reserve that a
dispatchable generation resource is scheduled to provide shall be limited
by its reserve loading point for synchronized ten-minute operating
reserve. This restriction shall be enforced by the following constraint for
all intervals 7€ /and all buses b € B”“ with RLP10S;, > 0:
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S10SDG; 1 &

keEKEDS
< z SDG !
B ok |\ RLP10S;,

E
KEK;),

min4 10 - ORRDG,, Z Q10SDG; p, &

105
REK;

8.5.4.7  The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its
reserve loading point for thirty-minute operating reserve. This restriction
shall be enforced by the following constraint for all intervals 7€ /and all

buses b € B”C with RLP30R,;, >0:

S30RDG;

kekPR
1
< Z SDGipi || =—=—=—
" RLP30R;

E
kEKih

min<{ 30 - ORRDG,, Z Q30RDG; j &
keKFPR

8.5.5 Pseudo-Units

8.5.5.1 A constraint shall be required to calculate physical generation resource
schedules from pseudo-unit schedules using the steam turbine

STShareMLP,, - Z SDGipi | +

kekMLF

SSTMod;,, = Z
beBgT
STShareDR,, - Z SDGipy | + Z SDG;p

DR DF
kEKP) kEKH]

shares in the operating regions of the pseudo-unit determined in section
10. For all intervals i € /and pseudo-unit buses b € B™Y:
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SCTMod;,, = (1 — STShareMLP,) - Z SDG; p 1

kek}EF
+ (1 — STShareDR,,) - z SDGipk |
kekPR

8.5.5.1.1 and for all intervals 7€ /and steam turbines p € PST:

8.5.5.2  Maximum constraints shall be enforced on the operating region to which
they apply for both energy and operating reserve schedules. For all
intervals i € /and pseudo-unit buses b € BV

z SDG; . < MaxDR;

SDGi‘ka = MQXDFi’b,

kekF
and
SDG; 1+ Zb SDGipp+ ) S10SDG;p+ > S10NDG;),
kEK R kEKT;y kek. kek oV
+ S30RDG;,, = MaxDR;, + MaxDF .
ke,

8.5.5.3  For a pseudo-unit that cannot provide ten-minute operating reserve from
its duct firing region, constraints shall limit the pseudo-unit from being
scheduled to provide ten-minute operating reserve whenever the pseudo-
unit is scheduled for energy in its duct firing region.

8.5.5.4  For the purposes of the energy balance constraint in section 8.7.1 and the
transmission constraints in section 8.7.3, the combustion turbine
schedule for the pseudo-unit at bus b € BV in interval i € I, SCT;,, shall
be equal to:

8.5.5.4.1 SCTMod; if the pseudo-unit is scheduled at or above minimum
loading point;

8.5.5.4.2 the portion of UpTraj;;, or DnTraj;;, defined in the section 8.6.2
that was allocated to the combustion turbine in accordance with
section 10.6 if the resource is ramping to or ramping from its
minimum loading point; or

8.5.5.43 0 otherwise.
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8.5.5.5

For the purposes of the energy balance constraint in section 8.7.1 and the
transmission constraints in section 8.7.3, the steam turbine schedule for
p € PST, SST,,, shall be equal to SSTMod,,, where SST;, will be
corrected to account for the contribution from pseudo-units b € By"
ramping to or ramping from minimum loading point as determined by the
allocation of UpTray;;, or DnTraj;;, in accordance with section 10.6.

8.5.6 Dispatchable Hydroelectric Generation Resources

8.5.6.1

A dispatchable hydroelectric generation resource shall be scheduled
within its forbidden region if the resource is being ramped through the
forbidden region at its maximum offered ramp capability.

8.6 Dispatch Data Inter-Interval/Multi-Interval Constraints

8.6.1 Energy Ramping

8.6.1.1

8.6.1.2

8.6.1.3

8.6.14
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disptachable loads, the ramping constraint in section 8.6.1.4 uses
URRDL to represent a ramp up rate selected based on URRDL;},,,

and uses DRRDL,, to represent a ramp down rate selected based on
DRRDL;}, .

4 are 1 RPJ)
G

atehable-toad-wh he single ramp-uprate- LRRDL; and-the
singleramp-downrate, DRRPLareused—For disptachable
generation resources, the ramping constraint in section 8.6.1.5
uses URRDG), to represent a ramp up rate selected based on
URRDG;, . and uses DRRDG), to represent a ramp down rate
selected based on DRRDG,, ..

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.

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 /€ /and buses b €
BPL:
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z SDL;_1,; —5°DRRDL, < z SDL;}, ;
J€IE 4 J€IG
< z SDL;_15j+5-URRDL,.
€I 1
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 7€ /and
buses b€ BPC:

Z SDG;_1px —5-DRRDG, = Z SDG; p, «
kEKE |}, keKp,
< Z SDG;_1 i +5-URRDG,,.
keKE |,

8.6.2 Non-Quick Start Resource Start-up and Shutdown

8.6.2.1  For all intervals in the real-time look-ahead period in which a non-quick
start resource is scheduled to start-up, such resource shall be scheduled
on a fixed ramp-up trajectory as determined by its offered ramp rates.
The ramp-up trajectory (UpTraj;,) for interval 7 € /such that SU,,=1 is
determined as follows:

8.6.2.1.1 Ifj =1, then UpTray;, shall be determined from the resource
initial schedule and the offered ramp up capability;

8.6.2.12 If/ >1and SU;, , = 0, then UpTraj;, shall be determined from
the offered ramp up capability from 0; and

8.6.2.1.3  For all intervals 7 € /such that SU;;,=1:

Z SDGI’:,b,k — UpT?‘aji’b.

E

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-updown trajectory (DnTraj;,) for interval /1€ /
such that $D;;, = 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;

8.6.222 If7>1and SD;; ;, =0, then DnTraj;, shall be MinQDG); and

Page 37 of 83 Public IMO_FORM_1087v13.00
REV-21-06



8.6.2.23 If7>1and SD;; =1, then DnTraj;, shall be determined from
the offered ramp down capability from DnTraj;, j.

8.6.2.2.4 For all intervals 7€ /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 load’s schedule for energy may modify the
amount of operating reserve that the resource can provide. For all
intervals 7 € /and all buses b € BP”:

Z S10SDL;y ; + Z S10NDL; ; + Z S30RDL; ), ;

jeIts iergy jeript
< - Z SDL;_1p; + Z SDL;},; +30-ORRDL,
JEIE 1 J€If
and

z S10SDL;y ; + z S10NDL;, ;

je€Iip® jeripy
= - Z SDL,:_L_;_,J + Z SDLier' +10- ORRDLb
JETE1b J€Ifh
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 /€ /and all buses b € 5P

S10SDG; . + Z S10NDG; . + Z S30RDG;

kEK]HS kekipN keKFPR
= Z SDGP:—LBJ}( - z SDGi,b,k + 30 . ORRDGb
keEKE kEKF,
and
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S10SDG; . + Z S10NDG;

keK}DS kekEN
=< Z SDGi—l,b,k - Z SDGi,b,k +10- ORRDGb.
kekE |, kekE,
8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance

8.7.1.1  The total amount of energy withdrawals scheduled at load bus b € Bin
interval 7 € [, With;, shall be:

Z DLy, if b e BPL

Wfthi b — }Ebe
‘ FHDR;, if b € BHDR
FNBL;, if b € BNoBid

8.7.1.2  The total amount of export energy scheduled at intertie zone bus d € DX
in interval 7 € [, With, 4, as the fixed exports from Ontario to the intertie
zone export bus shall be:

mtbl’d — FXLSC]]Ld

8.7.1.3  The total amount of injections scheduled at internal bus 4 € B, in interval
1€ I, Inj; }, shall be:

( Z SNDG; , x if b € BNPS
keKE,
jp = S Z SDG; x if b € BP¢
kEKE,
\FNOG;, if b € BNoOffer

8.7.1.4  The total amount of import energy scheduled at intertie zone bus d € DI
in interval i € /, /nj; 4, as the imports into Ontario from that intertie zone
bus shall be:

[H]};d = F[GSC[]I;(].
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8.7.1.5  Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor to reflect the losses or reduction in losses that
result when injections or withdrawals occur at locations other than the
reference bus. These loss-adjusted injections and withdrawals must then
be equal to each other after taking into account the adjustment for any
discrepancy between total and marginal losses. Load or generation
reduction associated with the demand constraint violation shall be
subtracted from the total load or generation for the real-time calculation
engine to produce a solution.

For interval 7 € [, the energy balance shall be:

FLE + Z (1 + MgELOSSi_b) " Wl.thi,b
begDLygHDR gNoBid

+ Z (1+ MglLoss, s) - With; 4 — Z sLdViol,,,
deDX W=1'-NLdVioli

= Z (1 + MglLossi’b) “Inj;,
pepNDG DG gNoOffer

+ Z (1+ MglLoss; ) - Inji g — Z SGenViol;,,
deDI W=1--NGenVioIi

+ 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 /ESO'’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 /€ /.

Z Z S10SDL,; |+ Z Z S10SDG,

bepPL \ jejtps beBDE \kexlps

+ Z §10S8Viol;,, = TOT10S;;

w=1.N1osviol;
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Z Z S10SDL,; |+ Z Z S10SDG;

DL . 5 DG 5
beB jests beB kEK]p

+ Z Z SlONDLf'bJ
beBPL jejil_gN

+ Z Z S10NDG;p ) |+ Z F10NXLSch; 4

pepDG keKiJ:gN deDX
+ Z F10NIGSch; 4 + Z S10RViol;,,
deDI w=1.N1oRViol;
= TOT10R;;
and
Z Z S10SDL;y; |+ Z Z 5105DG; bk
bepDL je]il,gs bepPE "EK&)S
+ Z z S10NDL;  ;
bepPL \ je 10N
+ Z Z S10NDG; 1 | + Z F10NXLSch; 4
beRDG kEKsl,bDN deDX
+ Z F10NIGSch; 4 + Z Z S30RDL;
deDI bepDL \ je30R
+ Z Z S30RDG; 1 | + Z F30RXLSch; 4
bepDG kEngR deDx
+ Z F30RIGSch; 4 + Z S30RViol;,,
deDI w=1.N3zoRVial,
> TOT30R;.
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8.7.2.3  The following constraints shall be applied for each interval /€ / and
each region r€ ORREG:

S10SDL;,; | + Z Z S10SDG,,

beBREGNBDL \ jelos beBREGNRDG \ ek 1PS

+ Z Z S10NDL;, ; | + Z Z S10NDG; p,
beBREGnBDL \jejipN beBREGnEDG \kekpN

+ Z F10NXLSch; 4 + z F10NIGSch; 4
depREGnpx depREGnpr

+ 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,; | + Z z S10SDG;

peBFECNBDL \ jes1os beBFECNBDE \ kek DS

+ Z Z S10NDL;p; | + Z Z S10NDG; j,
peBRECNBDL \ jestpN peBFECNBPE \kek} N

+ Z F10NXLSch; 4 + Z F10NIGSch; 4
deDRECnDpx deDRECnpi

+ Z Z S30RDL;y ; | + Z Z S30RDG; p i
beRFEGNRDL \ jefFoR beRREGNRDE \ kek iR

+ Z F30RXLSch; 4 + z F30RIGSch; 4
deDpRECnDpx daeDpRECnp;

+ Z SREG30RViol, ;,, = REGMin30R,;,;

w=1.Nrgcsorviol;

and
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Z Z S10SDLy,; | + Z Z S10SDG;
beBREGNBDL \ jeyios beBREGNBDG \ kex DS

+ Z Z S10NDL;y, ; | + Z Z S10NDG; p
beBFEGNRDL \ jestpN beBFEGNEDG \ kekfpN

+ Z F10NXLSch; 4 + Z F10NIGSch; 4

depRESnpx depRECnpy

+ Z (Z S30RDLL-‘£,J-)
beBREGNRDL \ je R

530RDGi,b,k) + Z F30RXLSch; 4

+
beBRECNBDG \ kekPDR aepRE%npx

+ Z F30RIGSch; 4
depREGnpy

- Z SXREG30RViol,.;,,

W=1..NxREG30RViol;

< REGMax30R; .

8.7.3 1ESO Internal Transmission Limits

8.7.3.1 A set of energy schedules shall be produced that do not violate any
security limits in the pre-contingency state and the post-contingency
state subject to the remainder of this section 8.7.3. The total amount of
energy scheduled to be injected and withdrawn at each bus used by the
energy balance constraint in section 8.7.1.5, shall be used to produce
these schedules.

8.7.3.2  Pre-contigency, SPrelTLViols;,, and post-contingency, SITLViol.g;
transmission limit violation variables shall allow the real-time
calculation engine to find a solution.

8.7.3.3  For all intervals i € /and facilities f € F,, the linearized constraints for
violated pre-contingency limits obtained from the security assesment
function shall take the form:
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8.7.34

PreConSF;r ), - Inj;
bEBNDG UBDGUBNDOffET

- E PreConSF;s, - With;
beBDLUBHDRUBNOde

+ Z PreConSF; ;4 Inj;q — Z PreConSF; g4

d€EDI dEDX
- With; 4 — Z SPrelTLViols; ,
W =1.NprelTLvioly ;
< 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

beBNDGUBDGUBNDOffBT‘
- Z SFI':JC,f,b " Withi}b + Z SFi,C,f,d
bepPLypHDRygNoEBid dEDI
Injig — Z SFicra- With;q

deDX
- Z SITLViol;w < AdjJEmMaxFlow; . ;.

w=1.NiTLViol, ¢

8.7.4 Penalty Price Variable Bounds

8.7.4.1
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Penalty price variables shall be restricted to the ranges determined by the
constraint violation penalty curves for the Real-Time Scheduling
algorithm and for all intervals i € I:

0 <SLdViol;,, < OLd ViofSckLw for all w € {1,..NpgvioL, |5

0 < SGenViol;,, < OGenViolSch, | forall w € {1,...Ngenviol } 5

0 < S108Viol,,, < Q10SViolSech, forall w € {1,.., Nyospior};

0 < S10RViol,,, < Q10RViolSch, forall w € {1,.., Nyoryior, }:
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0 < S30RViol;,, < Q30RViolSch;,, forallw € {1,.., N3oryioy, };

0 <SREG10RViol,;,, < OREG10RViolSch, for all » € ORREG, w € {1,.., Nggciorvial };

0 < SREG30RViol,;,, < OREG30RViolSch, for all € ORREG, w € {1....Nrpgaonvil, 1
for all » € ORREG, w € {1,.., Nxgegiorviol, }:

v

0 < SXREGI10RViol,;,, < QXREG10RViolSch_
0 = SXREG30RViol,;,, < QXREG30RViolSch, ~  forall » € ORREG, w € {1,...Nxpggaorviol; } 5
0 =SPrelTLViols;,, < QPre[TLViolSchﬁw forall f€ F;, w € {1,...NprerrLviolg;

and

0 < SITLViol, ;;,, < QITLViolSch forallc € C, f€ Fypo w € {1,.NitLviol, .} -

ofiiw

8.8 Outputs

8.8.1 Outputs for the Real-Time Scheduling algorithm includes resource schedules.

9 Real-Time Pricing

9.1 Purpose

9.1.1 The Real-Time Pricing algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade to meet the /ESO’s province-wide non-
dispatchable demand forecast and the /ESO-specified operating reserve requirements
for each interval of the real-time look-ahead period.

9.2 Information, Sets, Indices and Parameters

9.2.1 Information, sets, indices and parameters used by the Real-Time Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedules from the Real-Time Scheduling algorithm in section 8 shall be used in the
Real-Time Pricing algorithm:

9.2.1.1 SbeT € {0,1}, which designates whether the dispatchable generation
resource at bus b € BV® was scheduled on a shutdown trajectory in
interval /€ /such that EvalSD;, = 1;

9.2.1.2  SDLInitSch ;, which designates the initial schedule for the dispatchable
load at bus b € BP* 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.
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9.3 Variables and Objective Function

9.3.1 The Real-Time Pricing algorithm shall solve for the same variables as the Real-
Time Scheduling algorithm in section 8.3.1.

9.3.2 The objective function for the Real-Time Pricing algorithm shall maximize gains
from trade by maximizing the expression in section 8.3.2 for the Real-Time
Scheduling algorithm.

9.3.3 ViolCost; shall be calculated as follows:

ViolCost; = ; SLdViol;,, - PLdViolPrc,,
W=LNpgyiol,

— Z SGenViol; - PGenViolPrc;,,
wW=1.Neonviol,

+ ; 510SViol;,, - P10SViolPrc;,
wW=1.N1o5vi01,

+ ‘Z S10RViol;,, - P10RViolPrc;,,
wW=1.N10Rviol

+ ; 'S30RViol,,, - P30RViolPrc,,,
w=1.N30pvial

+ ( SREGIORV:‘OI,,JI-JW-PREGlDRVioIPrcE'W)
EG\w=1.Nggc10RVial,

SREG30RViol,;, - PREG3 DRVioIPrcE_w)

w=1. NREastJRsz

SXREG10RViol, ;- PXREG1 ORVioIPrciJw)

SXREG30RViol, ,,, - PYREG30RViolPrc;,,

("""1 Nmemowmf

w=L. NXREGSORVzo{

+ Z SPrelTLVioly,,, - PPrelTLViolPrcs,,,

EF; W=1<>Npren"z,vsozﬂ.

+Z Z NZ SITLVL'OIL.JJ_W'PITLVI'OEP?’CCJ:’LW .
ceC feF; \w=1 ITLViol, ¢

9.3.3.1  The constraints in section 9.4 shall apply to the Real-Time Pricing
algorithm.
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9.4 Constraints

9.4.1 The Real-Time Pricing algorithm optimization function shall apply the constraints
described in sections 9.5 — 9.8.

9.5 Dispatch Data Constraints Applying to Individual Intervals

9.5.1 Scheduling Variable Bounds

9.5.1.1  The constraints in section 8.5.1 shall apply in the Real-Time Pricing
algorithm, with the following exceptions for a non-quick start resource
bus b € BYYS and interval 7 € I, where:

9.5.1.1.1  AtZero; shall be replaced by AtZerofTP;
9.5.1.1.2  AtMLPE,, shall be replaced by AtMLF RTP: and
9.5.1.1.3  EvalSD;, shall be replaced by £ VaISbeT P

9.5.2 Resource Initial Conditions

9.52.1  The initial schedule for a dispatchable load at bus b € BPL shall be fixed
to the resource initial schedules. For all dispatchable load buses b € BP~:

S SDLy,; = SDLInitPre,,
._E a '
J€lop

9.5.2.2  The initial schedule for a dispatchable generation resource at bus b €
BP shall be fixed to the resource initial schedules. For all dispatchable
generation resource buses b € B°¢:

S SDGy,, =SDGInitPrc,),
keKg,

9.5.3 Resource Minimums and Maximums

9.5.3.1  The constraints in section 8.5.3 shall apply in the Real-Time Pricing
algorithm, with the following exception:

9.53.1.1  AtMLF,} shall be replaced by AtMLEﬁ,T P
where AtMLEﬁTP 1s determined in accordance with section 9.8.1.

9.5.4 Operating Reserve Requirements

9.5.4.1  The constraints in section 8.5.4 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 8.5.5 shall apply in the Real-Time Pricing
algorithm.

9.5.6 Dispatchable Hydroelectric Generation Resources

9.5.6.1  The constraints in section 8.5.6 shall apply in the Real-Time Pricing

algorithm.
9.6 Dispatch Data Inter-Interval/Multi-Interval Constraints
9.6.1 Energy Ramping
9.6.1.1  The constraints in section 8.6.1 shall apply in the Real-Time Pricing
algorithm.
9.6.2 Non-Quick Start Resource Start-up and Shutdown
9.6.2.1  The constraints in section 8.6.2 shall apply in the Real-Time Pricing
algorithm, with the exception of the non-quick start resource start-up
and shutdown statuses, which are determined in accordance with section
9.8.1.
9.6.3 Operating Reserve Ramping
9.6.3.1  The constraints in section 8.6.3 shall apply in the Real-Time Pricing
algorithm.
9.7 Constraints for Reliability Requirements
9.7.1 Energy Balance
9.7.1.1  The constraint in section 8.7.1 shall apply in the Real-Time Pricing
algorithm, with the following exceptions:
9.7.1.1.1  FXLSch; ;shall be replaced by FXLPrc;,1in section 8.7.1.2;
9.7.1.1.2  FIGSch; ,shall be replaced by FIGPrc; ;in section 8.7.1.4; and
9.7.1.1.3  The energy balance constraint in section 8.7.1.5 shall be modified
to account for the demand adjustment required to calculate
locational marginal prices when a voltage reduction or load
shedding has been implemented, as follows:
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FL{ + CAAd]! + Z (1 + MglLOSSi’b) ' Withi,b

+ Z (1 + MglLoss; 4) - With; 4
deEDX
- 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

9.7.2 Operating Reserve Requirements

9.7.2.1  The constraint in section 8.7.2 shall apply in the Real-Time Pricing
algorithm, with the following exceptions:

9.7.2.1.1  FIONXLSch; 4 shall be replaced by F10NXLPrc; ; for all d € DX;
9.7.2.1.2  F1IONIGSch, 4 shall be replaced by F10NIGPrc;, for all d € DI,

9.72.1.3  F30RXLSch; ; shall be replaced by F30RXLPrc;, for all d€ DX;
and

9.72.1.4  F30RIGSch; ;shall be replaced by F30R/GPrc;, for all d € DI.

9.7.3 1ESO Internal Transmission Limits

9.7.3.1  The constraints in section 8.7.3 shall apply in the Real-Time Pricing
algorithm except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of the
Real-Time Pricing algorithm.

9.7.4 Penalty Price Variable Bounds

9.74.1  The following constraints shall restrict the penalty price variables to the
ranges determined by the constraint violation penalty curves. For all
intervals i € [
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0 =SLdViol;,, < OLdViolPrc, for all w € {1,...Napior. };

0 =SGenViol;,, < QGenVioIPrcw_ for all w € {1,...Ngenpiol, } 3

0 =S5108Viol;,, = Q10SViolPre,, forall w € {1,...N1gspior, };

0 =S10RViol;,, = Q10RViolPre; forall w € {1,...N1ogpior, } 5

0 = §30RViol;,, = Q30RViolPre, for all w € {1,...N3orpiol,}

0 < SREG10RViol,;,, = QREG1O0RViolPre, for all » € ORREG, w € {1,...Nggg1orviol, }
0 < SREG30RViol, ;,, < OREG30RViolPrc, for all » € ORREG, w € {1,..NppGaorviol,} 5
0 < SXREG10RViol,;,, < OXREG10RViolPrc, for all » € ORREG, w € {1,...NxzgG1orviol, }
0 < SXREG30RViol, ;,, < OXREG30RViolPrc, for all » € ORREG, w € {1,..,.Nxzggsorviol, }
0 =SPrelTLViol;,, < QPreITLVio!Prcﬁjw forall fe F;,,we {l,..,NPreITLVm,}:i}; and

0 <SITLViol, g, < QITLVfoJPrcCﬁM forallce C, feF;, ,wE {LeNirrvion, 4, -

9.8 Constraints to Ensure the Price Setting Eligibility of
Offer/Bid Laminations

9.8.1
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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 € BV and
interval /€ [

9.8.1.1.1

9.8.1.1.2

9.8.1.1.3

AtZero; T? € {0,1}, which designates that the resource is not
scheduled and is calculated as follows:

AtZer: ,;bTP=AtZero,;b.

.S'Ube P € {0,1}, which designates that the resource must be
scheduled for energy on its start-up trajectory and is calculated as

follows:
SURT = SU,,.

AtMLP’,;f,T € {0,1}, which designates that the resource is scheduled

for energy at or above the minimum loading point and is calculated
as follows:

AtMLPi_b if EvaZSDi’b =
1—SDfI® if EvalSD;), = 1

L

AtMLPET? = {
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9.8.1.1.4 E VaISDfZP € {0,1}, which designates that the resource can be
scheduled for energy below the minimum loading point and is
calculated as follows:

EvalSD" = 0.
9.8.1.1.5 SbeTP € {0,1}, which designates that the resource must be

scheduled for energy on its shutdown trajectory and is calculated
as follows:

§pRTP SDy if EvalSD;), =0
RN O if EvalSD;;, =1

9.9 Outputs

9.9.1 Outputs for the Real-Time Pricing algorithm include:
9.9.1.1  shadow prices;
9.9.1.2  locational marginal prices and their components; and

9.9.1.3  sensitivity factors.

10 Pseudo-Unit Modelling

10.1 Pseudo-Unit Model Parameters

10.1.1 The real-time calculation engine shall use the following registration and dispatch
data to determine the underlying relationship between a pseudo-unit and the
associated physical resources for a combined cycle facility with K combustion
turbines and one steam turbine:

10.1.1.1  CMCR,, which designates the registered maximum continuous rating of
combustion turbine kK € {1,.,K} in MW;

10.1.1.2 CMLP,, which designates the minimum loading point of combustion
turbine k€ {1,.,K} in MW;

10.1.1.3  SMCR, which designates the registered maximum continuous rating of
the steam turbine in MW;

10.1.1.4 SMLP, which designates the minimum loading point of the steam turbine
in MW for a 1x1 configuration;

10.1.1.5 SDF, which designates the amount of duct firing capacity available on
the steam turbine in MW;
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10.1.1.6  STPortion,, which designates the percentage of the steam turbine
capacity attributed to pseudo-unit k € {1,..,K}; and

10.1.1.7 CSCM, € {0,1}, which designates whether pseudo-unit k € {1,..,K} is

flagged to operate in single cycle mode.

10.1.2 The real-time calculation engine shall calculate the following model parameters
for each pseudo-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  MMLRE, which designates the minimum loading point of pseudo-unit k
and is calculated as follows:

CMLPA+ SMLP-(1 — CSCMy)

10.1.2.3  MDF,, which designates the duct firing capacity of pseudo-unit kand is
calculated as follows:

SDF-STPortion; (1 — CSCM,,)

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 k€ {1,.K}, as follows:

10.1.3.1 The minimum loading point region shall be the capacity between 0 and
MMLP

10.1.3.2 The dispatchable region shall be the capacity between MMLP, and
MMLP, + MDRy;

10.1.3.3 The duct firing region shall be the capacity between MMLF, + MDR,
and MMCR,.

10.1.4 The real-time calculation engine shall calculate the associated combustion turbine

and steam turbine shares for the three operating regions of pseudo-unit k€ {1,..K}, as
follows:

10.1.4.1  For the minimum loading point region:

10.1.4.1.1 Steam turbine share: S7ShareMLF, = SMLPA1— CSCMy).

MMLP;,
. . CMLPy
10.1.4.1.2 Combustion turbine share: C7ShareMLFP, = L and
K
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10.1.4.2  For the dispatchable region:
10.1.4.2.1 Steam turbine share:

(1-CSCMy) (SMCR-STPortiony— SMLP-SDF-STPortiony)
,a
MDR),

STShareDR,= nd

10.1.4.2.2 Combustion turbine share:

CMCR— CMLPy,
MDR, °

CTShareDR, = and

10.1.4.3  For the duct firing region:
10.1.4.3.1 Steam turbine share shall be equal to 1; and
10.1.4.3.2 Combustion turbine share shall be equal to 0.

10.2 Application of Physical Resource Deratings to the
Pseudo-Unit Model

10.2.1 The real-time calculation engine shall apply deratings submitted by market
participants to the applicable dispatchable capacity and duct firing capacity
parameters for a pseudo-unit, where:

10.2.1.1 CTCap;j designates the capacity of combustion turbine K€ {1,.,K} in
interval 7as determined by submitted deratings;

10.2.1.2  STCap; designates the capacity of the steam turbine in interval 7 as
determined by submitted deratings; and

10.2.1.3  TotalQ,, designates the total offered quantity of energy for pseudo-unit
k€ {1,.,K} in interval i
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 MLPF,, designates the minimum loading point of pseudo-unit k in interval
L
10.2.2.2 DR, designates the dispatchable capacity region of pseudo-unit kin

interval 7, and

10.2.2.3  DF;; designates the duct firing capacity region of pseudo-unit kin
interval £
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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 and steam turbine share and
the application of the pseudo-unit deratings. For pseudo-unit k € {1,.., K}
for interval 7€ I

10.2.3.1.1 Step 1: Calculate the amount of the offer for energy that is
attributed to each combustion turbine (C7Amt,;;) and steam
turbine portion (S7Amt;):

If TotalQ,; < MMLPF, then:

Calculate CTAmt;; = 0;and

Calculate STAmt;; = 0.

Otherwise:

CTAmtMLP =MMLP,-CTShareMLP,; and
STAmMtMLP =MMLP,-STShareMLPF,.

If TotalQ,;, > MMLF+ MDR,, then:

CTAmtDR = MDR,-CTShareDRy;

STAmtDR = MDR,-STShareDR,; and
STAmtDF= (1 — CSCMy) (TotalQ; — MMLF, — MDRy,).
Otherwise:

CTAmtDR = (TotalQ, — MMLF,)-CTShareDRy;
STAmtDR = (TotalQ;;, — MMLPF,) -STShareDRy;
STAmtDF = 0;

CTAmt; ;)= CTAmtMLP+ CTAmtDR; and
STAmt; ;)=STAmtMLP + STAmtDR + STAmtDF.

10.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:

.S'TAmt,;k ) STC
. ap;:
ZWG {1,..K} STAmtILW &

10.2.3.1.3 Step 3: Determine if the pseudo-unit is available:

PRSTCap; ;= (

If CTAmt;; < CMLPF,, then the pseudo-unit is unavailable.

If STAmt;; < SMLP-(1 — CSCMy,), then the pseudo-unit is
unavailable.
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10.2.4
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If CTCap;; < CMLA, then the pseudo-unit is unavailable.

If PRSTCap;; < SMLP(1 — CSCM,,), then the pseudo-unit
is unavailable.

10.2.3.1.4 Step 4: Initialize the operating region parameters for interval /€ /
to the model parameter values:

10.2.3.1.5

10.2.3.1.6

Set ML, = MMLB,
Set DRI;/( = MDRk
Set DE,]( = MDFk

Step 5: Apply the derating for the combustion turbine to the

dispatchable region:

Calculate Pso that CMLE, + P-CTShareDR;-MDR, =
CTCap;y; and

Set DR, = min(DR,,, P-MDRy).

Step 6: Apply the derating for the steam turbine to the duct firing

and dispatchable regions for pseudo-units not operating in single
cycle mode:

Calculate R so that SMLP+ R-STShareDR;,-MDR,, =
PRSTCap,.

If R <1, update DF;; = 0, and

DR = min(DR;;, R-MDR)).

If R> 1, update DF;; = min(DF;;, 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

k € {1,..,K}, subject to section 10.2.4.2, where:

10.2.4.1.1

10.2.4.1.2

10.2.4.1.3

@MLPF, designates the total quantity that may be
scheduled in the minimum loading point region;

QDR designates the total quantity that may be scheduled
in the dispatchable region; and

QDF; designates the total quantity that may be scheduled
in the duct firing region.
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10.2.4.2  The available offered quantity laminations shall be subject to the
following conditions:

0 < QMLP, < MLPy;
0 < QDFy< DFy;

if QMLF, ;< MLF,, then the pseudo-unit is unavailable and QDR;; =
QDF; ;= 0; and

if QDRI,/(< DRI,/O then QDE’/(= 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 PS UM1'111(;11( designates the minimum limitation on pseudo-unit k
determined by translating constraint g. When constraint ¢ does not
provide a minimum limitation on pseudo-unit k, then PSUMinZk shall be
set equal to 0;

10.3.1.2 PS UMaka designates the maximum limitation on pseudo-unit k
determined by translating constraint g. When constraint ¢ does not
provide a maximum limitation on pseudo-unit k, then PS. UMaX:.]k shall be

set equal to MLF,;+ DR;;+ DF;; and
103.1.3 CTCmtd;; € {0,1} designates whether combustion turbine k€ {1,..K} is
considered committed in interval 7€ /.
10.3.2 The real-time calculation engine shall calculate the minimum and maximum
limitations, subject to section 10.3.3.1, as follows:
103.2.1 Minimum limitation: MinDGyj = maxsepn, opPSUMin;,,
103.2.2  Maximum limitation: MaxDG;, = mingeq, g PSUMax],

where Q designates the number of constraints impacting a combined
cycle facility that have been provided to the real-time calculation
engine.

10.3.3 Pseudo-Unit Minimum and Maximum Constraints
10.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as

follows:
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10.3.3.1.1 PSUMin;; = PMin where PMin shall be a minimum constraint

provided on pseudo-unit k € {1,..,K} for interval /€ [, and

10.3.3.1.2  PSUMax;;, = PMax where PMax shall be a mintmummaximum

constraint provided on pseudo-unit k € {1,.,K} for interval /€ I

10.3.4 Combustion Turbine Minimum and Maximum Constraints
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10.3.4.1

10.3.4.2

10.3.4.3

If the pseudo-unit is not flagged to operate in single cycle mode, then the
combustion turbine minimum constraint shall be converted to a pseudo-
unit constraint as follows:

If CTMin < MLF,;-CTShareMLF,, then set

STMinMLP= CTMin- A
CTShareMLP,

TShareMLPljj
STMinDR = 0.
Otherwise, if CTMin = MLF,;-CTShareMLE,, then set

STMinMLP = MLF,;-STShareMLPF,,

STMinDR = (CTMin-MLF,-CTShareMLR,)- (-t /

Therefore:
PSUMin; ;= CTMin+ STMinMLP + STMinDR.

If a pseudo-unit is flagged to operate in single cycle mode, then the
combustion turbine minimum constraint shall be converted to a pseudo-
unit constraint as follows:

PSUMin, = CTMin.

If the pseudo-unit is not flagged to operate in single cycle mode, then the
combustion turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

If CTMax < MLF,x-CTShareMLF,, then PSUMax;; =0 and the
pseudo-unit is unavailable.

Otherwise, calculate the value of the constraint on the steam turbine
within the minimum loading point and dispatchable regions:

STMaxMLP= MLF,;-STShareMLF),

STMaxDR = (CTMax-MLP,-CTShareMLE,)- CTShareDR,

PSUMax;;, = CTMax + STMaxMLP+ STMaxDR

TShareDR y

Public IMO_FORM_1087v13.00
REV-21-06



10.3.4.4 If a pseudo-unit is flagged to operate in single cycle mode, then the
combustion turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

PSUMax;;, = CTMax.

10.3.5 Steam Turbine Minimum and Maximum Constraints
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10.3.5.1 The real-time calculation engine shall convert a stream turbine minimum
constraint to a pseudo-unit constraints as follows:

103.5.1.1

103.5.1.2

10.3.5.1.3

103.5.1.4

103.5.1.4

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 A4 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.

Step 2: Determine the steam turbine portion of the capacity for
pseudo-unit k€ A:

STCapy = QMLPF,;-STShareMLP, + QDR ;-STShareDR; + QDFj;.

Step 3: Allocate the STMin constraint to each pseudo-unit k€ A,
where STMin constraint shall be allocated equally to each pseudo-
unit k€ A, where STPMin,, is limited by STCapy.

Step 4: The steam turbine portion minimum constraint shall be
converted to a pseudo-unit constraint ,where for each pseudo-unit
k€ A

If STPMiny < MLF,;*STShareMLPF,, then set

CTMinMLE, = STPMin- (S22 20k)

STsharemir) and

CTMinDR, = 0.

Otherwise, if STPMin; = MLF,-STShareMLF,, then set
CTMinMLP, = MLF,;-CTShareMLF,; and

CTShareDR k)

CTMinDRy = (STPMim-MLF,-STShareMLF,) '(STShareDR
k

Therefore:

PSUMin,, = STPMiny, + CTMinMLP, + CTMinDR,.

If pseudo-units with sufficient steam turbine capacity are not
commited, then the real-time calculation engine shall not convert
the entire quantity of the steam turbine minimum constraint to
pseudo-unit constraints.
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10.3.5.2 The steam turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

STAmt ik
PRSTMax;;, = ' STMax.

Z wefl,., K} STAthW

If the converted steam turbine maximum constraint limits the
steam turbine 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;;, = MLB, + min(DR,;., R-MDR)).

IfR > 1, set PSUMax; ;= MLF,; + DR, + PRSTMax;,-SMLP-
STShareDR-MDR,.

10.3.5.3  If the steam turbine minimum and maximum constraints are equal but do
not convert to equal pseudo-unit minimum and maximum constraints,
then the steam turbine minimum constraint conversion in section
10.3.5.1 shall be used to determine equal pseudo-unit minimum and
maximum constraints.

10.4 Steam Turbine Forced Outages

10.4.1 If the steam turbine experiences a forced outage, the real-time calculation engine
shall evaluate the corresponding pseudo-units as being offered in single cycle mode.

10.5 Determination of Energy Management System MW Values
for Pseudo-Units

10.5.1 The real-time calculation engine shall determine the effective energy
management system MW value for each pseudo-unit from the IESO’s energy
management system MW values for the corresponding physical resources, where:

10.5.1.1 CTTel, designates the energy management system MW value for
combustion turbine & € {1,.,K};

10.5.1.2 STTel designates the energy management system MW value for the
steam turbine;

10.5.1.3 PSUTel, designates the effective energy management system MW value
for pseudo-unit k € {1,.,K};

10.5.1.4 TMLPF, designates the effective minimim loading point operating range
for the time at which energy management system MW value was
determined;
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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.

10.5.2 The real-time calculation engine shall determine the effective energy
management system MW values for pseudo-units as follows:

10.5.2.1 Step 1: For all combustion turbines, assign the following energy
management system MW values to the corresponding pseudo-unit

k€ {1,k

10.5.2.1.1 CTMLPTel, , which designates the MW value assigned to the
combustion turbine’s share of the minimum loading point region
and is calculated as follows:

CTMLPTel, = min{CTTel,,CTShareMLBP,-TMLP, }.

10.5.2.1.2 CTDRTel, , which designates the MW value assigned to the
combustion turbine’s share of the dispatchable region and is
calculated as follows:

If CTMLPTel, < CTTel,, then set CTDRTel, = min{(CTTel,-
CTMLPTely) , CTShareDR,-TDR, }

Otherwise, set CTDRTel, = 0.

10.5.2.2 Step 2: Determine the maximum energy management system MW value
for the steam turbine that may be assigned to the steam turbine’s share of
the pseudo-unit’s minimum loading point and dispatchable regions based
on the amount assigned to the combustion turbine’s share of the
minimum loading point and dispatchable regions. For pseudo-unit
ke{1,.,K}:

10.5.2.2.1 STMLPMax, designates the maximum MW value that may be
assigned to the steam turbine’s share of the minimum loading point
region and is calculated as follows:

ST. ShareMLPk>

STMLPMan: CTMLPTE[k<m .
K

10.5.2.2.2 STDRMax; designates the maximum MW value that may be
assigned to the steam turbine’s share of the dispatchable region
and is calculated as follows:

STShareDR k)

STDRMan = CTDRTE]k(m .
k
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10.5.2.3 Step 3: Allocate the energy management system MW value for the steam
turbine to the minimum loading point and dispatchable regions of the
pseudo-unit in proportion to the maximum amount that may be allocated.
For pseudo-unit k € {1,..,K}:

10.5.2.3.1 STMLPTel, designates the MW value assigned to the steam
turbine share of the minimum loading point region and is
calculated as follows:

STMLPMaxy,
Yw=1.k(STMLPMax,,+STDRMax,)

STMLPTel,, = min{STMLPMax, ,( )-STTet}

10.5.2.3.2 STDRTel, designates the MW value assigned the steam turbine
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 that is yet to be distributed
(STRemTel) 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 that may be assigned to the duct firing
region for the pseudo-unit based on whether the pseudo-unit is fully
loaded for its minimum loading point and dispatchable regions. For
pseudo-unit k€ {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,+STDRTely) >
TMLP, + TDR,, then set STDFMax, = TDF,

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 to the duct firing regions of the
pseudo-unit in 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:
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STDFMax;,,
Zw:l..K STDFM(IXW

STDFTel;, = min {STDFMaxk ,( ) -STRemTel}.

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 k € {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 facility with K combustion turbines and one steam turbine,
the real-time calculation engine shall compute the following energy and operating
reserve schedules for interval 7€ /-

10.6.1.1 CTE}; designates the energy schedule for combustion turbine
ke{1,.,K};

10.6.1.2  STPE; designates the energy schedule for the steam turbine portion of
pseudo-unit k€ {1,..,K};

10.6.1.3  STE; designates the energy schedule for the steam turbine;

10.6.1.4  CT10S;; designates the synchronized ten-minute operating reserve
schedule for combustion turbine k€ {1,..,K};

10.6.1.5 STP10.S;; designates the synchronized ten-minute operating reserve
schedule for the steam turbine portion of pseudo-unit k€ {1,.,K};

10.6.1.6  ST10.S; designates the synchronized ten-minute operating reserve
schedule for the steam turbine;

10.6.1.7 CT10N;y designates the non-synchronized ten-minute operating reserve
schedule for combustion turbine k€ {1,..,K};

10.6.1.8  STP10N;; designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine portion of pseudo-unit k€ {1,.,K};

10.6.1.9 ST10N; designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine;

10.6.1.10 CT30R,; designates the thirty-minute operating reserve schedule for
combustion turbine kK€ {1,.., K};

10.6.1.11 STP30R;; designates the thirty-minute operating reserve schedule for
the steam turbine portion of pseudo-unit k€ {1,.,K}; and
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10.6.1.12 ST30R; designates the thirty-minute operating reserve schedule for the
steam turbine.

10.6.2 The real-time calculation engine shall determine the following energy and
operating reserve schedules for pseudo-unit k€ {1,.,K} in interval /€ [

10.6.2.1 SEj; designates the total amount of energy scheduled and SE;; =
SEMLPF, + SEDR;; + SEDF;;, where:

10.6.2.1.1  SEMLPF,, designates the portion of the schedule

corresponding to the minimum loading point region,
where 0 < SEMLF,; < QMLF;

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 SEMLF,; =
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,; =
QDR

10.6.2.2 5105, designates the total amount of synchronized fen-minute operating
reserve scheduled;

10.6.2.3  S10MV; 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 < S, + $105;, +
S10N;; < QMLE,;, + QDR;;; and

10.6.2.4 S30R; designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SEj; + S10S;, + S10N;; + S30R,; < QMLF;, +
QDR+ QDFy;.

10.6.3 The real-time calculation engine shall convert pseudo-unit schedules to physical
generation resource schedules for energy and operating reserve, where:
10.6.3.1 S70n € {0,1} designates whether the steam turbine is currently online;

10.6.3.2 CTE ; designates the initial energy schedule allocated to the combustion
turbine k€ {1,.. K}; and

10.6.3.3  STPE, ; designates the initial energy schedule allocated to the steam
turbine portion of pseudo-unit k€ {1,..,K}.
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10.6.4 The real-time calculation engine shall convert pseudo-unit schedules to physical
resource schedules for energy and operating reserve, as follows:
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10.6.4.1

10.6.4.2

10.6.4.3

10.6.4.4

If SE;x = MLP,y, then:
CTE; = SEMLPF,-CTShareMLPF, + SEDR, ;-CTShareDR;
STPE; = SEMLPF,;-STShareMLP, + SEDR;;-STShareDR; + SEDF;;
RoomDR; ;= QDR — SEDR,;
10SDR; ;= min(RoomDR;;,510.5;);
10NDR; = min(RoomDR;; — 108DR;;,S10N; );
30RDR; = min(RoomDR,;; — 10SDR;; — 10NDR,;,530R, ;);
CT10S;;, = 10SDR;;-CTShareDR;
STP10S;, = 10SDR;;-STShareDR;, + (510S;;, — 10SDR,;);
CT10N; ;= 10NDR;-CTShareDRy;
STP1ON; ;= 10 NDR;;-STShareDR, + (S10N,; — 10NDR;;);
CT30R; ;= 30RDR;;-CTShareDR,; and
STP30R; = 30RDR;;-STShareDR; + (S30R;;, — 30RDR, ).

If SE}; < MLF,; and is on a ramp up trajectory, then the energy
schedules for the combustion turbine and steam turbine are determined
as follows:

If the steam turbine is not online, then the pseudo-unit schedule will be
assigned to the combustion turbine as follows:

CTE;’kz SE};k; and
STPE,;.= 0.

If the steam turbine is online, the incremental pseudo-unit schedule will
be assigned to the steam turbine until the assigned combustion turbine
and steam turbine schedules adhere to the pseudo-unit model as follows:

STPE;.
I (—“‘) < STShareMLP,, then
STPE; 1,k #CTEj k

CTE = CTE 1 4o

STPE; = SEj— CTEj1 4
Otherwise:

CTE; = SE;"CTShareMLF,; and

STPE; ;= SE;STShareMLPF,.
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10.6.4.5

10.6.4.6

10.6.4.7

10.6.4.8

10.6.4.9

If SE;x < MLF,; and is on a ramp-down trajectory, then the energy
schedules for the combustion turbine and steam turbine are determined
as follows:

If the steam turbine is not online, then the pseudo-unit schedule will be
assigned to the combustion turbine as follows:

CTE;; = SE;;; and
STPE;;, = 0.

If the steam turbine is online, the pseudo-unit schedule will be assigned
according to the pseudo-unit model as follows

CTE; ;= SE;-CTShareMLF; and
STPE; ;= SE;;STShareMLPF,.

If SE; < MLF,, then the operating reserve schedules for the
combustion turbine and steam turbine are as follows:

5108, = S10N;;, = S30R;;,= 0;
CT10S,= 0;

STP10S; ) = 0;

CT10N;;= 0;

STP1ON; ;= 0;

CT30R; ;= 0; and

STP30R; ;= 0.

The steam turbines portion schedules from section 10.6.4.1 through
10.6.4.8 shall be summed to obtain the steam turbine schedule as
follows:

STE; = Z STPE; ; ;

k=1,.K

ST10S;

Z STP10S; ;
k=1,..K

ST10N; = z STP10N; . ;
k=1,.K
and

ST30R; = Z STP30NR;  ;
k=1,.,K
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11 Pricing Formulas

111  Purpose

11.1.1 The real-time calculation engine shall calculate locational marginal prices using
shadow prices, constraint sensitivities and marginal loss factors.

11.2 Sets, Indices and Parameters

11.2.1 The sets, indices and parameters used to calculate locational marginal prices are
described in section 4. In addition, the following shadow prices from Pass 1 shall be
used:
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11.2.1.1

11.2.1.2

11.2.1.3

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

SPEm 7}1‘6 rdesignates the Pass 1 shadow price for the post-contingency
transmission constraint for facility f€ Fin contingency ¢ € C'in interval
i

SPI} designates the Pass 1 shadow price for the energy balance
constraint in interval 7

SPNorm 7;1fdesignates the Pass 1 shadow price for the pre-contingency
transmission constraint for facility f€ Fin interval 7

SP10S? 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

SPRE GMinlOR}; - designates the Pass 1 shadow price for the minimum
ten-minute operating reserve constraint for region r€ ORREG in interval
A

SPRE GMinBOR}; ~designates the Pass 1 shadow price for the minimum

thirty-minute operating reserve constraint for region r € ORREG in
interval 7,

SPRE GMaXloR}; - designates the Pass 1 shadow price for the maximum
ten-minute operating reserve constraint for region r € ORREG in interval
A

SPRE GMaX30R}; - designates the Pass 1 shadow price for the maximum
thirty-minute operating reserve constraint for region r € ORREG in
interval 7.
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11.3 Locational Marginal Prices for Energy

11.3.1 Energy Locational Marginal Prices for Delivery Points

11.3.1.1 The real-time calculation engine shall calculate a locational marginal
price and components for energy for Pass 1 and each interval 7 € /for
every bus b € L and:

11.3.1.1.1 LMH;lb designates the Pass 1 interval 7 locational marginal
price for energy;

113.1.1.2  PRef! designates the Pass 1 interval 7 locational marginal
price for energy at the reference bus;

11.3.1.1.3 PLoss,%b designates the Pass 1 interval 7loss component,
and

11.3.1.1.4 PCong};b designates the Pass 1 interval 7 congestion
component.

11.3.1.2 The real-time calculation engine shall calculate an initial locational
marginal price for energy, a locational marginal price for energy at the
reference bus, a loss component and a congestion component for Pass 1
at bus b € Lin interval 7 € [, as follows:

InitLMP}, = InitPRef}* + InitPLoss}, + InitPCong},
where:

InitPRef = SPL};

InitPLoss}, = MglLoss;,, - SPL};

and

InitPCong}_b = z PreConSF;f ), -SPNormT,%f
[EF;
+Z Z SFic sy - SPEMTL. ..
CcEC f€F;,

11.3.1.3 If'the initial locational 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 [nitPRef} > EngyPrcCeil , set PRef} = EngyPrcCeil
If InitPRef} < EngyPrcFlIr, set PRef: = EngyPrcFir
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Otherwise, set PRef=InitPRef!

11.3.1.4 If the initial locational marginal price for energy (lnitLME;Ib) is not

within the settlement bounds (EngyPrcFlIr, EngyPrcCeil), then the real-
time calculation engine shall modify the locational marginal price for
energy as follows:

If InitLMH}b > EngyPrcCell, set LMPI}b = EngyPrcCeil.
If InitLMP}, < EngyPrcFIr, set LMBY, = EngyPrcFlr.
Otherwise, set LMPy=InitLMF},

11.3.1.5 The real-time calculation engine shall modify the loss component as
follows:

If PRef} # InitPRef}, set PLoss},= MglLoss;, PRef}
Otherwise, set PLO.S‘SI%b = [nitPLoss,%b

11.3.1.6 The real-time calculation engine shall modify the congestion component
as follows:
If LMPY, — PRef} — PLoss}, and InitPCongj, have the same
mathematical sign, then set PCong‘}bz LMP,;lb — PRef! — PLoss}b

Otherwise, set PCong}; »=0 and set PLoss,%b = LMPI}b — PRef}

11.3.2 Energy Locational Marginal Prices for Intertie Metering Points

11.3.2.1 The real-time calculation engine shall calculate a locational marginal
price and components for energy for Pass 1 and each interval /€ / for
intertie zone bus d € D, where:

11.3.2.1.1 EXtLME;ZD designates the locational marginal price for

energy for the dispatch hour in which interval 7 falls as
calculated by the pre-dispatch calculation engine;

11.3.2.1.2 ICH;ld designates the Pass 1 interval 7 intertie congestion
price;

11.3.2.1.3 IC%D designates the intertie congestion price for the

dispatch hour in which interval 7 falls as calculated by the
pre-dispatch calculation engine;

11.32.14 IntLMP,;ld designates the Pass 1 interval i intertie border
price for energy;

11.3.2.1.5 EXtLME;ld designates the Pass 1 interval 7 /locational
marginal price for energy;
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11.3.2.1.6 PEXfCong};d designates the Pass 1 interval 7 external
congestion component for the intertie congestion price;

11.3.2.1.7 PEXtCong‘f 2 designates the external congestion

component for the intertie congestion price for the
dispatch hour in which interval 7 falls as calculated by the
pre-dispatch calculation engine;

11.3.2.1.8 P[ntCong‘}d designates the Pass 1 interval 7internal
congestion component for energy;

11.3.2.1.9 PLoss}d designates the Pass 1 interval 7loss component;

11.3.2.1.10 PN[SL};d designates the Pass 1 interval 7 net interchange
scheduling limit congestion component for the intertie
congestion price,

11.3.2.1.11 PN[SLfg designates the net interchange scheduling limit

congestion component for the intertie congestion price for
the dispatch hour in which interval 7 falls as calculated by
the pre-dispatch calculation engine; and

1 . . . . . .
T e e e R
for-enerontthereference-bie
11.3.2.2 The real-time calculation engine shall calculate an intertie border price
for energy, a locational marginal price for energy for the reference bus,
a loss component and a congestion component for energy for Pass 1 at

intertie zone bus d € D, in intertie zone a € A in interval 7 € [, subject to
section 11.3.2.11, as follows:

InitintLMPF},=InitPRef} +InitPLoss},+InitPIntCong;,
where
InitPRef! =SPL};
InitPLoss};=MglLoss;4-SPL;

and
InitPIntCong;,
= Z PreConSF; ¢ 4 -SPNormTff
[EF;
+ Z Z SFI’:,C,f,d 'SPEmTI.:!'c‘f
CEC fEF;,
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11.3.23

11.3.24

11.3.2.5

If there is import congestion in pre-dispatch such that [CP;Z,D <0, the

real-time calculation engine shall calculate an initial locational marginal
price, an intertie congestion price, and the net interchange scheduling
limit congestion component for the intertie congestion price for energy
for Pass 1 at intertie zone bus d € Din interval /€ /as follows:

InitExtLMPBy=min( InitintLMPy, ExtLMPL, ) ;
InitICPL=InitExtLMP.-InitintLMP,.;
where:

If InitExtLMP; = InitintLMP., then InitilCP; = 0 and
InitPNISL; ;= 0;
and

If [nitExtLMP,=ExtLMP.y, then [nitICF; and
lnitPN]SL}; 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 ICPI-ZD > 0, the
real-time calculation engine shall calculate an initial locational marginal
price, an intertie congestion price, and the net interchange scheduling
limit congestion component for the intertie congestion price for energy
for Pass 1 at intertie zone bus d € Din interval / € /as follows:

InitExtLMPy = InitintLMPly, + InitiCP,
where:

[nitICP, = InitPExtCong,; + InitPNISL; ;;
InitPExtCong;,; = PExtCong!y ;

and

InitPNISL; ; = PNISLS.

If there is no intertie congestion in pre-dispatch such that ICPI-jD P =0or
an intertie zone is out-of-service in real-time, then the real-time
calculation engine shall calculate an initial locational marginal price, an
intertie congestion price, and the net interchange scheduling limit
congestion component for the intertie congestion price for energy for
Pass 1 at intertie zone bus d € Din interval / € /as follows:

InitExtLMPB', = InitintLMPy; + InitICEy

where

Public IMO_FORM_1087v13.00
REV-21-06



Init. ICP1;1d = In I'tPEXl'COHg‘}; 4+ 1111'tPNISL}; 4=0
InitPExtCong}, = PExtCong!Z;

and

InitPNISL; ;= PNISLY,.

11.3.2.6 If the intertie border price for energy (lnitlntLMﬂld) is not within the

settlement bounds (EngyPrcFir, EngyPrcCeil), then the real-time
calculation engine shall modify the intertie border price for energy, and
its components, as follows:

11.3.2.6.1  The initial locational marginal price for the reference bus
(InitPRef}) shall be modified as per section 11.3.1.3;

11.3.2.6.2  The initial intertie border price (lnitlntLM}}Zd) shall be
modified as per section 11.3.1.4, where InitLME;lb =
InitintLMP.y;,

11.3.2.6.3  The initial loss component (lnitPLossl%d) shall be
modified as per section 11.3.1.5; and

11.3.2.6.4  The initial internal congestion component
(lnitP]ntC'ongll; ) shall be modified as per section
11.3.1.6, where /nitPCongy, = InitPIntCong,.

11.3.2.7 If'the initial locational marginal price for energy (InitEXtLME;Id) is not

within the settlement bounds ( EngyPrcFir, EngyPrcCeil), then the real-
time calculation engine shall modify the locational marginal price for
energy, as follows:

If InitEXtLMP,}d > EngyPrcCell, set EXtLMP,;ld = EngyPrcCeil.
If [nitExtLMPy < EngyPrcFlr, set ExtLMPy= EngyPrcFir.
Otherwise, set ExtLMPl, = InitExtLMPF},

11.3.2.8 If the modified locational marginal price for energy (EXtLME;ld)
determined in section 11.3.2.7 is equal to the intertie border price for
energy ([ntLMi}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},= IntLMPYy, set PExtCongj;= 0 and PNISL,,= 0.
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11.3.2.9 If the modified locational marginal price for energy (EXtLMP,;ld)
determined in section 11.3.2.7 is not equal to the intertie border price for
energy (IntLMf}’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, then set

: 1
PNISLE = (ExtLMPL, — IntLMP., ( InitPNISL, 4 )
d,

InitPNISL, r+ InitPExtCong)
If PNISL; ;> NISLPen, then set PNISL; ;= NISLPen,

If PNISL, ;< ( — 1)-NISLPen, then set PNISL, ;= (—
1) -NISLPen; and

Set PExtCong,,= ExtLMPy, — IntLMF},— PNISL,,

11.3.2.10 The real-time calculation engine shall calculate the intertie congestion
price as follows:

ICP; = PExtCong,+ PNISL,

11.3.2.11 The locational marginal price for energy calculated by the real-time
calculation engine shall be the same for all boundary entity resource
buses at the same intertie zone. Intertie transactions associated with the
same boundary entity resource bus, but specified as occurring at
different intertie zones, subject to phase shifter operation, shall be
modelled as flowing across independent paths. Pricing of these
transactions shall utilize shadow prices associated with the internal
transmission constraints, intertie limits and transmission losses
applicable to the path associated to the relevant intertie zone.

11.3.3 Zonal Prices for Energy

11.3.3.1 The real-time calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each interval 7 € /, the energy
price for virtual transaction zone m € M, as follows:

VZonalP},, = PRef' + VZonalPLoss},, + VZonalPCong},,
where:
VZonalPLossﬁm = WFf,be . PLossﬁb
peLVIRT
and
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VZonalPCongim = Z WF::T,K;;}.?.!T : Pcongr},b

VIRT
beLV!

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 € / for non-
dispatchable load zone y € Y, as follows:

ZonalPﬂy = PRef{! + ZonalPLossgy + ZonalPCongil_y

where:
ZonalPLoss}, = Z WF/\’) - PLoss},
beLjPL
and|
ZonalPCong}, = WF/) - PCong},

NDL
beLy

11.3.3.3 The Ontario zonal price is calculated per section 11.3.3.2 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 locational marginal
price and components for energy for Pass 1 and each interval 7 € /for
every pseudo-unit k € {1,.,K}, where:

11.34.1.1 C TMg]LOSSI%k designates the marginal loss factor for the
combustion turbine identified by pseudo-unit k for each
interval 7 in Pass 1;

113412 ST Mg]Lossf  designates the marginal loss factor for the

steam turbine identified by pseudo-unit k for each interval
7 in Pass 1;

11.3.4.1.3  CTPreConSF;g designates the pre-contingency
sensitivity factor for the combustion turbine identified by
pseudo-unit kon facility fduring interval i under pre-
contingency conditions;

11.3.4.1.4  STPreConSFj designates the pre-contingency sensitivity
factor for the steam turbine identified by pseudo-unit k on
facility fduring interval 7under pre-contingency
conditions;
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11.3.4.1.5  CTSF; g designates the post-contingency sensitivity
factor for the combustion turbine identified by pseudo-
unit kon facility fduring interval junder post-contigency
conditions for contingency ¢ and

11.3.4.1.6  STSF;_ s designates the post-contingency sensitivity
factor for the steam turbine identified by pseudo-unit kon
facility fduring interval 7under 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 7 for every pseudo-unit k€ {1,., K}, as follows:

InitLMPB}, =InitPRef} + InitPLoss}; + [nitPCongy
where:
InitPRef}=SPL};
[nitPL oss} w—MglL 055,% - SPLL;
and
InitPCong}; = Z PreConSF; ¢y - SPNormT;;
JEF;

+z z SF; - SPEmTY, |
CEC fEF;

11.3.43 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}, = CTShareMLP,-CTMglLoss}; + STShareMLE,-STMgILoss},
PreConSF;¢, = CTShareMLF,-CTPreConSF;s, + STShareMLF,-STPreConSF;
SF;cex = CTShareMLB,-CTSF; . + STShareMLE,-STSF; . ¢x

11.3.44 If pseudo-unit k € {1,.,K} is scheduled within its dispatchable region, its
marginal loss and sensitivity factors shall be:

MgIL 0551% = CTShareDR-CTMgIL oss} «+ STShareDR-ST, Mg]Loss,% k
PreConSF; g = CTShareDR;-CTPreConSF, s + STShareDR,-STPreConSF; g,
SE;L‘,ffk = CTS]]HI'QDR‘]('CTSF};QH{ + STS]IHI”EDRI('STSE;GEI(

11.3.4.5 If pseudo-unit k € {1,.,K} is scheduled within its duct firing region, its
marginal loss and sensitivity factors shall be:
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MglLoss}, = STMglLoss}
PreConSF, g = STPreConSF; g,
Stk = STSFic i

11.4 Locational Marginal Prices for Operating Reserve

11.4.1 Operating Reserve Locational Marginal Prices for Delivery Points
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11.4.1.1

The real-time calculation engine shall calculate locational marginal
prices and components for operating reserve for Pass 1 and each interval
i for a delivery point associated with the dispatchable generation
resource or dispatchable load bus b € B, where:

11.4.1.1.1

11.4.1.1.2

114.1.1.3

11.4.1.1.4

11.4.1.1.5

11.4.1.1.6

11.4.1.1.7

11.4.1.1.8

L3 ORPl;lb designates the Pass 1 interval 7 locational
marginal price for thirty-minute operating reserve,

P30RRef! designates the Pass 1 interval 7 locational
marginal price for thirty-minute operating reserve at the
reference bus;

PSORCong}, ,, designates the Pass 1 interval 7 congestion
component for thirty-minute operating reserve;

L10ij;1b designates the Pass 1 interval 7 /ocational
marginal price for non-synchronized ten-minute
operating reserve;

P10 NRef! designates the Pass 1 interval i locational
marginal price for non-synchronized ten-minute
operating reserve at the reference bus;

PlONCong}-, ;, designates the Pass 1 interval 7 congestion

component for non-synchronized ten-minute operating
reserve,

L1053},, designates the Pass 1 interval 7 /locational
marginal price for synchronized ten-minute operating
reserve,

P10SRef! designates the Pass 1 interval 7 locational
marginal price for synchronized ten-minute operating
reserve at the reference bus;
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11.4.1.1.9 PlO.S'Cong}; , designates the Pass 1 interval 7 congestion

component for synchronized ten-minute operating
reserve; and

11.4.1.1.10 ORREG), S ORREG as the subset of ORREG consisting of
regions that include bus b.

11.4.1.2 The real-time calculation engine shall calculate an initial locational
marginal price, a locational marginal price at the reference bus, and
congestion components for Pass 1 for a delivery point associated with the
dispatchable generation resource or dispatchable load at bus b € Bin
interval 7 € [ for each class of operating reserve, as follows:

InitL30RBY, = InitP30RRef} + [nitP30RCong;,
where:
InitP30 RRef! = SP30R!
and

InitP30RCong},

= Z SPREGMin30R},
rEORREG),

— Z SPREGMax30R},
rEORREG)

InitL10NP}, = InitP10NRef;! + InitP10NCong},
where:

InitP10NRef;' = SP10R} + SP30R}

and
nitP10NCongy},
- Z (SPREGMin10R}, + SPREGMin30R},.)
rEORREG),
— z (SPREGMax10R},. + SPREGMax30R},)
rEORREG)

InitL10SP}, = InitP10SRef + InitP10SCong},
where:

InitP10SRef! = SP10S} + SP10R} + SP30R;}

and
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InitP10SCong},,

— Z (SPREGMin10R}, + SPREGMin30R},.)
rEORREG)

- Z (SPREGMax10R}, + SPREGMax30R},)
rEORREG)

11.4.1.3 If the initial locational marginal price at the reference bus
(InitP30RRef?, InitP10 NRef! or InitP10SRef}l,) 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 InitP30 RRefl> ORPrcCelil, set P30 RRef! = ORPrcCeil,
If InitP30 RRef} < ORPrcFlIr, set PX0RRef! = ORPrcFir,
Otherwise, set P30 RRef} = InitP30 RRef}.

If InitP10 NRefl > ORPrcCeil, set PLONRef: = ORPrcCeil
If InitP10 NRef} < ORPrcFIr, set PLONRef} = ORPrcFIr
Otherwise, set PLONRef! = InitP10 NRef}

If InitP10SRef!,ORPrcFIr> ORPrcCelil, set
P10SRefl= ORPrcCeil

If InitP10SRef!,ORPrcFIr < ORPrcFIr, set
P10SRef! = ORPrcFir

Otherwise, set PLOSRef! = InitP10SRef}

11.4.1.4 If the initial locational marginal price (InitLSORPl;lb,
InitLloNﬁ}b, or InitL10SPY) is not within the settlement bounds

(ORPrcFlr, ORPrcCelil), then the real-time calculation engine shall
modify the locational marginal price for each class of operating reserve
as follows:

If [nitL30 RE),> ORPrcCeil, set L30REY, = ORPrcCeil,
If nitL30 RPY, < ORPrcFIr, set L30RPy, = ORPrcFIr,

Otherwise, set L30RP,y, = [nitL30RE,.

If [nitL10 NBy> ORPrcCeil, set LIONEY, = ORPrcCeil,
If InitL1O NP}, < ORPrcFlIr, set L\ONPy, = ORPrcFIr,

Otherwise, set LLONB,= InitL1ONE),.
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If [nitl10SE}, > ORPrcCeil, set L10SPy, = ORPrcCeil,
If InitL10SP}, < ORPrcFIr, set L10SP, = ORPrcFIr,
Otherwise, set L10SPY, = InitL10SP,

11.4.1.5 If the initial locational marginal price (1111'1‘L30RP1;1 ,
InitL10 NP, or InitL10SPY) is not within the settlement bounds

(ORPrcFiIr, ORPrcCelil), then the real-time calculation engine shall
modify the congestion component for each class of operating reserve as
follows:

Set P30RCongj, = L30RE, — P30RRef};
Set PLONCongj, = LIONE), — PLONRef}; and
Set P10SCong}, = L10SPy, — PLOSRef}.

11.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

11.4.2.1 The real-time calculation engine shall calculate locational marginal
prices and components for operating reserve for Pass 1 and each interval
i € I, for intertie zone bus d € D, where:

114.2.1.1  ExtL30RPF., designates the Pass 1 interval i locational
marginal price for thirty-minute operating reserve,

11.42.1.2  ExtL3 ORE;IZ,D designates the locational marginal price for
thirty-minute operating reserve for the dispatch hour in
which interval 7 falls as calculated by the pre-dispatch
calculation engine;

11.42.1.3 PBOREXtCong};d designates the Pass 1 interval 7 intertie

congestion component for thirty-minute operating
reserve,

11.42.1.4 PSOREXtCongf 2 designates the intertie congestion
component for thirty-minute operating reserve for the
dispatch hour in which interval 7 falls as calculated by the
pre-dispatch calculation engine,

114.2.1.5  ExtL10 NP designates the Pass 1 interval / locational
marginal price for non-synchronized ten-minute
operating reserve;
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11.4.2.1.6

11.42.1.7

11.42.1.8

11.42.1.9

11.4.2.1.10

11.4.2.1.11

11.4.2.1.12

EXtLlON%D designates the locational marginal price for
non-synchronized ten-minute operating reserve for the
dispatch hour in which interval 7 falls as calculated by the
pre-dispatch calculation engine;

P30RRef} designates the Pass 1 interval i locational
marginal price for thirty-minute operating reserve at the
reference bus;

PSOR]ntCong}d designates the Pass 1 interval 7internal

congestion component for thirty-minute operating
reserve;

P10NRef! designates the Pass 1 interval 7 locational
marginal price for non-synchronized ten-minute
operating reserve at the reference bus;

PlON]ntCong};d designates the Pass 1 interval 7internal

congestion component for non-synchronized ten-minute
operating reserve;

PlONEXtCong};d designates the Pass 1 interval 7 intertie

congestion component for non-synchronized fen-minute
operating reserve; and

PlONExtCongf 2 designates the intertie congestion
component for non-synchronized ten-minute operating
reserve for the dispatch hour in which interval 7 falls as
calculated by the pre-dispatch calculation engine.

11.4.2.2 The real-time calculation engine shall calculate an initial locational
marginal price, a locational marginal price at the reference bus, an
internal congestion component and an infertie congestion component for
Pass 1 at intertie zone bus d € Din interval 7 € [, for each class of
operating reserve, subject to section 11.4.2.8, as follows:

InitintL30 RE; = InitP30RRef} + InitP30 RintCong,

where:

InitP30 RRef} = SP30R;

and
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InitP30RIntCong},
_ Z SPREGMin30R},
rEORREG,

- Z SPREGMax30R},
rEORREG

InitIintL10 NPy = InitP10NRef} + InitP10 NIntCong; ;
where:

InitPLONRef!=SP10 R+ SP30 R:

and

Jr'nitPl01’\HntC(:!ng}JaI

_ Z (SPREGMin10R}, + SPREGMin30R},)
rEORREGq4

- Z (SPREGMax10R}, + SPREGMax30R},)
TEORREG 4

11.42.3 The real-time calculation engine shall calculate initial locational
marginal prices, and its components for Pass 1 at intertie zone bus d€ D
in interval 7€ I for each class of operating reserve as follows:

11.42.3.1  Ifthe intertie is import congested in pre-dispatch
(P30RExtCong!i < 0 or PLONExtCongly < 0), then the

prices and components are determined in accordance with
section 11.4.2.4;

11.4.2.3.2  If the intertie is not import congestion in pre-dispatch
(P30RExtCong’] > 0 or PLONExtCongly >0 ) orif an
intertie zone is out-of-service, then the prices and

components are determined in accordance with section
11.4.2.5.

11.4.2.4 The real-time calculation engine shall calculate an initial locational
marginal price and an external congestion component for the intertie
congestion price for each class of operating reserve for Pass 1 at intertie
zone bus d € Din interval 7€ /as follows:

InitExtL30 RPL, = min(InitintL30 RP., ExtL30RE'Y);
and
InitP30 RExtCong, 4= InitExtL30 RP.; — InitintL30 RPy.
InitExtL10 NPy = min(InitintL10 NBY;, ExtL10 NPLY);

and
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11.4.2.5

InitP10NExtCongj, = InitExtL10 NPy — InitintL10 NP,

The real-time calculation engine shall calculate an initial locational
marginal price and an external congestion component for the intertie
congestion price for each class of operating reserve for Pass 1 at intertie
zone bus d € Din interval 7€ /as follows:

InitExtL30RE, = InitintL30 RE.;
and
InitP30RExtCongj ;= 0.
InitExtL10 NP, = InitintL10 NF;

and

11.4.2.6

11.4.2.7

InitP10 NExtCongj, = 0.

If the initial locational marginal price (lnitEXtL30RE;1b) 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
thirty-minute operating reserve as follows:

IntL30 R =InitP30 RRef} + InitP30 RintC ong} d
If InitP30 RRef! > ORPrcCeil, set P30 RRef} = ORPrcCeil:
IfInitP30 RRef} < ORPrcFlIr, set P30RRefl = ORPrcFIr,
Otherwise, set P30 RRef} = InitP30 RRef!;
Set P30RIntCong} ;= ExtL30REy, — P30 RRef};
If /HI'Z'EXZ'L30RE;11, > ORPrcCell, set EXtL30RH;1b = ORPrcCell;
If InitExtL30RBY, < ORPrcFIr, set ExtL30RPY, = ORPrcFIr,
Otherwise, EXfL3ORP,;1b = 1111'1‘EX1‘LE’>OR}}1 ; and
Set P30 RExtCong;,= ExtL30RP,, — P30RRef} — P30RIntCong;,

If the initial locational marginal price (InitEXtLloN}}ld) 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:

IntL10 N=InitP10 NRef} + InitP10 NIntCongj,,
If InitP10NRef! > ORPrcCeil , set PO NRef! = ORPrcCelil,
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If InitP10 NRef} < ORPrcFir, set PLONRef! = ORPrcFIr,
Otherwise, PLONRef! = InitP10 NRef}; and
Set PLONIntCong;,= L10NE}, — PLONRef}

If InitExtL10 NP}, > ORPrcCeil,, set ExtL10N Py, = ORPrcCeil,

If InitExtL10 NP}, < ORPrcFIr, set ExtL10N Py, = ORPrcFIr,
Otherwise, EXfL3ORP,;1b = II]I'Z'EXtLlONB;lb; and

Set PION ExtCong} ;= ExtL10NF}, — PLONRef} — P1ON/ntCong;,

11.4.2.8 The locational marginal price calculated by the real-time calculation
engine shall be the same for all boundary entity resource buses at the
same intertie zone. Reserve imports associated with the same boundary
entity resource bus, but specified as ocurring at a different intertie zone,
subject to phase shifter operation, shall be modelled as flowing across
independent paths. Pricing of these reserve imports shall utilize shadow
prices associated with intertie limits and regional minimum and
maximum operating reserve requirements applicable to the path
associated to the relevant intertie zone.

11.5 Pricing for Islanded Nodes

11.5.1 For non-quick start resources that are not connected to the main island, the real-
time calculation engine shall use the following reconnection logic where enabled by
the /ESO in the order set out below to calculate the locational 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.
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11.5.2 For all (i) resources other than those specified in section 11.5.1 not connected to
the main island, (ii) non-quick start resources where a price was not able to be
determined in accordance with section 11.5.1; the real-time calculation engine shall
use the following logic in the order set out below to calculate locational marginal
prices for energy, using a node-level and facility-level substitution list determined by
the /ESO:
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11.5.2.1

11522

11.5.2.3

11.5.2.4

11.5.2.5

Use the locational marginal price for energy at a node in the node-level
substitution list where defined and enabled by the /ESO, provided such
node is connected to the main island,

If no such nodes are identified, use the average locational marginal price
for energy of all nodes at the same voltage level within the same facility
that are connected to the main island,

If no such nodes are identified, use the average locational marginal price
for energy of all nodes within the same facility that are connected to the
main island,

If no such nodes are identified, use the average locational marginal price
for energy of all nodes from another facility that is connected to the main
island, as determined by the facility-level substitution list where defined
and enabled by the /ESO; and

If a price is unable to be determined in accordance with sections 11.5.2.1
through 11.5.2.4, use the locational marginal price for energy for the
reference bus.
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	4.1.6 ,B-HE. ⊆, B-DG. designates the subset of buses identifying dispatchable hydroelectric generation resources;
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	4.1.14 ,B-p-ST. ⊆, B-PSU. designates the subset of buses identifying pseudo-units with a share of steam turbine p ∈ PST;
	4.1.15 ,B-VG .⊆ ,B-DG. 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 intertie zones;
	4.1.18 ,D-r-REG .⊆ D designates the set of intertie zone buses identifying boundary entity resources in operating reserve region r ∈ ORREG;
	4.1.19 ,D-a. ⊆ 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  intertie zone buses identifying boundary entity resources that correspond to import offers;
	4.1.21 ,DI-a. ⊆, D-a. designates the subset of intertie zone buses identifying boundary entity resources that correspond to import offers in intertie zone a ∈ A;
	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-a. ⊆ ,D-a. designates the subset of intertie zone buses identifying boundary entity resources that correspond to export bids in intertie zone a ∈ A;
	4.1.24 F designates the set of facilities and groups of facilities for which transmission constraints may be identified;
	4.1.25 ,F-i. ⊆ F designates the set of facilities whose pre-contingency limit was violated in interval i as determined by a preceding security assessment function iteration;
	4.1.26 ,F-i,c. ⊆ F designates the set of facilities whose post-contingency limit for contingency c is violated in interval i as determined by a preceding security assessment function iteration;
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	4.1.28 ,J-i,b-E. designates the set of bid laminations for energy at b ∈, B-DL. for interval i ∈ I;
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	4.1.33 ,K-i,b-DR. ⊆, K-i,b-E. designates the set of offer laminations for energy corresponding to the dispatchable region of a pseudo-unit at bus ,b ∈ B-PSU. in interval i ∈ I;
	4.1.34 ,K-i,b-E. designates the set of offer laminations for energy at b ∈, B-NDG .∪, B-DG. for interval i ∈ I;
	4.1.35 ,K-i,b-MLP. ⊆, K-i,b-E. designates the set of offer laminations for energy corresponding to the minimum loading point region of a pseudo-unit at bus ,b ∈ B-PSU. in interval i ∈ I;
	4.1.36 ,K-i,b-10S. designates the set of offer laminations for synchronized ten-minute operating reserve at bus b ∈, B-DG. for interval i ∈ I;
	4.1.37 ,K-i,b-10N. designates the set of offer laminations for non-synchronized ten-minute operating reserve at bus b ∈ ,B-DG. for interval i ∈ I;
	4.1.38 ,K-i,b-30R. designates the set of offer laminations for thirty-minute operating reserve at bus b ∈ ,B-DG. for interval i ∈ I;
	4.1.39 L designates the set of buses where the locational marginal prices represent prices for delivery points associated with non-dispatchable and dispatchable generation resources, dispatchable loads, hourly demand response resources, price responsi...
	4.1.40 ,L-m-VIRT.⊆ L designates the buses contributing to the virtual zonal price for virtual transaction zone m ∈ M;
	4.1.41 ,L-y-NDL.⊆ L designates the buses contributing to the zonal price for non-dispatchable load zone y ∈ Y;
	4.1.42 M designates the set of virtual transaction zones;
	4.1.43 PST designates the set of steam turbines offered as part of a pseudo-unit;
	4.1.44 Y designates the non-dispatchable load zones in Ontario.

	4.2 Market Participant Data Parameters
	4.2.1 With respect to a non-dispatchable generation resource identified by bus b ∈ ,B-NDG.:
	4.2.1.1 ,FNDG-i,b. designates the fixed quantity of energy scheduled for interval i ∈ I;
	4.2.1.2 ,PNDG-i,b,k. designates the price for the maximum incremental quantity of energy in interval i ∈ I in association with offer lamination k ∈ ,K-i,b-E.; and
	4.2.1.3 ,QNDG-i,b,k. designates the maximum incremental quantity of energy that may be scheduled in interval i ∈ I in association with offer lamination k ∈ ,K-i,b-E..

	4.2.2 With respect to a dispatchable generation resource identified by bus b ∈, B-DG.:
	4.2.2.1 ,DRRDG-i,b,w. for w ∈ {1,..,,NumRRDG-i,b.} designates the maximum ramp rate in MW per minute at which the resource can decrease the amount of energy it supplies in interval i ∈ I while operating in the range between ,RmpRngMaxDG-i,b,w-1. and ,...
	4.2.2.2 ,NumRRDG-i,b. designates the number of ramp rates provided for interval i ∈ I;
	4.2.2.3 ,ORRDG-b. designates the maximum operating reserve ramp rate in MW per minute;
	4.2.2.4 ,PDG-i,b,k. designates the price for the maximum incremental quantity of energy  in interval i ∈ I in association with offer lamination ,k ∈ K-i,b-E.;
	4.2.2.5 ,P10SDG-i,b,k. designates the price for the maximum incremental quantity of synchronized ten-minute operating reserve in interval i ∈ I in association with offer lamination k ∈ ,K-i,b-10S.;
	4.2.2.6 ,P10NDG-i,b,k. 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-i,b-10N.;
	4.2.2.7 ,P30RDG-i,b,k. designates the price for the maximum incremental quantity of thirty-minute operating reserve in interval i ∈ I in association with offer lamination k ∈ ,K-i,b-30R.;
	4.2.2.8 ,QDG-i,b,k. designates the maximum incremental quantity of energy above the minimum loading point that may be scheduled in interval i ∈ I in association with offer lamination ,k ∈ K-i,b-E.;
	4.2.2.9 ,Q10SDG-i,b,k. designates the maximum incremental quantity of synchronized ten-minute operating reserve in interval i ∈ I in association with offer lamination k ∈ ,K-i,b-10S.;
	4.2.2.10 ,Q10NDG-i,b,k. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve in interval i ∈ I in association with offer lamination k ∈, K-i,b-10N.;
	4.2.2.11 ,Q30RDG-i,b,k. designates the maximum incremental quantity of thirty-minute operating reserve in interval i ∈ I in association with offer lamination k ∈, K-i,b-30R.;
	4.2.2.12 ,RLP30R-i,b. designates the reserve loading point for thirty-minute operating reserve in interval i ∈ I;
	4.2.2.13 ,RLP10S-i,b. designates the reserve loading point for synchronized ten-minute operating reserve in interval i ∈ I;
	4.2.2.14 ,RmpRngMaxDG-i,b,w. for w ∈ {1,..,,NumRRDG-i,b.} designates the wth ramp rate break point for interval i ∈ I;
	4.2.2.15 ,URRDG-i,b,w. for w ∈ {1,..,,NumRRDG-i,b.} designates the maximum ramp rate in MW per minute at which the resource can increase the amount of energy it supplies in interval i ∈ I while operating in the range between ,RmpRngMaxDG-i,b,w-1. and ...

	4.2.3 With respect to a dispatchable non-quick start resource identified by bus b ∈, B-NQS.:
	4.2.3.1 ,MinQDG-b. 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.

	4.2.4 With respect to a dispatchable hydroelectric generation resource identified by bus b ∈ ,B-HE.:
	4.2.4.1  (,ForL-i,b,w.,,ForU-i,b,w.) for w ∈ {1,..,,NFor-i,b.} designate the lower and upper limits of the forbidden regions in interval i ∈ I and indicate that the resource cannot be scheduled between ,ForL-i,b,w. and ,ForU-i,b,w. for all w ∈ {1,..,,...

	4.2.5 With respect to a pseudo-unit identified by bus b ∈ ,B-PSU.:
	4.2.5.1 ,STShareMLP-b. designates the steam turbine share of the minimum loading point region; and
	4.2.5.2 ,STShareDR-b. designates the steam turbine share of the dispatchable region.

	4.2.6 With respect to a generation resource with no offer for energy identified by bus b ∈, B-NoOffer.:
	4.2.6.1 ,FNOG-i,b. designates the fixed quantity of energy scheduled for injection for interval i ∈ I determined by the IESO's energy management system.

	4.2.7 With respect to a dispatchable load identified by bus b ∈ ,B-DL.:
	4.2.7.1 ,DRRDL-i,b,w. for w ∈ {1,..,,NumRRDL-i,b.} designates the maximum ramp rate in MW per minute at which the dispatchable load can decrease its amount of energy consumption in interval i ∈ I while operating in the range between ,RmpRngMaxDL-i,b,w...
	4.2.7.2 ,NumRRDL-i,b. designates the number of ramp rates provided for interval i ∈ I;
	4.2.7.3 ,ORRDL-b. designates the operating reserve ramp rate in MW per minute for reductions in load consumption;
	4.2.7.4 ,PDL-i,b,j. designates the price for the maximum incremental quantity of energy in interval i ∈ I in association with bid lamination j ∈, J-i,b-E.;
	4.2.7.5 ,P10NDL-i,b,j. designates the price for the maximum incremental quantity of non-synchronized ten-minute operating reserve in interval i ∈ I in association with offer lamination j ∈ ,J-i,b-10N.;
	4.2.7.6 ,P10SDL-i,b,j. designates the price for the maximum incremental quantity of synchronized ten-minute operating reserve in interval i ∈ I in association with offer lamination j ∈ ,J-i,b-10S.;
	4.2.7.7 ,P30RDL-i,b,j. designates the price for the maximum incremental quantity of thirty-minute operating reserve in interval i ∈ I in association with offer lamination j ∈, J-i,b-30R.;
	4.2.7.8 ,QDL-i,b,j. designates the maximum incremental quantity of energy that may be scheduled in interval i ∈ I in association with bid lamination j ∈, J-i,b-E.;
	4.2.7.9 ,QDLFIRM-i,b. designates the quantity of energy that is bid at the maximum market clearing price in interval i ∈ I;
	4.2.7.10 ,Q10NDL-i,b,j. designates the maximum incremental quanity of  non-synchronized ten-minute operating reserve that may be scheduled in interval i ∈ I in association with offer lamination j ∈, J-i,b-10N.;
	4.2.7.11 ,Q10SDL-i,b,j. designates the maximum incremental quantity of synchronized ten-minute operating reserve that may be scheduled in interval i ∈ I in association with offer lamination j ∈ ,J-i,b-10S.;
	4.2.7.12 ,Q30RDL-i,b,j. designates the maximum incremental quantity of thirty-minute operating reserve that may be scheduled in interval i ∈ I in association with offer lamination j ∈ ,J-i,b-30R.;
	4.2.7.13 ,RmpRngMaxDL-i,b,w. for w ∈ {1,..,,NumRRDL-i,b.} designates the wth ramp rate break point for interval i ∈ I;
	4.2.7.14 ,URRDL-i,b,w. for w ∈ {1,..,,NumRRDL-i,b.} designates the maximum ramp rate in MW per minute at which the dispatchable load can increase its amount of energy consumption in interval i ∈ I while operating in the range between ,RmpRngMaxDL-i,b,...

	4.2.8 With respect to an hourly demand response resource identified by bus b ∈ ,B-HDR.:
	4.2.8.1 ,FHDR-i,b. designates the fixed schedule of energy consumption for interval i ∈ I determined by the activation of the hourly demand response resource.

	4.2.9 With respect to a dispatchable load with no bid for energy at bus b ∈ ,B-NoBid.:
	4.2.9.1 ,FNBL-i,b. designates the fixed quantity of energy scheduled for consumption for interval i ∈ I determined by the IESO's energy management system.

	4.2.10 With respect to a boundary entity resource import at intertie zone bus d ∈ DI, where the locational marginal price represents the price for the intertie metering point and its fixed schedules are the most recent interchange schedules:
	4.2.10.1 ,FIGPrc-i,d. designates the fixed quantity of energy scheduled to import for interval i ∈ I and used for calculating locational marginal prices;
	4.2.10.2 ,FIGSch-i,d. designates the fixed quantity of energy scheduled to import for interval i ∈ I and used for determining schedules;
	4.2.10.3 ,F10NIGPrc-i,d. designates the fixed quantity of non-synchronized ten-minute operating reserve scheduled for interval i ∈ I and used for calculating locational market prices;
	4.2.10.4 ,F10NIGSch-i,d. designates the fixed quantity of non-synchronized ten-minute operating reserve scheduled for in interval i ∈ I and used for determining schedules;
	4.2.10.5 ,F30RIGPrc-i,d. designates the fixed quantity of thirty-minute operating reserve scheduled for interval i ∈ I and used for calculating locational marginal prices; and
	4.2.10.6 ,F30RIGSch-i,d. designates the fixed quantity of thirty-minute operating reserve scheduled for interval i ∈ I and used for determining schedules.

	4.2.11 With respect to a boundary entity resource export at intertie zone bus d ∈ DX, where the locational marginal price represents the price for the intertie metering point and its fixed schedules are the most recent interchange schedules:
	4.2.11.1 ,FXLPrc-i,d. designates the fixed quantity of energy scheduled to export for interval i ∈ I and used for calculating locational marginal prices;
	4.2.11.2 ,FXLSch-i,d. designates the fixed quantity of energy scheduled to export for interval i ∈ I and used for determining schedules;
	4.2.11.3 ,F10NXLPrc-i,d. designates the fixed quantity of non-synchronized ten-minute operating reserve scheduled for interval i ∈ I and used for calculating locational marginal prices;
	4.2.11.4 ,F10NXLSch-i,d. designates the fixed quantity of non-synchronized ten-minute operating reserve scheduled for interval i ∈ I and used for determining schedules;
	4.2.11.5 ,F30RXLPrc-i,d. designates the fixed quantity of thirty-minute operating reserve scheduled for interval i ∈ I and used for calculating locational marginal prices; and
	4.2.11.6 ,F30RXLSch-i,d. designates the fixed quantity of thirty-minute operating reserve scheduled for interval i ∈ I and used for determining schedules.


	4.3 IESO Data Parameters
	4.3.1 Variable Generation Forecast
	4.3.1.1 ,FG-i,b. designates the IESO’s centralized variable generation forecast for a variable generation resource identified by bus b ∈ ,B-VG. for interval i ∈ I.

	4.3.2 Variable Generation Tie-Breaking
	4.3.2.1 ,NumVG-i. designates the number of variable generation resources in the daily dispatch order for interval i ∈ I; and
	4.3.2.2 ,TBM-i,b. ∈ {1,..,N,umVG-i.} designates the tie-breaking modifier for the variable generation resource at bus b ∈ ,B-VG. for interval i ∈ I.

	4.3.3 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-i,r. designates the minimum requirement for total ten-minute operating reserve in region r ∈ ORREG in interval i ∈ I;
	4.3.3.3 ,REGMin30R-i,r. designates the minimum requirement for thirty-minute operating reserve in region r ∈ ORREG in interval i ∈ I;
	4.3.3.4 ,REGMax10R-i,r. designates the maximum amount of total ten-minute operating reserve that may be scheduled in region r ∈ ORREG in interval i ∈ I;
	4.3.3.5 ,REGMax30R-i,r. designates the maximum amount of thirty-minute operating reserve that may be scheduled in region r ∈ ORREG in interval i ∈ I;
	4.3.3.6 ,TOT10S-i. designates the synchronized ten-minute operating reserve requirement;
	4.3.3.7 ,TOT10R-i. designates the total ten-minute operating reserve requirement; and
	4.3.3.8 ,TOT30R-i. 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 o...
	4.3.4.1.1 ,MaxDF-i,b. designates the maximum output limit in interval i for the duct firing region of a pseudo-unit at bus 𝑏∈,𝐵-𝑃𝑆𝑈.;
	4.3.4.1.2 ,MaxDG-i,b. designates the most restrictive maximum output limit for the dispatchable generation resource in interval i at bus b ∈, B-DG.;
	4.3.4.1.3 ,MaxDL-i,b. designates the most restrictive maximum consumption limit for the dispatchable load in interval i at bus b ∈ ,B-DL.;
	4.3.4.1.4 ,MaxDR-i,b. designates the maximum output limit in interval i for the dispatchable region of a pseudo-unit at bus b ∈, B-PSU.;
	4.3.4.1.5 ,MinDG-i,b. designates the most restrictive minimum output limit for the dispatchable generation resource in interval i at bus b ∈ ,B-DG.; and
	4.3.4.1.6 ,MinDL-i,b. designates the most restrictive minimum consumption limit for the dispatchable load in interval i at bus b ∈ ,B-DL..

	4.3.5 Control Action Adjustments for Pricing
	4.3.5.1 ,CAAdj-i. 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-i,w.,,QLdViolSch-i,w.) for w ∈ {1,..,,N-,LdViol-i..} 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-i,w.,,QLdViolPrc-i,w.) for w ∈ {1,..,,N-,LdViol-i..} 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-i,w.,,QGenViolSch-i,w.) for w ∈ {1,..,,N-,GenViol-i..} 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-i,w.,,QGenViolPrc-i,w.) for w ∈ {1,..,,N-,GenViol-i..} 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-i,w.,,Q10SViolSch-i,w.) for w ∈ {1,..,,N-,10SViol-i..} 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-i,w.,,Q10SViolPrc-i,w.) for w ∈ {1,..,,N-,10SViol-i..} 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-i,w.,,Q10RViolSch-i,w.) for w ∈ {1,..,,N-,10RViol-i..} 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;
	4.3.6.8 (,P10RViolPrc-i,w.,,Q10RViolPrc-i,w.) for w ∈ {1,..,,N-,10RViol-i..} 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;
	4.3.6.9 (,P30RViolSch-i,w.,,Q30RViolSch-i,w.) for w ∈ {1,..,,N-,30RViol-i..} designate the price-quantity segments of the penalty curve for the total thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve r...
	4.3.6.10 (,P30RViolPrc-i,w.,,Q30RViolPrc-i,w.) for w ∈ {1,..,,N-,30RViol-i..} designate the price-quantity segments of the penalty curve for the total thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve ...
	4.3.6.11 (,PREG10RViolSch-i,w.,,QREG10RViolSch-i,w.) for w ∈ {1,..,,N-,REG10RViol-i..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve minimum requirements used by the Real-Time Scheduling algorit...
	4.3.6.12 (,PREG10RViolPrc-i,w.,,QREG10RViolPrc-i,w.) for w ∈ {1,..,,N-,REG10RViol-i..} 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 ...
	4.3.6.13 (,PREG30RViolSch-i,w.,,QREG30RViolSch-i,w.) for w ∈ {1,..,,N-,REG30RViol-i..} designate the price-quantity segments of the penalty curve for area thirty-minute operating reserve minimum requirements used by the Real-Time Scheduling algorithm ...
	4.3.6.14 (,PREG30RViolPrc-i,w.,,QREG30RViolPrc-i,w.) for w ∈ {1,..,,N-,REG30RViol-i..} 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 ...
	4.3.6.15 (,PXREG10RViolSch-i,w.,,QXREG10RViolSch-i,w.) for w ∈ {1,..,,N-,XREG10RViol-i..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve maximum restrictions used by the Real-Time Scheduling algo...
	4.3.6.16 (,PXREG10RViolPrc-i,w.,,QXREG10RViolPrc-i,w.) for w ∈ {1,..,,N-,XREG10RViol-i..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve maximum restrictions used by the Real-Time Pricing algorit...
	4.3.6.17 (,PXREG30RViolSch-i,w.,,QXREG30RViolSch-i,w.) for w ∈ {1,..,,N-,XREG30RViol-i..} designate the price-quantity segments of the penalty curve for area total thirty-minute operating reserve maximum restrictions used by the Real-Time Scheduling a...
	4.3.6.18 (,PXREG30RViolPrc-i,w.,,QXREG30RViolPrc-i,w.) for w ∈ {1,..,,N-,XREG30RViol-i..} designate the price-quantity segments of the penalty curve for area total thirty-minute operating reserve maximum restrictions used by the Real-Time Pricing algo...
	4.3.6.19 (,PPreITLViolSch-f,i,w., ,QPreITLViolSch-f,i,w.) for w ∈ {1,..,,N-,PreITLViol-f,i..} designate the price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the transmission constraint for facility f ∈ F used by ...
	4.3.6.20 (,PPreITLViolPrc-f,i,w., ,QPreITLViolPrc-f,i,w.) for w ∈ {1,..,,N-,PreITLViol-f,i..} designate the price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the transmission constraint for facility f ∈ F used by ...
	4.3.6.21 (,PITLViolSch-c,f,i,w., ,QITLViolSch-c,f,i,w.) for w ∈ {1,..,,N-,ITLViol-c,f,i..} designate the price-quantity segments of the penalty curve for exceeding the contingency c ∈ C post-contingency limit of the transmission constraint for facilit...
	4.3.6.22 (,PITLViolPrc-c,f,i,w., ,QITLViolPrc-c,f,i,w.) for w ∈ {1,..,,N-,ITLViol-c,f,i..} designate the price-quantity segments of the penalty curve for exceeding the contingency c ∈ C post-contingency limit of the transmission constraint for facilit...
	4.3.6.23 NISLPen designates the net interchange scheduling limit constraint violation penalty price for locational marginal pricing.

	4.3.7 Price Bounds
	4.3.7.1 EngyPrcCeil designates and is equal to the maximum market clearing price for energy;
	4.3.7.2 EngyPrcFlr designates and is equal to the settlement floor price for energy;
	4.3.7.3 ORPrcCeil designates and is equal to the maximum operating reserve price for all classes of operating reserve; and
	4.3.7.4 ORPrcFlr designates the minimum price for all classes of operating reserve and is equal to $0/MW.

	4.3.8 Weighting Factors for Zonal Prices
	4.3.8.1 ,WF-i,m,b-VIRT. designates the weighting factor for bus b ∈  ,L-m-VIRT. used to calculate the price for virtual transaction zone m ∈ M for interval i ∈ I and shall be equal to the weighting factor used in the day-ahead market for the applicabl...
	4.3.8.2 ,W𝐹-i,y,𝑏-ND𝐿. designates the weighting factor for bus b ∈  ,𝐿-𝑦-ND𝐿. used to calculate the price for non-dispatchable load zone y ∈ Y for interval i ∈ I and shall be obtained by renormalizing the load distribution factors so that the su...


	4.4 Other Data Parameters
	4.4.1 Non-Dispatchable Demand Forecast
	4.4.1.1 ,𝐹𝐿-𝑖. designates the five-minute province-wide non-dispatchable demand forecast for interval i ∈ I calculated by the security assessment function.

	4.4.2 Internal Transmission Constraints
	4.4.2.1 ,PreConSF-i,f,b. designates the pre-contingency sensitivity factor for bus b ∈ B ∪ D indicating the fraction of energy injected at bus b which flows on facility f during interval i under pre-contingency conditions;
	4.4.2.2 ,AdjNormMaxFlow-i,f. designates the limit corresponding to the maximum flow allowed on facility f in interval 𝑖 under pre-contingency conditions;
	4.4.2.3 ,SF-i,c,f,b. designates the post-contingency sensitivity factor for bus b ∈ B ∪ D indicating the fraction of energy injected at bus b which flows on facility f during interval i under post-contingency conditions for contingency 𝑐; and
	4.4.2.4 ,AdjEmMaxFlow-i,c,f. designates the limit corresponding to the maximum flow allowed on facility f in interval i under post-contingency conditions for contingency c.

	4.4.3 Transmission Losses
	4.4.3.1 ,LossAdj-i. designates any adjustment needed for interval i ∈ I to correct for any discrepancy between Ontario total system losses calculated using a base case power flow from the security assessment function and linearized losses that would b...
	4.4.3.2 ,MglLoss-i,b. designates the marginal loss factor and represents the marginal impact on transmission losses resulting from transmitting energy from the reference bus to serve an increment of additional load at resource bus b ∈ B ∪ D in interva...



	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 2.2.1 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 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 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 island in place of the reference bus if the reference bus does not fall within the main island.


	5.4 Variable Generation Tie-Breaking
	5.4.1 For each interval i ∈ I, each variable generation resource bus b ∈ ,B-VG. and each offer lamination ,k ∈ K-i,b-E., the offer price ,PDG-i,b,k. shall be updated to ,PDG-i,b,k.-,,,TBM-i,b.-,NumVG-i...ρ, where ρ is a small nominal value of order ,1...

	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 deteremined by the IESO’s energy management system and the schedules from the previous real-time calculation engine run, where:
	5.6.1.1.1 ,RTDLTel--1,b. designates the energy management system MW value for the dispatchable load at bus b ∈ ,B-DL.;
	5.6.1.1.2 ,SDLSch-0,b-Prev. designates the schedule determined for the dispatchable load at bus b ∈ ,B-DL. by the Real-Time Scheduling algorithm in section 8, of the previous real-time calculation engine run;
	5.6.1.1.3 ,RTDGTel--1,b. designates the energy management system MW value for the dispatchable generation resource at bus b ∈ ,B-DG.;
	5.6.1.1.4 ,SDGSch-0,b-Prev. designates the schedule determined for the dispatchable generation resource at bus b ∈ ,B-DG. by the Real-Time Scheduling algorithm in section 8, of the previous real-time calculation engine run;
	5.6.1.1.5 ,SDLPrc-0,b-Prev. designates the schedule determined for the dispatchable load at bus b ∈, B-DL. by the Real-Time Pricing algorithm in section 9, of the previous real-time calculation engine run; and
	5.6.1.1.6 ,SDGPrc-0,b-Prev. designates the schedule determined for the dispatchable generation resource at bus b ∈ ,B-DG. by the Real-Time Pricing algorithm in section 9, of the previous real-time calculation engine run.
	5.6.1.2 For the dispatchable load at bus b, the intitial schedule, ,SDLInitSch-0,b., for the Real-Time Scheduling algorithm in section 8, shall be determined as follows:
	5.6.1.2.1 Step 1: Calculate ,TelUp-0,b. using the submitted up ramp rates and break points to determine the maximum consumption level the dispatchable load can achieve in five minutes from ,RTDLTel--1,b.;
	5.6.1.2.2 Step 2: Calculate ,TelDown-0,b. 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--1,b.; and
	5.6.1.2.3 Step 3: If the schedule from the previous real-time calculation engine run is achievable by ramping from the ,RTDLTel--1,b., then set the initial schedule to the schedule from the previous real-time calculation engine run. Otherwise, set the...
	If ,TelDown-0,b. ≤, SDLSch-0,b-Prev. ≤, TelUp-0,b., then set ,SDLInitSch-0,b. = ,SDLSch-0,b-Prev.
	If ,SDLSch-0,b-Prev. <, TelDown-0,b., then set ,SDLInitSch-0,b. =, TelDown-0,b.
	Otherwise, set ,SDLInitSch-0,b. =, TelUp-0,b..
	5.6.1.3 For the dispatchable generation resource at bus b, the intitial schedule, ,SDGInitSch-0,b., for the Real-Time Scheduling algorithm in section 8, shall be determined as follows:
	5.6.1.3.1 Step 1: Calculate ,TelUp-0,b. using the submitted up ramp rates and break points to determine the maximum production level the resource can achieve in five minutes from ,RTDGTel--1,b.;
	5.6.1.3.2 Step 2: Calculate ,𝑇𝑒𝑙𝐷𝑜𝑤𝑛-0,𝑏. using the submitted down ramp rates and break points to determine the minimum production level the resource can achieve in five minutes from ,𝑅𝑇𝐷𝐺𝑇𝑒𝑙-−1,𝑏.; 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-−1,𝑏., then set the initial schedule to the schedule from the previous real-time calculation engine run. Otherwise,...
	If ,TelDown-0,b .≤ ,SDGSch-0,b-Prev. ≤, TelUp-0,b. then set ,SDGInitSch-0,b .= ,SDGSch-0,b-Prev.
	If ,SDGSch-0,b-Prev. < ,TelDown-0,b. then set ,SDGInitSch-0,b. =, TelDown-0,b.
	Otherwise, set ,SDGInitSch-0,b .= ,TelUp-0,b..
	5.6.1.4 For the dispatchable load at bus b, the intitial schedule, ,SDLInitPrc-0,b., for the Real-Time Pricing algorithm in section 9, shall be determined as follows:
	If ,SDLSch-0,b-Prev.  ≤  ,SDLPrc-0,b-Prev. ≤ ,SDLInitSch-0,b. or ,SDLInitSch-0,b .≤ ,SDLPrc-0,b-Prev.≤ ,SDLSch-0,b-Prev., then set ,SDLInitPrc-0,b.= ,SDLInitSch-0,b.;
	Otherwise set ,SDLInitPrc-0,b. =  ,SDLPrc-0,b-Prev..
	5.6.1.5 For the dispatchable generation at bus b, the intitial schedule ,SDGInitPrc-0,b., 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-0,b-Prev.  ≤  ,SDGPrc-0,b-Prev. ≤ , SDGInitSch-0,b. or ,SDGInitSch-0,b. ≤  ,SDGPrc-0,b-Prev. ≤  ,SDGSch-0,b-Prev. then set ,SDGInitPrc-0,b. =  ,SDGInitSch-0,b.;
	Otherwise set ,SDGInitPrc-0,b. =  ,SDGPrc-0,b-Prev..

	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 ∈ ,B-NQS. and interval i ∈ I shall be based on the following parameters that are determined based on observed resource operation as well as confirmed start-up and shutdown times:
	5.6.2.1.1 ,AtZero-i,b. ∈ {0,1}, which designates that the resource is scheduled to be offline;
	5.6.2.1.2 ,SU-i,b .∈ {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 ,AtMLP-i,b.∈ {0,1}, which designates that the resource is scheduled to operate at or above its minimum loading point due to a minimum generation constraint or the resource shutdown has yet to be confirmed by the IESO;
	5.6.2.1.4 ,EvalSD-i,b. ∈ {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 IESO, and the resource can be evaluated for energy schedules below its minimu...
	5.6.2.1.5 ,SD-i,b. ∈ {0,1}, which designates that the resource must be scheduled on its shutdown trajectory. This input may indicate an upcoming mandatory shutdown or that the resource has already started ramping down.
	5.6.2.2 For all parameters in section 5.6.2.1:
	,AtZero-i,b. +, SU-i,b. +,AtMLP-i,b. + ,EvalSD-i,b. +, SD-i,b. = 1.



	6 Security Assessment Function in the Real-Time Calculation Engine
	6.1 Interaction between the Security Assessment Function and Optimization Functions
	6.1.1 The scheduling and pricing algorithms of the real-time calculation engine pass shall perform multiple iterations of the optimization functions and the security assessment function to check for violations of monitored thermal limits and operating...
	6.1.2 As multiple iterations are performed, the transmission constraints produced by the security assessment function shall be used by the optimization functions.
	6.1.3 The security assessment function shall use the physical resource representation of combined cycle facilities that are registered as pseudo-units.

	6.2 Inputs into the Security Assessment Function
	6.2.1 The security assessment function shall use the following inputs:
	6.2.1.1 the IESO demand forecasts; and
	6.2.1.2 applicable IESO-controlled grid information pursuant to section 3A.1 of Chapter 7.

	6.2.2 The security assessment function shall also use the following outputs of the optimization functions:
	6.2.2.1 the schedules for dispatchable loads and hourly demand response resources;
	6.2.2.2 the schedules for non-dispatchable generation resources and dispatchable generation resources; and
	6.2.2.3 the schedules for boundary entity resources at each intertie zone.


	6.3 Security Assessment Function Processing
	6.3.1 The security assessment function shall determine the province-wide non-dispatchable demand forecast quantity, ,𝐹𝐿-𝑖., using demand forecasts for demand forecast areas, the IESO’s energy management system MW quantities and the scheduled quanti...
	6.3.1.1 sum the IESO 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 hourly demand response resources; and
	6.3.1.4 subtract the expected consumption of all dispatchable loads.

	6.3.2 The security assessment function shall perform the following calculations and analyses:
	6.3.2.1 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 ...
	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...
	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 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.
	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 point to t...
	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 margi...
	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 6.3.2.9 and the marginal loss facto...
	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.


	6.4 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 interval. The sensitivities and limits associated with the constraints shall be those provided by the most recent security assessment functio...
	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 6.3.2.8 – 6.3.2.11; and
	6.4.1.4 loss adjustment quantity for each interval.



	7 Pass 1: Real-Time Scheduling and Pricing
	7.1.1 Pass 1 shall use market participant and IESO inputs and resource and system constraints to determine a set of resource schedules and locational marginal prices.  Pass 1 shall consist of the following algorithms:
	 the Real-Time Scheduling algorithm described in section 8;
	 the Real-Time Pricing algorithm described in section 9;


	8 Real-Time Scheduling
	8.1 Purpose
	8.1.1 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 ...

	8.2 Information, Sets, Indices and Parameters
	8.2.1 Information, sets, indices and parameters used by Real-Time Scheduling algorithm are described in sections 3 and 4.

	8.3 Variables and Objective Function
	8.3.1 The Real-Time Scheduling algorithm shall solve for the following variables:
	8.3.1.1 ,SDL-i,b,j., which designates the amount of energy that a dispatchable load scheduled at bus b ∈ ,B-DL. in interval i ∈ I in association with lamination j ∈, J-i,b-E.;
	8.3.1.2 ,S10SDL-i,b,j., which designates the amount of synchronized ten-minute operating reserve that a dispatchable load is scheduled to provide at bus b ∈ ,B-DL. in interval i ∈ I in association with lamination j ∈ ,J-i,b-10S.;
	8.3.1.3 ,S10NDL-i,b,j., which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable load is scheduled to provide at bus b ∈, B-DL. in interval i ∈ I in association with lamination j ∈ ,J-i,b-10N.;
	8.3.1.4 ,S30RDL-i,b,j., which designates the amount of thirty-minute operating reserve that a dispatchable load is scheduled to provide at bus b ∈ ,B-DL. in interval i ∈ I in association with lamination j ∈, J-i,b-30R.;
	8.3.1.5 ,SNDG-i,b,k., which designates the amount of energy that a non-dispatchable generation resource scheduled at bus b ∈ ,B-NDG. in interval i ∈ I in association with lamination k ∈ ,K-i,b-E.;
	8.3.1.6 ,SDG-i,b,k., which designates the amount of energy that a dispatchable generation resource is scheduled at bus b ∈ ,B-DG. in interval i ∈ I in association with lamination ,k ∈ K-i,b-E.;
	8.3.1.7 ,S10SDG-i,b,k., which designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG. in interval i ∈ I in association with lamination k ∈ ,K-i,b-10S.;
	8.3.1.8 ,S10NDG-i,b,k., which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG. in interval i ∈ I in association with lamination k ∈ ,K-i,b-10N.;
	8.3.1.9 ,S30RDG-i,b,k., which designates the amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG. in interval i ∈ I in association with lamination k ∈ ,K-i,b-30R.;
	8.3.1.10 ,SCT-i,b., which designates the schedule of the combustion turbine associated with the pseudo-unit at bus b ∈ ,B-PSU. in interval i ∈ I;
	8.3.1.11 ,SST-i,p., which designates the schedule of steam turbine p ∈ PST in interval i ∈ I;
	8.3.1.12 ,TB-i., which designates any adjustment to the objective function to facilitate pro-rata tie-breaking in interval i ∈ I, as described in section 8.3.2.1; and
	8.3.1.13 ,ViolCost-i., which designates the cost incurred in order to avoid having the schedules violate constraints for interval i ∈ I, as described in section 8.3.2.3.

	8.3.2 The objective function for the Real-Time Scheduling algorithm shall maximize gains from trade by maximizing the following expression:
	8.3.2.1 The tie-breaking term (,TB-i.) 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...
	8.3.2.2 ,ViolCost-i.  shall be calculated for interval i ∈ I using the following variables:
	8.3.2.2.1 ,SLdViol-i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,LdViol-i..} of the penalty curve for the energy balance constraint allowing under-generation;
	8.3.2.2.2 ,SGenViol-i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,GenViol-i..} of the penalty curve for the energy balance constraint allowing over-generation;
	8.3.2.2.3 ,S10SViol-i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,10SViol-i..} of the penalty curve for the synchronized ten-minute operating reserve requirement;
	8.3.2.2.4 ,S10RViol-i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,10RViol-i..} of the penalty curve for the total ten-minute operating reserve requirement;
	8.3.2.2.5 ,S30RViol-i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,30RViol-i..} of the penalty curve for the thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve requi...
	8.3.2.2.6 ,SREG10RViol-r,i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,REG10RViol-i..} 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-r,i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,REG30RViol-i..} of the penalty curve for violating the area thirty-minute operating reserve minimum requirement in region r ∈ ORREG;
	8.3.2.2.8 ,SXREG10RViol-r,i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,XREG10RViol-i..} 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-r,i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,XREG30RViol-i..} of the penalty curve for violating the area thirty-minute operating reserve maximum restriction in region r ∈ ORREG;
	8.3.2.2.10 ,SPreITLViol-f,i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,PreITLViol-f,i..} of the penalty curve for violating the pre-8.contingency transmission limit for facility f ∈ F; and
	8.3.2.2.11 ,SITLViol-c,f,i,w., which designates the violation variable affiliated with segment w ∈ {1,..,,N-,ITLViol-c,f,i..} of the penalty curve for violating the post-contingency transmission limit for facility f ∈ F and contingency c ∈ C.
	8.3.2.3 ,ViolCost-i. shall be calculated as follows:


	8.4 Constraints
	8.4.1 The Real-Time Scheduling algorithm optimization function shall apply the constraints described in sections 8.5 – 8.7.

	8.5 Dispatch Data Constraints Applying to Individual Intervals
	8.5.1 Scheduling Variable Bounds
	8.5.1.1 No schedule shall be negative, nor shall any schedule exceed the quantity offered for energy and operating reserve respectively. Therefore:
	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∈,𝐵-𝑁𝑄𝑆., and offer laminations ,𝑘∈𝐾-𝑖,𝑏-𝐸.:
	0 ≤, SDG-i,b,k. ≤ ,1-,AtZero-i,b..∙,QDG-i,b,k..
	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 ∈ I and non-quick start resource buses b ∈, B-NQS.:

	8.5.2 Resource Initial Conditions
	8.5.2.1 The initial schedule for a dispatchable load at bus b ∈ ,B-DL. shall be fixed to the resource initial schedules. For all dispatchable load buses b ∈ ,B-DL.:
	8.5.2.2 The initial schedule for a dispatchable generation resource at bus b ∈ ,B-DG. shall be fixed to the resource initial schedules. For all dispatchable generation resource buses b ∈ ,B-DG.:

	8.5.3 Resource Minimums and Maximums for Energy
	8.5.3.1 A constraint shall limit schedules for dispatchable loads within their minimum and maximum consumption for an interval. For all intervals i ∈ I and all buses b ∈ ,B-DL.:
	8.5.3.2 The non-dispatchable portion of a dispatchable load shall always be scheduled. For all intervals i ∈ I and all buses b ∈, B-DL.:
	8.5.3.3 The non-dispatchable generation resources shall be scheduled to the fixed quantity determined by their observed output. For all intervals i ∈ I and all buses b ∈ ,B-NDG.:
	8.5.3.4 A constraint shall limit schedules for dispatchable generation resources within their minimum and maximum output for an interval. For a dispatchable variable generation resource, the maximum schedule shall be limited by its forecast. That is:
	8.5.3.4.1 For all intervals i ∈ I and all buses b ∈, B-DG.,
	8.5.3.4.2 For all intervals i ∈ I and all buses b ∈ ,B-DG.:
	8.5.3.5 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 IESO. For all non-quick start resource buse...

	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 consumption less the non-dispatchable portion; and
	8.5.4.1.3 the remaining portion of its capacity that is dispatchable after considering minimum load consumption constraints.
	8.5.4.2 These restrictions shall be enforced by the following constraints  for all intervals i ∈ I and all buses b ∈ ,B-DL.:
	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 limi...
	8.5.4.4 The total operating reserve scheduled from a dispatchable generation resource shall not exceed the resource’s ramp capability over 30 minutes, its remaining capacity, and its unscheduled capacity. These restrictions shall be enforced by the fo...
	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 lim...
	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 enfo...
	8.5.4.7 The amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide shall be limited by its reserve loading point for thirty-minute operating reserve. This restriction shall be enforced by the followin...

	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 shares in the operating regions of the pseudo-unit determined in section 10. For all intervals i ∈ I and pseu...
	8.5.5.1.1 and for all intervals i ∈ I and steam turbines p ∈ PST:
	8.5.5.2 Maximum constraints shall be enforced on the operating region to which they apply for both energy and operating reserve schedules. For all intervals i ∈ I and pseudo-unit buses b ∈, B-PSU.:
	8.5.5.3 For a pseudo-unit that cannot provide ten-minute operating reserve from its duct firing region, constraints shall limit the pseudo-unit from being scheduled to provide ten-minute operating reserve whenever the pseudo-unit is scheduled for ener...
	8.5.5.4 For the purposes of the energy balance constraint in section 8.7.1 and the transmission constraints in section 8.7.3, the combustion turbine schedule for the pseudo-unit at bus b ∈, B-PSU. in interval i ∈ I, ,SCT-i,b. shall be equal to:
	8.5.5.4.1 ,SCTMod-i,b. if the pseudo-unit is scheduled at or above minimum loading point;
	8.5.5.4.2 the portion of ,UpTraj-i,b. or ,DnTraj-i,b. defined in the section 8.6.2 that was allocated to the combustion turbine in accordance with section 10.6 if the resource is ramping to or ramping from its minimum loading point; or
	8.5.5.4.3 0 otherwise.
	8.5.5.5 For the purposes of the energy balance constraint in section 8.7.1 and the transmission constraints in section 8.7.3, the steam turbine schedule for p ∈ PST, ,SST-i,p. shall be equal to ,SSTMod-i,p. where ,SST-i,p. will be corrected to account...

	8.5.6 Dispatchable Hydroelectric Generation Resources
	8.5.6.1 A dispatchable hydroelectric generation resource shall be scheduled within its forbidden region if the resource is being ramped through the forbidden region at its maximum offered ramp capability.


	8.6 Dispatch Data Inter-Interval/Multi-Interval Constraints
	8.6.1 Energy Ramping
	8.6.1.1 Ramp rates shall be treated as constant over the full operating range of a dispatchable generation resource where the single ramp up rate, ,URRDG-b., and the single ramp down rate, ,DRRDG-b. , are used. For disptachable loads, the ramping cons...
	8.6.1.2 Ramp rates shall be treated as constant over the full opeating range of a dispatchable load where the single ramp up rate, ,URRDL-b. , and the single ramp down rate, ,DRRDL-b., are used. For disptachable generation resources, the ramping const...
	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 ∈ I and buses b ∈ ,B-DL.:
	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 ∈ I and buses b ∈ ,B-DG.:

	8.6.2 Non-Quick Start Resource Start-up and Shutdown
	8.6.2.1 For all intervals in the real-time look-ahead period in which a non-quick start resource is scheduled to start-up, such resource shall be scheduled on a fixed ramp-up trajectory as determined by its offered ramp rates. The ramp-up trajectory (...
	8.6.2.1.1 If i  = 1, then ,UpTraj-i,b. shall be determined from the resource initial schedule and the offered ramp up capability;
	8.6.2.1.2 If i  > 1 and ,SU-i-1,b. = 0, then ,UpTraj-i,b. shall be determined from the offered ramp up capability from 0; and
	8.6.2.1.3 For all intervals i ∈ I such that ,SU-i,b.=1:
	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-updown trajec...
	8.6.2.2.1 If i  = 1, then ,DnTraj-i,b. shall be determined from the resource initial schedule and the offered ramp down capability;
	8.6.2.2.2 If i  > 1 and ,SD-i-1,b. = 0, then ,DnTraj-i,b. shall be ,MinQDG-b.; and
	8.6.2.2.3 If i  > 1 and ,SD-i-1,b .= 1, then ,DnTraj-i,b. shall be determined from the offered ramp down capability from ,DnTraj-i-1,b..
	8.6.2.2.4 For all intervals i ∈ I such that ,SD-i,b. = 1:

	8.6.3 Operating Reserve Ramping
	8.6.3.1 Constraints shall be applied to recognize that interval to interval changes to a dispatchable load’s schedule for energy may modify the amount of operating reserve that the resource can provide. For all intervals i ∈ I and all buses b ∈ ,B-DL.:
	8.6.3.2 Constraints shall be applied to recognize that interval to interval changes in a dispatchable generation resource’s schedule for energy may modify the amount of operating reserve that the resource can provide. For all intervals i ∈ I and all b...
	and


	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 interval i ∈ I, ,With-i,b. shall be:
	8.7.1.2 The total amount of export energy scheduled at intertie zone bus d ∈ DX in interval i ∈ I, ,With-i,d., as the fixed exports from Ontario to the intertie zone export bus shall be:
	,With-i,d. = ,FXLSch-i,d..
	8.7.1.3 The total amount of injections scheduled at internal bus b ∈ B, in interval i ∈ I, ,𝐼𝑛𝑗-𝑖,𝑏. shall be:
	8.7.1.4 The total amount of import energy scheduled at intertie zone bus d ∈ DI in interval i ∈ I, ,Inj-i,d., as the imports into Ontario from that intertie zone bus shall be:
	,Inj-i,d. = ,FIGSch-i,d..
	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...
	For interval i ∈ I, the energy balance shall be:

	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 requi...
	8.7.2.2 Constraint violation penalty curves shall be used to impose a penalty cost for not meeting the IESO’s system-wide operating reserve requirements, not meeting a regional minimum requirement, or not adhering to a regional maximum restriction. Fu...
	8.7.2.3 The following constraints shall be applied for each interval i ∈ I  and each region r ∈ ORREG:
	and

	8.7.3 IESO Internal Transmission Limits
	8.7.3.1 A set of energy schedules shall be produced that do not violate any security limits in the pre-contingency state and the post-contingency state subject to the remainder of this section 8.7.3. The total amount of energy scheduled to be injected...
	8.7.3.2 Pre-contigency, ,SPreITLViol-f,i,w., and post-contingency,  ,SITLViol-c,f,i,w., transmission limit violation variables shall allow the real-time calculation engine to find a solution.
	8.7.3.3 For all intervals i ∈ I and facilities f ∈ ,F-i., the linearized constraints for violated pre-contingency limits obtained from the security assesment function shall take the form:
	8.7.3.4 For all intervals i ∈ I, contingencies c ∈ C, and facilities f ∈ ,F-i,c., the linearized constraints for violated post-contingency limits obtained from the security assesment function shall take the form:

	8.7.4 Penalty Price Variable Bounds
	8.7.4.1 Penalty price variables shall be restricted to the ranges determined by the constraint violation penalty curves for the Real-Time Scheduling algorithm and for all intervals 𝑖∈𝐼:


	8.8 Outputs
	8.8.1 Outputs for the Real-Time Scheduling algorithm includes resource schedules.


	9 Real-Time Pricing
	9.1 Purpose
	9.1.1 The Real-Time Pricing algorithm shall perform a security-constrained economic dispatch to maximize gains from trade to meet the IESO’s province-wide non-dispatchable demand forecast and the IESO-specified operating reserve requirements for each ...

	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-Tim...
	9.2.1.1 ,SD-i,b-RTS. ∈ ,0,1., which designates whether the dispatchable generation resource at bus b ∈ ,B-NQS. was scheduled on a shutdown trajectory in interval i ∈ I such that ,EvalSD-i,b. = 1;
	9.2.1.2 ,SDLInitSch-0,b., which designates the initial schedule for the dispatchable load at bus b ∈ ,B-DL. used in the Real-Time Scheduling algorithm in section 8; and
	9.2.1.3 ,SDGInitSch-0,b., which designates the initial schedule for the dispatchable generation resource at bus b ∈ ,B-DG. used in the Real-Time Scheduling algorithm in section 8.


	9.3 Variables and Objective Function
	9.3.1 The Real-Time Pricing algorithm shall solve for the same variables as the Real-Time Scheduling algorithm in section 8.3.1.
	9.3.2 The objective function for the Real-Time Pricing algorithm shall maximize gains from trade by maximizing the expression in section 8.3.2 for the Real-Time Scheduling algorithm.
	9.3.3 ,ViolCost-i. shall be calculated as follows:
	9.3.3.1 The constraints in section 9.4 shall apply to the Real-Time Pricing algorithm.


	9.4 Constraints
	9.4.1 The Real-Time Pricing algorithm optimization function shall apply the constraints described in sections 9.5 – 9.8.

	9.5 Dispatch Data Constraints Applying to Individual Intervals
	9.5.1 Scheduling Variable Bounds
	9.5.1.1 The constraints in section 8.5.1 shall apply in the Real-Time Pricing algorithm, with the following exceptions for a non-quick start resource bus b ∈ ,B-NQS. and interval i ∈ I, where:
	9.5.1.1.1 ,AtZero-i,b. shall be replaced by ,AtZero-i,b-RTP.;
	9.5.1.1.2 ,AtMLP-i,b. shall be replaced by ,AtMLP-i,b-RTP.; and
	9.5.1.1.3 ,EvalSD-i,b. shall be replaced by ,EvalSD-i,b-RTP..

	9.5.2 Resource Initial Conditions
	9.5.2.1 The initial schedule for a dispatchable load at bus b ∈ ,B-DL. shall be fixed to the resource initial schedules. For all dispatchable load buses b ∈ ,B-DL.:
	9.5.2.2 The initial schedule for a dispatchable generation resource at bus b ∈ ,B-DG. shall be fixed to the resource initial schedules. For all dispatchable generation resource buses b ∈ ,B-DG.:

	9.5.3 Resource Minimums and Maximums
	9.5.3.1 The constraints in section 8.5.3 shall apply in the Real-Time Pricing algorithm, with the following exception:
	9.5.3.1.1 ,AtMLP-i,b. shall be replaced by ,AtMLP-i,b-RTP.
	where ,AtMLP-i,b-RTP. is determined in accordance with section 9.8.1.

	9.5.4 Operating Reserve Requirements
	9.5.4.1 The constraints in section 8.5.4 shall apply in the Real-Time Pricing algorithm.

	9.5.5 Pseudo-Units
	9.5.5.1 The constraints in section 8.5.5 shall apply in the Real-Time Pricing algorithm.

	9.5.6 Dispatchable Hydroelectric Generation Resources
	9.5.6.1 The constraints in section 8.5.6 shall apply in the Real-Time Pricing algorithm.


	9.6 Dispatch Data Inter-Interval/Multi-Interval Constraints
	9.6.1 Energy Ramping
	9.6.1.1 The constraints in section 8.6.1 shall apply in the Real-Time Pricing algorithm.

	9.6.2 Non-Quick Start Resource Start-up and Shutdown
	9.6.2.1 The constraints in section 8.6.2 shall apply in the Real-Time Pricing algorithm, with the exception of the non-quick start resource start-up and shutdown statuses, which are determined in accordance with section 9.8.1.

	9.6.3 Operating Reserve Ramping
	9.6.3.1 The constraints in section 8.6.3 shall apply in the Real-Time Pricing algorithm.


	9.7 Constraints for Reliability Requirements
	9.7.1 Energy Balance
	9.7.1.1 The constraint in section 8.7.1 shall apply in the Real-Time Pricing algorithm, with the following exceptions:
	9.7.1.1.1 ,FXLSch-i,d. shall be replaced by ,FXLPrc-i,d. in section 8.7.1.2;
	9.7.1.1.2 ,FIGSch-i,d. shall be replaced by ,FIGPrc-i,d. in section 8.7.1.4; and
	9.7.1.1.3 The energy balance constraint in section 8.7.1.5 shall be modified to account for the demand adjustment required to calculate locational marginal prices when a voltage reduction or load shedding has been implemented, as follows:

	9.7.2 Operating Reserve Requirements
	9.7.2.1 The constraint in section 8.7.2 shall apply in the Real-Time Pricing algorithm, with the following exceptions:
	9.7.2.1.1 ,F10NXLSch-i,d. shall be replaced by ,F10NXLPrc-i,d. for all d ∈ DX;
	9.7.2.1.2 ,F10NIGSch-i,d. shall be replaced by ,F10NIGPrc-i,d. for all d ∈ DI;
	9.7.2.1.3 ,F30RXLSch-i,d. shall be replaced by ,F30RXLPrc-i,d. for all d ∈ DX; and
	9.7.2.1.4 ,F30RIGSch-i,d. shall be replaced by ,F30RIGPrc-i,d. for all d ∈ DI.

	9.7.3 IESO Internal Transmission Limits
	9.7.3.1 The constraints in section 8.7.3 shall apply in the Real-Time Pricing algorithm except the sensitivities and limits considered shall be those provided by the most recent security assessment function iteration of the Real-Time Pricing algorithm.

	9.7.4 Penalty Price Variable Bounds
	9.7.4.1 The following constraints shall restrict the penalty price variables to the ranges determined by the constraint violation penalty curves. For all intervals i ∈ I:


	9.8 Constraints to Ensure the Price Setting Eligibility of Offer/Bid Laminations
	9.8.1 Non-Quick Start Resources
	9.8.1.1 The Real-Time Pricing algorithm shall modify the following start-up and shutdown statuses for a non-quick start resource at bus b ∈ ,B-NQS. and interval i ∈ I:
	9.8.1.1.1 ,AtZero-i,b-RTP. ∈ {0,1}, which designates that the resource is not scheduled and is calculated as follows:
	,AtZero-i,b-RTP. = ,AtZero-i,b..
	9.8.1.1.2 ,SU-i,b-RTP. ∈ {0,1}, which designates that the resource must be scheduled for energy on its start-up trajectory and is calculated as follows:
	,SU-i,b-RTP. = ,SU-i,b..
	9.8.1.1.3 ,AtMLP-i,b-RTP. ∈ {0,1}, which designates that the resource is scheduled for energy at or above the minimum loading point and is calculated as follows:
	9.8.1.1.4 ,EvalSD-i,b-RTP. ∈ {0,1}, which designates that the resource can be scheduled for energy below the minimum loading point and is calculated as follows:
	,EvalSD-i,b-RTP. = 0.
	9.8.1.1.5 ,SD-i,b-RTP. ∈ {0,1}, which designates that the resource must be scheduled for energy on its shutdown trajectory and is calculated as follows:


	9.9 Outputs
	9.9.1 Outputs for the Real-Time Pricing algorithm include:
	9.9.1.1 shadow prices;
	9.9.1.2 locational marginal prices and their components; and
	9.9.1.3 sensitivity factors.



	10 Pseudo-Unit Modelling
	10.1 Pseudo-Unit Model Parameters
	10.1.1 The real-time calculation engine shall use the following registration and dispatch data to determine the underlying relationship between a pseudo-unit and the associated physical resources for a combined cycle facility with 𝐾 combustion turbin...
	10.1.1.1 ,CMCR-k., which designates the registered maximum continuous rating of combustion turbine k ∈ {1,..,K} in MW;
	10.1.1.2 ,CMLP-k., which designates the minimum loading point of combustion turbine k ∈ {1,..,K} in MW;
	10.1.1.3 SMCR, which designates the registered maximum continuous rating of the steam turbine in MW;
	10.1.1.4 SMLP, which designates the minimum loading point of the steam turbine in MW for a 1x1 configuration;
	10.1.1.5 SDF, which designates the amount of duct firing capacity available on the steam turbine in MW;
	10.1.1.6 ,STPortion-k., which designates the percentage of the steam turbine capacity attributed to pseudo-unit k ∈ {1,..,K}; and
	10.1.1.7 ,CSCM-k. ∈ {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-k., which designates the maximum continuous rating of pseudo-unit k and is calculated as follows:
	,CMCR-k. + SMCR∙,STPortion-k.∙(1−,CSCM-k.)
	10.1.2.2 ,MMLP-k., which designates the minimum loading point of pseudo-unit k and is calculated as follows:
	,CMLP-k.+ SMLP∙(1−,CSCM-k.)
	10.1.2.3 M,DF-k., which designates the duct firing capacity of pseudo-unit k and is calculated as follows:
	SDF∙,STPortion-k.∙(1−,CSCM-k.)
	10.1.2.4 M,DR-k., which designates the dispatchable capacity of pseudo-unit k and is calculated as follows:
	,MMCR-k. −,MMLP-k.−,MDF-k.

	10.1.3 The real-time calculation engine shall define three operating regions of pseudo-unit k ∈ {1,..K}, as follows:
	10.1.3.1 The minimum loading point region shall be the capacity between 0 and ,MMLP-k.;
	10.1.3.2 The dispatchable region shall be the capacity between ,MMLP-k. and ,MMLP-k. + ,MDR-k.;
	10.1.3.3 The duct firing region shall be the capacity between ,MMLP-k. + ,MDR-k. and ,MMCR-k..

	10.1.4 The real-time calculation engine shall calculate the associated combustion turbine and steam turbine shares for the three operating regions of pseudo-unit k ∈ {1,..K}, as follows:
	10.1.4.1 For the minimum loading point region:
	10.1.4.1.1 Steam turbine share: ,STShareMLP-k.=,SMLP∙(1−,CSCM-k.)-,MMLP-k..;
	10.1.4.1.2 Combustion turbine share: ,CTShareMLP-k.=,,CMLP-k.-,MMLP-k..; and
	10.1.4.2 For the dispatchable region:
	10.1.4.2.1 Steam turbine share:
	,STShareDR-k.=,(1−,CSCM-k.)(SMCR∙,STPortion-k.−SMLP-SDF∙,STPortion-k.)-,MDR-k..; and
	10.1.4.2.2 Combustion turbine share:
	,CTShareDR-k.=,,CMCR-k.−,CMLP-k.-,MDR-k..; and
	10.1.4.3 For the duct firing region:
	10.1.4.3.1 Steam turbine share shall be equal to 1; and
	10.1.4.3.2 Combustion turbine share shall be equal to 0.


	10.2 Application of Physical Resource Deratings to the Pseudo-Unit Model
	10.2.1 The real-time calculation engine shall apply deratings submitted by market participants to the applicable dispatchable capacity and duct firing capacity parameters for a pseudo-unit, where:
	10.2.1.1 ,CTCap-i,k. designates the capacity of combustion turbine k ∈ {1,..,K} in interval i as determined by submitted deratings;
	10.2.1.2 ,STCap-i. designates the capacity of the steam turbine in interval i as determined by submitted deratings; and
	10.2.1.3 ,TotalQ-i,k. designates the total offered quantity of energy for pseudo-unit k ∈ {1,..,K} in interval i.

	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 ,MLP-i,k. designates the minimum loading point of pseudo-unit k in interval i;
	10.2.2.2 D,R-i,k. designates the dispatchable capacity region of pseudo-unit k in interval i; and
	10.2.2.3 ,DF-i,k. designates the duct firing capacity region of pseudo-unit k in interval i.

	10.2.3 Pre-Processing of De-rates
	10.2.3.1 The real-time calculation engine shall perform the following pre-processing steps to determine the available operating regions for a pseudo-unit based on the combustion turbine and steam turbine share and the application of the pseudo-unit de...
	10.2.3.1.1 Step 1: Calculate the amount of the offer for energy that is attributed to each combustion turbine (,CTAmt-i,k.) and steam turbine portion (,STAmt-i,k.):
	If ,TotalQ-i,k. <, MMLP-k., then:
	Calculate  ,CTAmt-i,k. = 0;and
	Calculate ,STAmt-i,k. = 0.
	Otherwise:
	CTAmtMLP =,MMLP-k.∙,CTShareMLP-k.; and
	STAmtMLP =,MMLP-k.∙,STShareMLP-k..
	If ,TotalQ-i,k. > ,MMLP-k.+,MDR-k., then:
	CTAmtDR = ,MDR-k.∙,CTShareDR-k.;
	STAmtDR = ,MDR-k.∙,STShareDR-k.; and
	STAmtDF = (1−,CSCM-k.)∙(,TotalQ-i,k.−,MMLP-k.−,MDR-k.).
	Otherwise:
	CTAmtDR = ,(TotalQ-i,k.−,MMLP-k.)∙,CTShareDR-k.;
	STAmtDR = ,(TotalQ-i,k.−,MMLP-k.)∙,STShareDR-k.;
	STAmtDF = 0;
	,CTAmt-i,k.= CTAmtMLP + CTAmtDR; and
	,STAmt-i,k.=STAmtMLP +STAmtDR +STAmtDF.
	10.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:
	,PRSTCap-i,k.=,,,STAmt-i,k.-,w ∈ {1,..,K}-,STAmt-i,w....∙,STCap-i.
	10.2.3.1.3 Step 3: Determine if the pseudo-unit is available:
	If ,CTAmt-i,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,STAmt-i,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	If ,CTCap-i,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,PRSTCap-i,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	10.2.3.1.4 Step 4: Initialize the operating region parameters for interval i ∈ I to the model parameter values:
	Set ,MLP-i,k. = ,MMLP-k..
	Set ,DR-i,k. = ,MDR-k..
	Set ,DF-i,k. = ,MDF-k..
	10.2.3.1.5 Step 5: Apply the derating for the combustion turbine to the dispatchable region:
	Calculate P so that ,CMLP-k. + P∙,CTShareDR-k.∙,MDR-k. = ,CTCap-i,k.; and
	Set ,DR-i,k. = min(,DR-i,k. , P∙,MDR-k.).
	10.2.3.1.6 Step 6: Apply the derating for the steam turbine to the duct firing and dispatchable regions for pseudo-units not operating in single cycle mode:
	Calculate R so that SMLP+R∙,STShareDR-k.∙,MDR-k. = ,PRSTCap-i,k..
	If R ≤ 1, update ,DF-i,k. = 0, and ,DR-i,k. = min(,DR-i,k. ,  R∙,MDR-k.).
	If R > 1, update ,DF-i,k. = min(,DF-i,k.,,PRSTCap-i,k.−SMLP−,STShareDR-k.∙,MDR-k.).

	10.2.4 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 ∈ I for each pseudo-unit k ∈ {1,..,K}, subject to section 10.2.4.2,...
	10.2.4.1.1 ,QMLP-i,k. designates the total quantity that may be scheduled in the minimum loading point region;
	10.2.4.1.2 ,QDR-i,k. designates the total quantity that may be scheduled in the dispatchable region; and
	10.2.4.1.3 ,QDF-i,k. 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-i,k .≤, MLP-i,k.;
	0 ≤ ,QDR-i,k. ≤ ,DR-i,k.;
	0 ≤, QDF-i,k .≤, DF-i,k.;
	if ,QMLP-i,k .< ,MLP-i,k., then the pseudo-unit is unavailable and ,QDR-i,k. = ,QDF-i,k .= 0; and
	if ,QDR-i,k .< ,DR-i,k., then ,QDF-i,k. = 0.


	10.3 Convert Physical Resource Constraints to Pseudo-Unit Constraints
	10.3.1 The real-time calculation engine shall convert physical resource constraints to pseudo-unit constraints, where:
	10.3.1.1 ,PSUMin-i,k-q. designates the minimum limitation on pseudo-unit k determined by translating constraint q. When constraint q does not provide a minimum limitation on pseudo-unit k, then ,PSUMin-i,k-q. shall be set equal to 0;
	10.3.1.2 ,PSUMax-i,k-q. designates the maximum limitation on pseudo-unit k determined by translating constraint q. When constraint q does not provide a maximum limitation on pseudo-unit k, then ,PSUMax-i,k-q. shall be set equal to ,MLP-i,k.+,DR-i,k.+,...
	10.3.1.3 ,CTCmtd-i,k. ∈ {0,1} designates whether combustion turbine k ∈ {1,..K} is considered committed in interval i ∈ I.

	10.3.2 The real-time calculation engine shall calculate the minimum and maximum limitations, subject to section 10.3.3.1, as follows:
	10.3.2.1 Minimum limitation: ,MinDG-i,k. =, max-q∈{1,..Q}.,PSUMin-i,k-q.
	10.3.2.2 Maximum limitation: ,MaxDG-i,k. = ,min-q∈{1,..Q}.,PSUMax-i,k-q.
	where Q designates the number of constraints impacting a combined cycle facility that have been provided to the real-time calculation engine.

	10.3.3 Pseudo-Unit Minimum and Maximum Constraints
	10.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as follows:
	10.3.3.1.1 ,PSUMin-i,k. = PMin where PMin shall be a minimum constraint provided on pseudo-unit k ∈ {1,..,K} for interval i ∈ I; and
	10.3.3.1.2 ,PSUMax-i,k. =PMax where PMax shall be a minimummaximum constraint provided on pseudo-unit k ∈ {1,..,K} for interval i ∈ I.

	10.3.4 Combustion Turbine Minimum and Maximum Constraints
	10.3.4.1 If the pseudo-unit is not flagged to operate in single cycle mode, then the combustion turbine minimum constraint shall be converted to a pseudo-unit constraint as follows:
	If CTMin < ,MLP-i,k.∙,CTShareMLP-k., then set
	STMinMLP = CTMin∙,,,STShareMLP-k.-,CTShareMLP-k...,
	STMinDR = 0.
	Otherwise, if CTMin ≥, MLP-i,k.∙,CTShareMLP-k., then set
	STMinMLP = ,MLP-i,k.∙,STShareMLP-k.,
	STMinDR = ,CTMin-,MLP-i,k.∙,CTShareMLP-k..∙,,,STShareDR-k.-,CTShareDR-k....
	Therefore:
	,PSUMin-i,k. = CTMin + STMinMLP + STMinDR.
	10.3.4.2 If a pseudo-unit is flagged to operate in single cycle mode, then the combustion turbine minimum constraint shall be converted to a pseudo-unit constraint as follows:
	,PSUMin-i,k .= CTMin.
	10.3.4.3 If the pseudo-unit is not flagged to operate in single cycle mode, then the combustion turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	If CTMax < ,MLP-i,k.∙,CTShareMLP-k., then ,PSUMax-i,k. = 0 and the pseudo-unit is unavailable.
	Otherwise, calculate the value of the constraint on the steam turbine within the minimum loading point and dispatchable regions:
	STMaxMLP = ,MLP-i,k.∙,STShareMLP-k.
	STMaxDR = ,CTMax-,MLP-i,k.∙,CTShareMLP-k..∙,,,STShareDR-k.-,CTShareDR-k...
	,PSUMax-i,k. = CTMax + STMaxMLP + STMaxDR
	10.3.4.4 If a pseudo-unit is flagged to operate in single cycle mode, then the combustion turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	,PSUMax-i,k. = CTMax.

	10.3.5 Steam Turbine Minimum and Maximum Constraints
	10.3.5.1 The real-time calculation engine shall convert a stream turbine minimum constraint to a pseudo-unit constraints as follows:
	10.3.5.1.1 Step 1: Identify A ⊆ {1,..,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 A if and only if ,CSCM-k. = 0 and ,CTCmtd-i,k. = 1. If the set A is empty, then...
	10.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity for pseudo-unit k ∈ A:
	,STCap-k. = ,QMLP-i,k.∙,STShareMLP-k. + ,QDR-i,k.∙,STShareDR-k. + ,QDF-i,k..
	10.3.5.1.3 Step 3: Allocate the STMin constraint to each pseudo-unit k ∈ A, where STMin constraint shall be allocated equally to each pseudo-unit k ∈ A , where ,STPMin-k. is limited by ,STCap-k..
	10.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be converted to a pseudo-unit constraint ,where for each pseudo-unit k ∈ A:
	If ,STPMin-k. <, MLP-i,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. =, STPMin-k.∙,,,CTShareMLP-k.-,STShareMLP-k...; and
	,CTMinDR-k. = 0.
	Otherwise, if ,STPMin-k. ≥ ,MLP-i,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. = ,MLP-i,k.∙,CTShareMLP-k.; and
	,CTMinDR-k. = ,,STPMin-k.-,MLP-i,k.∙,STShareMLP-k..∙,,,CTShareDR-k.-,STShareDR-k....
	Therefore:
	,PSUMin-i,k. =, STPMin-k. +, CTMinMLP-k. +, CTMinDR-k..
	10.3.5.1.4 If pseudo-units with sufficient steam turbine capacity are not commited, then the real-time calculation engine shall not convert the entire quantity of the steam turbine minimum constraint to pseudo-unit constraints.
	10.3.5.2 The steam turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	,PRSTMax-i,k. = ,,,STAmt-i,k.-,w∈{1,..,K}-,STAmt-i,w....∙STMax.
	If the converted steam turbine maximum constraint limits the steam turbine portion to below its minimum loading point, then
	,PSUMax-i,k. = 0.
	Otherwise, calculate R so that SMLP + R∙,STShareDR-k.∙,MDR-k .= ,PRSTMax-i,k.
	If R ≤ 1, set ,PSUMax-i,k. =, MLP-i,k. + min(,DR-i,k. , R∙,MDR-k.).
	If 𝑅>1, set ,PSUMax-i,k.=, MLP-i,k. + ,DR-i,k.  +, PRSTMax-i,k.-SMLP-,STShareDR-k.∙,MDR-k..
	10.3.5.3 If the steam turbine minimum and maximum constraints are equal but do not convert to equal pseudo-unit minimum and maximum constraints, then the steam turbine minimum constraint conversion in section 10.3.5.1 shall be used to determine equal ...


	10.4 Steam Turbine Forced Outages
	10.4.1 If the steam turbine experiences a forced outage, the real-time calculation engine shall evaluate the corresponding pseudo-units as being offered in single cycle mode.

	10.5 Determination of Energy Management System MW Values for Pseudo-Units
	10.5.1 The real-time calculation engine shall determine the effective energy management system MW value for each pseudo-unit from the IESO’s energy management system MW values for the corresponding physical resources, where:
	10.5.1.1 ,CTTel-k. designates the energy management system MW value for combustion turbine k  ∈  {1,..,K};
	10.5.1.2 STTel designates the energy management system MW value for the steam turbine;
	10.5.1.3 ,PSUTel-k. designates the effective energy management system MW value for pseudo-unit k  ∈  {1,..,K};
	10.5.1.4 ,TMLP-k. 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-k. 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-k., designates the effective duct firing region operating range for the time at which energy management system MW value was determined.

	10.5.2 The real-time calculation engine shall determine the effective energy management system MW values for pseudo-units as follows:
	10.5.2.1 Step 1: For all combustion turbines, assign the following energy management system MW values to the corresponding pseudo-unit k  ∈  {1,..,K}:
	10.5.2.1.1 ,CTMLPTel-k. , which designates the MW value assigned to the combustion turbine’s share of the minimum loading point region and is calculated as follows:
	,CTMLPTel-k. = min,,CTTel-k. ,,CTShareMLP-k.∙,TMLP-k. ..
	10.5.2.1.2 ,CTDRTel-k. , which designates the MW value assigned to the combustion turbine’s share of the dispatchable region and is calculated as follows:
	If ,CTMLPTel-k. <,CTTel-k., then set ,CTDRTel-k. = min,(,CTTel-k.-,CTMLPTel-k.) , ,CTShareDR-k.∙,TDR-k. .
	Otherwise, set ,CTDRTel-k. = 0.
	10.5.2.2 Step 2: Determine the maximum energy management system MW value for the steam turbine that may be assigned to the steam turbine’s share of the pseudo-unit’s minimum loading point and dispatchable regions based on the amount assigned to the co...
	10.5.2.2.1 ,STMLPMax-k. designates the maximum MW value that may be assigned to the steam turbine’s share of the minimum loading point region and is calculated as follows:
	,STMLPMax-k. =, CTMLPTel-k.∙,,,STShareMLP-k.-,CTShareMLP-k....
	10.5.2.2.2 ,STDRMax-k. designates the maximum MW value that may be assigned to the steam turbine’s share of the dispatchable region and is calculated as follows:
	,STDRMax-k. =, CTDRTel-k.∙,,,STShareDR-k.-,CTShareDR-k....
	10.5.2.3 Step 3: Allocate the energy management system MW value for the steam turbine to the minimum loading point and dispatchable regions of the pseudo-unit in proportion to the maximum amount that may be allocated. For pseudo-unit k  ∈ {1,..,K}:
	10.5.2.3.1 ,STMLPTel-k. designates the MW value assigned to the steam turbine share of the minimum loading point region and is calculated as follows:
	10.5.2.3.2 ,STDRTel-k. designates the MW value assigned the steam turbine share of the dispatchable region and is calculated as follows
	10.5.2.4 Step 4: Determine the remaining portion of the energy management system MW value for the steam turbine that is yet to be distributed (STRemTel) as follows:
	10.5.2.5 Step 5: Determine the maximum energy management system MW value for the remaining steam turbine that may be assigned to the duct firing region for the pseudo-unit based on whether the pseudo-unit is fully loaded for its minimum loading point ...
	10.5.2.5.1 ,STDFMax-k. designates the maximum MW value that may be assigned to the duct firing region and is calculated as follows:
	If (,CTMLPTel-k. + ,CTDRTel-k.+,STMLPTel-k.+,STDRTel-k.) ≥ ,TMLP-k. +,TDR-k., then set ,STDFMax-k. = ,TDF-k.
	Otherwise, set ,STDFMax-k. = 0.
	10.5.2.6 Step 6: Distribute the remaining portion of the energy management system MW value for the steam turbine to the duct firing regions of the pseudo-unit in proportion to the maximum amount that may be allocated. For pseudo-unit k ∈ {1,..,K}:
	10.5.2.6.1 ,STDFTel-k. designates the MW value assigned to the duct firing region and is calculated as follows:
	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 k ∈ {1,..,K}:
	,PSUTel-k. = ,CTMLPTel-k. + ,CTDRTel-k .+ ,STMLPTel-k. + ,STDRTel-k .+ ,STDFTel-k..


	10.6 Conversion of Pseudo-Unit Schedules to Physical Resource Schedules
	10.6.1 For a combined cycle facility with K combustion turbines and one steam turbine, the real-time calculation engine shall compute the following energy and operating reserve schedules for interval i ∈ I:
	10.6.1.1 ,CTE-i,k. designates the energy schedule for combustion turbine k ∈ {1,..,K};
	10.6.1.2 ,STPE-i,k. designates the energy schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K};
	10.6.1.3 ,STE-i. designates the energy schedule for the steam turbine;
	10.6.1.4 ,CT10S-i,k. designates the synchronized ten-minute operating reserve schedule for combustion turbine k ∈ {1,..,K};
	10.6.1.5 ,STP10S-i,k. designates the synchronized ten-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K};
	10.6.1.6 ,ST10S-i. designates the synchronized ten-minute operating reserve schedule for the steam turbine;
	10.6.1.7 ,CT10N-i,k. designates the non-synchronized ten-minute operating reserve schedule for combustion turbine k ∈ {1,..,K};
	10.6.1.8 ,STP10N-i,k. designates the non-synchronized ten-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K};
	10.6.1.9 ,ST10N-i. designates the non-synchronized ten-minute operating reserve schedule for the steam turbine;
	10.6.1.10 ,CT30R-i,k. designates the thirty-minute operating reserve schedule for combustion turbine k ∈ {1,..,K};
	10.6.1.11 ,STP30R-i,k. designates the thirty-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K}; and
	10.6.1.12 ,ST30R-i. designates the thirty-minute operating reserve schedule for the steam turbine.

	10.6.2 The real-time calculation engine shall determine the following energy and operating reserve schedules for pseudo-unit k ∈ {1,..,K} in interval i ∈ I:
	10.6.2.1 ,SE-i,k. designates the total amount of energy scheduled and ,SE-i,k. = ,SEMLP-i,k. + ,SEDR-i,k. + ,SEDF-i,k., where:
	10.6.2.1.1 ,SEMLP-i,k. designates the portion of the schedule corresponding to the minimum loading point region, where 0 ≤, SEMLP-i,k. ≤, QMLP-i,k.;
	10.6.2.1.2 ,SEDR-i,k. designates the portion of the schedule corresponding to the dispatchable region, where 0 ≤, SEDR-i,k .≤ ,QDR-i,k. and ,SEDR-i,k. > 0 only if ,SEMLP-i,k. = ,QMLP-i,k.;
	10.6.2.1.3 ,SEDF-i,k. designates the portion of the schedule corresponding to the duct firing region, where 0 ≤, SEDF-i,k. ≤, QDF-i,k. and ,SEDF-i,k .> 0 only if ,SEDR-i,k. = ,QDR-i,k.;
	10.6.2.2 ,S10S-i,k. designates the total amount of synchronized ten-minute operating reserve scheduled;
	10.6.2.3 ,S10N-i,k. designates the total amount of non-synchronized ten-minute operating reserve scheduled. If the pseudo-unit cannot provide operating reserve from its duct firing region, then 0 ≤ ,SE-i,k. + ,S10S-i,k. + ,S10N-i,k. ≤, QMLP-i,k. + ,QD...
	10.6.2.4 ,S30R-i,k. designates the total amount of thirty-minute operating reserve scheduled, where 0 ≤, SE-i,k. + ,S10S-i,k. + ,S10N-i,k. + ,S30R-i,k. ≤ ,QMLP-i,k. + ,QDR-i,k. + ,QDF-i,k..

	10.6.3 The real-time calculation engine shall convert pseudo-unit schedules to physical generation resource schedules for energy and operating reserve, where:
	10.6.3.1 STOn ∈ {0,1} designates whether the steam turbine is currently online;
	10.6.3.2 ,CTE-0,k. designates the initial energy schedule allocated to the combustion turbine k ∈ {1,..,K}; and
	10.6.3.3 ,STPE-0,k. designates the initial energy schedule allocated to the steam turbine portion of pseudo-unit k ∈ {1,..,K}.

	10.6.4 The real-time calculation engine shall convert pseudo-unit schedules to physical resource schedules for energy and operating reserve, as follows:
	10.6.4.1 If ,SE-i,k. ≥ ,MLP-i,k., then:
	,CTE-i,k. = ,SEMLP-i,k.∙,CTShareMLP-k. + ,SEDR-i,k.∙,CTShareDR-k.;
	,STPE-i,k. = ,SEMLP-i,k.∙,STShareMLP-k. + ,SEDR-i,k.∙,STShareDR-k. + ,SEDF-i,k.;
	,RoomDR-i,k. = ,QDR-i,k.−,SEDR-i,k.;
	,10SDR-i,k. = min(,RoomDR-i,k.,,S10S-i,k.);
	,10NDR-i,k. = min(,RoomDR-i,k.−,10SDR-i,k.,,S10N-i,k.);
	,30RDR-i,k. = min(,RoomDR-i,k.−,10SDR-i,k.−,10NDR-i,k.,,S30R-i,k.);
	,CT10S-i,k. = ,10SDR-i,k.∙,CTShareDR-k.;
	,STP10S-i,k. = ,10SDR-i,k.∙,STShareDR-k. + (,S10S-i,k.−,10SDR-i,k.);
	,CT10N-i,k. = ,10NDR-i,k.∙,CTShareDR-k.;
	,STP10N-i,k. = ,10NDR-i,k.∙,STShareDR-k. + (,S10N-i,k.−,10NDR-i,k.);
	,CT30R-i,k. = ,30RDR-i,k.∙,CTShareDR-k.; and
	,STP30R-i,k. = ,30RDR-i,k.∙,STShareDR-k. + (,S30R-i,k. −,30RDR-i,k.).
	10.6.4.2 If ,SE-i,k. <, MLP-i,k. and is on a ramp up trajectory, then the energy schedules for the combustion turbine and steam turbine are determined as follows:
	10.6.4.3 If the steam turbine is not online, then the pseudo-unit schedule will be assigned to the combustion turbine as follows:
	,CTE-i,k .= ,SE-i,k.; and
	,STPE-i,k .= 0.
	10.6.4.4 If the steam turbine is online, the incremental pseudo-unit schedule will be assigned to the steam turbine until the assigned combustion turbine and steam turbine schedules adhere to the pseudo-unit model as follows:
	If ,,,STPE-i-1,k.-,STPE-i-1,k.+,CTE-i-1,k...< ,STShareMLP-k., then
	,CTE-i,k. = ,CTE-i-1,k.,
	,STPE-i,k. =, SE-i,k.−,CTE-i-1,k..
	Otherwise:
	,CTE-i,k. =, SE-i,k.∙,CTShareMLP-k.; and
	,STPE-i,k. = ,SE-i,k.∙,STShareMLP-k..
	10.6.4.5 If ,SE-i,k. <, MLP-i,k. and is on a ramp-down trajectory, then the energy schedules for the combustion turbine and steam turbine are determined as follows:
	10.6.4.6 If the steam turbine is not online, then the pseudo-unit schedule will be assigned to the combustion turbine as follows:
	,CTE-i,k. = ,SE-i,k.; and
	,STPE-i,k. = 0.
	10.6.4.7 If the steam turbine is online, the pseudo-unit schedule will be assigned according to the pseudo-unit model as follows
	,CTE-i,k. =, SE-i,k.∙,CTShareMLP-k.; and
	,STPE-i,k. =, SE-i,k.∙,STShareMLP-k..
	10.6.4.8 If ,SE-i,k. <, MLP-i,k., then the operating reserve schedules for the combustion turbine and steam turbine are as follows:
	,S10S-i,k. =, S10N-i,k. =, S30R-i,k.= 0;
	,CT10S-i,k.= 0;
	,𝑆𝑇𝑃10𝑆-𝑖,𝑘.=0;
	,CT10N-i,k.= 0;
	,STP10N-i,k .= 0;
	,CT30R-i,k. = 0; and
	,STP30R-i,k. = 0.
	10.6.4.9 The steam turbines portion schedules from section 10.6.4.1 through  10.6.4.8 shall be summed to obtain the steam turbine schedule as follows:
	,𝑆𝑇𝐸-𝑖.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃𝐸-𝑖,𝑘..;
	,𝑆𝑇10𝑆-𝑖.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑆-𝑖,𝑘..;
	,𝑆𝑇10𝑁-𝑖.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑁-𝑖,𝑘..;
	and
	,𝑆𝑇30𝑅-𝑖.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃30𝑁𝑅-𝑖,𝑘..;



	11 Pricing Formulas
	11.1 Purpose
	11.1.1 The real-time calculation engine shall calculate locational marginal prices using shadow prices, constraint sensitivities and marginal loss factors.

	11.2 Sets, Indices and Parameters
	11.2.1 The sets, indices and parameters used to calculate locational marginal prices are described in section 4. In addition, the following shadow prices from Pass 1 shall be used:
	11.2.1.1 ,SPEmT-i,c,f-1. designates the Pass 1 shadow price for the post-contingency transmission constraint for facility f ∈ F in contingency c ∈ C in interval i;
	11.2.1.2 ,SPL-i-1. designates the Pass 1 shadow price for the energy balance constraint in interval i;
	11.2.1.3 ,SPNormT-i,f-1. designates the Pass 1 shadow price for the pre-contingency transmission constraint for facility f ∈ F in interval i;
	11.2.1.4 ,SP10S-i-1. designates the Pass 1 shadow price for the total synchronized ten-minute operating reserve requirement constraint in interval i;
	11.2.1.5 ,SP10R-i-1. designates the Pass 1 shadow price for the total ten-minute operating reserve requirement constraint in interval i;
	11.2.1.6 ,SP30R-i-1. designates the Pass 1 shadow price for the total thirty-minute operating reserve requirement constraint in interval i;
	11.2.1.7 ,SPREGMin10R-i,r-1. designates the Pass 1 shadow price for the minimum ten-minute operating reserve constraint for region r ∈ ORREG in interval i;
	11.2.1.8 ,SPREGMin30R-i,r-1. designates the Pass 1 shadow price for the minimum thirty-minute operating reserve constraint for region r ∈ ORREG in interval i;
	11.2.1.9 ,SPREGMax10R-i,r-1.  designates the Pass 1 shadow price for the maximum ten-minute operating reserve constraint for region r ∈ ORREG in interval i;
	11.2.1.10 ,SPREGMax30R-i,r-1. designates the Pass 1 shadow price for the maximum thirty-minute operating reserve constraint for region r ∈ ORREG in interval i.


	11.3 Locational Marginal Prices for Energy
	11.3.1 Energy Locational Marginal Prices for Delivery Points
	11.3.1.1 The real-time calculation engine shall calculate a locational marginal price and components for energy for Pass 1 and each interval i ∈ I for every bus b ∈ L and:
	11.3.1.1.1 ,LMP-i,b-1. designates the Pass 1 interval i locational marginal price for energy;
	11.3.1.1.2 ,PRef-i-1. designates the Pass 1 interval i locational marginal price for energy at the reference bus;
	11.3.1.1.3 ,PLoss-i,b-1. designates the Pass 1 interval i loss component; and
	11.3.1.1.4 ,PCong-i,b-1. designates the Pass 1 interval i congestion component.
	11.3.1.2 The real-time calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy at the reference bus, a loss component and a congestion component for Pass 1 at bus b ∈ L in interval i ∈...
	and
	11.3.1.3 If the initial locational marginal price for energy at the reference bus (Init,PRef-i-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the real-time calculation engine shall modify the locational marginal price for ener...
	If Init,PRef-i-1. > EngyPrcCeil , set ,PRef-i-1. = EngyPrcCeil
	If ,InitPRef-i-1. < EngyPrcFlr, set ,PRef-i-1. = EngyPrcFlr
	Otherwise, set ,PRef-i-1.=,InitPRef-i-1.
	11.3.1.4 If the initial locational marginal price for energy (,InitLMP-i,b-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the real-time calculation engine shall modify the locational marginal price for energy as follows:
	If ,InitLMP-i,b-1. > EngyPrcCeil, set ,LMP-i,b-1. = EngyPrcCeil.
	If ,InitLMP-i,b-1. < EngyPrcFlr, set ,LMP-i,b-1. = EngyPrcFlr.
	Otherwise, set ,LMP-i,b-1.=,InitLMP-i,b-1.
	11.3.1.5 The real-time calculation engine shall modify the loss component as follows:
	If ,PRef-i-1. ≠ ,InitPRef-i-1., set ,PLoss-i,b -1.= ,MglLoss-i,b.∙,PRef-i-1.
	Otherwise, set ,PLoss-i,b-1. = ,InitPLoss-i,b-1.
	11.3.1.6 The real-time calculation engine shall modify the congestion component as follows:
	If ,LMP-i,b-1. −,PRef-i-1.−,PLoss-i,b-1. and Init,PCong-i,b-1. have the same mathematical sign, then set ,PCong-i,b-1.= ,LMP-i,b-1. −,PRef-i-1.−,PLoss-i,b-1.
	Otherwise, set ,PCong-i,b-1.=0 and set ,PLoss-i,b-1. =, LMP-i,b-1.−,PRef-i-1.

	11.3.2 Energy Locational Marginal Prices for Intertie Metering Points
	11.3.2.1 The real-time calculation engine shall calculate a locational marginal price and components for energy for Pass 1 and each interval i ∈ I  for intertie zone bus d ∈ D, where:
	11.3.2.1.1 ,ExtLMP-i,d-PD. designates the locational marginal price for energy for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine;
	11.3.2.1.2 ,ICP-i,d-1. designates the Pass 1 interval i intertie congestion price;
	11.3.2.1.3 ,ICP-i,d-PD. designates the intertie congestion price for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine;
	11.3.2.1.4 ,IntLMP-i,d-1. designates the Pass 1 interval i intertie border price for energy;
	11.3.2.1.5 ,ExtLMP-i,d-1. designates the Pass 1 interval i locational marginal price for energy;
	11.3.2.1.6 ,PExtCong-i,d-1. designates the Pass 1 interval i external congestion component for the intertie congestion price;
	11.3.2.1.7 ,PExtCong-i,d-PD. designates the external congestion component for the intertie congestion price for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine;
	11.3.2.1.8 ,PIntCong-i,d-1. designates the Pass 1 interval i internal congestion component for energy;
	11.3.2.1.9 ,PLoss-i,d-1. designates the Pass 1 interval i loss component;
	11.3.2.1.10 ,PNISL-i,d-1. designates the Pass 1 interval i net interchange scheduling limit congestion component for the intertie congestion price;
	11.3.2.1.11 ,PNISL-i,d-PD. designates the net interchange scheduling limit congestion component for the intertie congestion price for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine; and
	1.1.1.1.1 ,PRef-i-1. designates the Pass 1 interval i locational marginal price for energy at the reference bus.
	11.3.2.2 The real-time calculation engine shall calculate an intertie border price for energy, a locational marginal price for energy for the reference bus, a loss component and a congestion component for energy for Pass 1 at intertie zone bus d ∈ ,D-...
	where
	and
	11.3.2.3 If there is import congestion in pre-dispatch such that ,ICP-i,d-PD. < 0, the  real-time calculation engine shall calculate an initial locational marginal price, an intertie congestion price, and the net interchange scheduling limit congestio...
	11.3.2.4 If there is export congestion in pre-dispatch such that ,ICP-i,d-PD. > 0, the real-time calculation engine shall calculate an initial locational marginal price, an intertie congestion price, and the net interchange scheduling limit congestion...
	where:
	and
	11.3.2.5 If there is no intertie congestion in pre-dispatch such that ,ICP-i,d-PD. = 0 or an intertie zone is out-of-service in real-time, then the real-time calculation engine shall calculate an initial locational marginal price, an intertie congesti...
	where
	and
	11.3.2.6 If the intertie border price for energy (,InitIntLMP-i,d-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the real-time calculation engine shall modify the intertie border price for energy, and its components, as follows:
	11.3.2.6.1 The initial locational marginal price for the reference bus (,InitPRef-i-1.) shall be modified as per section 11.3.1.3;
	11.3.2.6.2 The initial intertie border price (,InitIntLMP-i,d-1.) shall be modified as per section 11.3.1.4, where ,InitLMP-i,b-1. = ,InitIntLMP-i,d-1.;
	11.3.2.6.3 The initial loss component (,InitPLoss-i,d-1.) shall be modified as per section 11.3.1.5; and
	11.3.2.6.4 The initial internal congestion component (,InitPIntCong-i,d-1.) shall be modified as per section 11.3.1.6, where Init,PCong-i,b-1. = ,InitPIntCong-i,d-1..
	11.3.2.7 If the initial locational marginal price for energy (,InitExtLMP-i,d-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the real-time calculation engine shall modify the locational marginal price for energy, as follows:
	If ,InitExtLMP-i,d-1. > EngyPrcCeil, set ,ExtLMP-i,d-1. = EngyPrcCeil.
	If ,InitExtLMP-i,d-1. < EngyPrcFlr, set ,ExtLMP-i,d-1. = EngyPrcFlr.
	Otherwise, set ,ExtLMP-i,d-1. = ,InitExtLMP-i,d-1..
	11.3.2.8 If the modified locational marginal price for energy (,ExtLMP-i,d-1.) determined in section 11.3.2.7 is equal to the intertie border price for energy (,IntLMP-i,d-1.), then the real-time calculation engine shall modify the external congestion...
	If ,ExtLMP-i,d-1. = ,IntLMP-i,d-1., set ,PExtCong-i,d-1. = 0 and ,PNISL-i,d-1. = 0.
	11.3.2.9 If the modified locational marginal price for energy (,ExtLMP-i,d-1.) determined in section 11.3.2.7 is not equal to the intertie border price for energy (,IntLMP-i,d-1.), then the real-time calculation engine shall modify the external conges...
	If ,ExtLMP-i,d-1. ≠, IntLMP-i,d-1., then set
	,PNISL-i,d-1. = (,ExtLMP-i,d-1.−,IntLMP-i,d-1.)∙,,,InitPNISL-i,d-1.-,InitPNISL-i,d-1.+,InitPExtCong-i,d-1....
	If ,PNISL-i,d-1. > NISLPen, then set ,PNISL-i,d-1. =  NISLPen;
	If ,PNISL-i,d-1. < (−1)∙NISLPen, then set ,PNISL-i,d-1. =  (−1)∙NISLPen; and
	Set ,PExtCong-i,d-1. = ,ExtLMP-i,d-1.−,IntLMP-i,d-1.−,PNISL-i,d-1.
	11.3.2.10 The real-time calculation engine shall calculate the intertie congestion price as follows:
	,ICP-i,d-1. = ,PExtCong-i,d-1. + ,PNISL-i,d-1..
	11.3.2.11 The locational marginal price for energy calculated by the real-time calculation engine shall be the same for all boundary entity resource buses at the same intertie zone. Intertie transactions associated with the same boundary entity resour...

	11.3.3 Zonal Prices for Energy
	11.3.3.1 The real-time calculation engine shall calculate the zonal price for energy and its components for Pass 1 and each interval i ∈ I, the energy price for virtual transaction zone m ∈ M , as follows:
	where:
	and
	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 i ∈ I for non-dispatchable load zone 𝑦∈𝑌, as follows:
	11.3.3.3 The Ontario zonal price is calculated per section 11.3.3.2 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 locational marginal price and components for energy for Pass 1 and each interval i ∈ I for every pseudo-unit k ∈ {1,..,K}, where:
	11.3.4.1.1 ,CTMglLoss-i,k-1. designates the marginal loss factor for the combustion turbine identified by pseudo-unit k for each interval i  in Pass 1;
	11.3.4.1.2 ,STMglLoss-i,k-p. designates the marginal loss factor for the steam turbine identified by pseudo-unit k for each interval i  in Pass 1;
	11.3.4.1.3 ,CTPreConSF-i,f,k. designates the pre-contingency sensitivity factor for the combustion turbine identified by pseudo-unit k on facility f during interval 𝑖 under pre-contingency conditions;
	11.3.4.1.4 ,STPreConSF-i,f,k. designates the pre-contingency sensitivity factor for the steam turbine identified by pseudo-unit k on facility f during interval i under pre-contingency conditions;
	11.3.4.1.5 ,CTSF-i,c,f,k. designates the post-contingency sensitivity factor for the combustion turbine identified by pseudo-unit k on facility f during interval i under post-contigency conditions for contingency c; and
	11.3.4.1.6 ,STSF-i,c,f,k. designates the post-contingency sensitivity factor for the steam turbine identified by pseudo-unit k on facility f during interval i under post-contingency conditions for contingency c.
	11.3.4.2 The real-time calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy at the reference bus, a loss component and a congestion component for Pass 1 and each interval i for ever...
	,InitLMP-i,k-1. =,InitPRef-i-1. + ,InitPLoss-i,k-1. + ,InitPCong-𝑖,k-1.
	where:
	,InitPRef-i-1.=,SPL-i-1.;
	Init,PLoss-i,k-1.=,MglLoss-i,k-1.∙,SPL-𝑖-1.;
	and
	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-i,k-1.=, CTShareMLP-k.∙,CTMglLoss-i,k-1. +, STShareMLP-k.∙,STMglLoss-i,k-1.
	,PreConSF-i,f.k. =, CTShareMLP-k.∙,CTPreConSF-i,f,k. +, STShareMLP-k.∙,STPreConSF-i,f,k.
	,SF-i,c,f,k. = ,CTShareMLP-k.∙,CTSF-i,c,f,k. +, STShareMLP-k.∙,STSF-i,c,f,k.
	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-i,k-1. =, CTShareDR-k.∙,CTMglLoss-i,k-1. +, STShareDR-k.∙,STMglLoss-i,k-1.
	,PreConSF-i,f,k. =, CTShareDR-k.∙,CTPreConSF-i,f,k. +, STShareDR-k.∙,STPreConSF-i,f,k.
	,SF-i,c,f,k. = ,CTShareDR-k.∙,CTSF-i,c,f,k. + ,STShareDR-k.∙,STSF-i,c,f,k.
	11.3.4.5 If pseudo-unit k ∈ {1,..,K} is scheduled within its duct firing region, its marginal loss and sensitivity factors shall be:
	,MglLoss-i,k-1. =, STMglLoss-i,k-1.
	,PreConSF-i,f,k. = ,STPreConSF-i,f,k.
	,SF-i,c,f,k. =, STSF-i,c,f,k.


	11.4 Locational Marginal Prices for Operating Reserve
	11.4.1 Operating Reserve Locational Marginal Prices for Delivery Points
	11.4.1.1 The real-time calculation engine shall calculate locational marginal prices and components for operating reserve for Pass 1 and each interval i for a delivery point associated with the dispatchable generation resource or dispatchable load bus...
	11.4.1.1.1 ,L30RP-i,b-1. designates the Pass 1 interval i  locational marginal price for thirty-minute operating reserve;
	11.4.1.1.2 ,P30RRef-i-1. designates the Pass 1 interval i locational marginal price for thirty-minute operating reserve at the reference bus;
	11.4.1.1.3 ,P30RCong-i,b-1. designates the Pass 1 interval i congestion component for thirty-minute operating reserve;
	11.4.1.1.4 ,L10NP-i,b-1. designates the Pass 1 interval i locational marginal price for non-synchronized ten-minute operating reserve;
	11.4.1.1.5 ,P10NRef-i-1. designates the Pass 1 interval i locational marginal price for non-synchronized ten-minute operating reserve at the reference bus;
	11.4.1.1.6 ,P10NCong-i,b-1. designates the Pass 1 interval i congestion component for non-synchronized ten-minute operating reserve;
	11.4.1.1.7 ,L10SP-i,b-1. designates the Pass 1 interval i locational marginal price for synchronized ten-minute operating reserve;
	11.4.1.1.8 ,P10SRef-i-1. designates the Pass 1 interval i locational marginal price for synchronized ten-minute operating reserve at the reference bus;
	11.4.1.1.9 ,P10SCong-i,b-1. designates the Pass 1 interval i congestion component for synchronized ten-minute operating reserve; and
	11.4.1.1.10 ,ORREG-b. ⊆ ORREG as the subset of ORREG consisting of regions that include bus b.
	11.4.1.2 The real-time calculation engine shall calculate an initial locational marginal price, a locational marginal price at the reference bus, and congestion components for Pass 1 for a delivery point associated with the dispatchable generation res...
	where:
	and
	and
	and
	11.4.1.3 If the initial locational marginal price at the reference bus (,InitP30RRef-i-1., ,InitP10NRef-i-1. or ,InitP10SRef-i-1.,) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation engine shall modify the locat...
	If ,InitP30RRef-i-1.>ORPrcCeil, set ,P30RRef-i-1. = ORPrcCeil;
	If, InitP30RRef-i-1. < ORPrcFlr, set, P30RRef-i-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-t-1. = ,InitP30RRef-i-1..
	If ,InitP10NRef-i-1.>ORPrcCeil, set ,P10NRef-i-1. = ORPrcCeil
	If ,InitP10NRef-i-1. < ORPrcFlr, set ,P10NRef-i-1. = ORPrcFlr
	Otherwise, set ,P10NRef-i-1. = ,InitP10NRef-i-1.
	If ,InitP10SRef-i-1.,ORPrcFlr >ORPrcCeil , set ,P10SRef-i-1.= ORPrcCeil
	If ,InitP10SRef-i-1.,ORPrcFlr  < ORPrcFlr, set ,P10SRef-i-1. = ORPrcFlr
	Otherwise, set ,P10SRef-i-1. = ,InitP10SRef-i-1.
	11.4.1.4 If the initial locational marginal price (,InitL30RP-i,b-1.,  ,InitL10NP-i,b-1., 𝑜𝑟 ,InitL10SP-i,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation engine shall modify the locational marginal pri...
	If ,InitL30RP-i,b-1.>ORPrcCeil, set ,L30RP-i,b-1. = ORPrcCeil;
	If ,InitL30RP-i,b-1. < ORPrcFlr, set ,L30RP-i,b-1. = ORPrcFlr;
	Otherwise, set ,L30RP-i,b-1. = ,InitL30RP-i,b-1..
	If ,InitL10NP-i,b-1.>ORPrcCeil, set ,L10NP-i,b-1. = ORPrcCeil;
	If ,InitL10NP-i,b-1. < ORPrcFlr, set ,L10NP-i,b-1. = ORPrcFlr;
	Otherwise, set ,L10NP-i,b-1.= ,InitL10NP-i,b-1..
	If ,InitL10SP-i,b-1. >ORPrcCeil, set ,L10SP-i,b-1. = ORPrcCeil;
	If ,InitL10SP-i,b-1. < ORPrcFlr, set ,L10SP-i,b-1. = ORPrcFlr;
	Otherwise, set ,L10SP-i,b-1. = ,InitL10SP-i,b-1..
	11.4.1.5 If the initial locational marginal price (,InitL30RP-i,b-1.,  ,InitL10NP-i,b-1., or ,InitL10SP-i,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation engine shall modify the congestion component for ...
	Set ,P30RCong-i,b-1. =, L30RP-i,b-1.−,P30RRef-i-1.;
	Set ,P10NCong-i,b-1. =, L10NP-i,b-1.−,P10NRef-i-1.; and
	Set ,P10SCong-i,b-1. = ,L10SP-i,b-1.−,P10SRef-i-1..

	11.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points
	11.4.2.1 The real-time calculation engine shall calculate locational marginal prices and components for operating reserve for Pass 1 and each interval i ∈ I, for intertie zone bus d ∈ D, where:
	11.4.2.1.1 ,ExtL30RP-i,d-1. designates the Pass 1 interval i locational marginal price for thirty-minute operating reserve;
	11.4.2.1.2 ,ExtL30RP-i,d-PD. designates the locational marginal price for thirty-minute operating reserve for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine;
	11.4.2.1.3 ,P30RExtCong-i,d-1. designates the Pass 1 interval i intertie congestion component for thirty-minute operating reserve;
	11.4.2.1.4 ,P30RExtCong-i,d-PD. designates the intertie congestion component for thirty-minute operating reserve for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine;
	11.4.2.1.5 ,ExtL10NP-i,d-1. designates the Pass 1 interval i locational marginal price for non-synchronized ten-minute operating reserve;
	11.4.2.1.6 ,ExtL10NP-i,d-PD. designates the locational marginal price for non-synchronized ten-minute operating reserve for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine;
	11.4.2.1.7 ,P30RRef-i-1. designates the Pass 1 interval i locational marginal price for thirty-minute operating reserve at the reference bus;
	11.4.2.1.8 ,P30RIntCong-i,d-1. designates the Pass 1 interval i internal congestion component for thirty-minute operating reserve;
	11.4.2.1.9 ,P10NRef-i-1. designates the Pass 1 interval i locational marginal price for non-synchronized ten-minute operating reserve at the reference bus;
	11.4.2.1.10 ,P10NIntCong-i,d-1. designates the Pass 1 interval i internal congestion component for non-synchronized ten-minute operating reserve;
	11.4.2.1.11 ,P10NExtCong-i,d-1. designates the Pass 1 interval i intertie congestion component for non-synchronized ten-minute operating reserve; and
	11.4.2.1.12 ,P10NExtCong-i,d-PD. designates the intertie congestion component for non-synchronized ten-minute operating reserve for the dispatch hour in which interval i falls as calculated by the pre-dispatch calculation engine.
	11.4.2.2 The real-time calculation engine shall calculate an initial locational marginal price, a locational marginal price at the reference bus, an internal congestion component and an intertie congestion component for Pass 1 at intertie zone bus d ∈...
	where:
	and
	and
	11.4.2.3 The real-time calculation engine shall calculate initial locational marginal prices, and its components for Pass 1 at intertie zone bus d ∈ D in interval i ∈ I  for each class of operating reserve as follows:
	11.4.2.3.1 If the intertie is import congested in pre-dispatch (,P30RExtCong-i,d-PD. < 0 or ,P10NExtCong-i,d-PD. < 0), then the prices and components are determined in accordance with section 11.4.2.4;
	11.4.2.3.2 If the intertie is not import congestion in pre-dispatch (,P30RExtCong-i,d-PD. ≥ 0 or ,P10NExtCong-i,d-PD. ≥ 0 ) or if an intertie zone is out-of-service, then the prices and components are determined in accordance with section 11.4.2.5.
	11.4.2.4 The real-time calculation engine shall calculate an initial locational marginal price and an external congestion component for the intertie congestion price for each class of operating reserve for Pass 1 at intertie zone bus d ∈ D in interval...
	and
	and
	11.4.2.5 The real-time calculation engine shall calculate an initial locational marginal price and an external congestion component for the intertie congestion price for each class of operating reserve for Pass 1 at intertie zone bus d ∈ D in interval...
	and
	and
	11.4.2.6 If the initial locational marginal price (,InitExtL30RP-i,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation engine shall modify the locational marginal price, the locational marginal price at the ...
	IntL30R =,InitP30RRef-i-1.+,InitP30RIntCong-i,d-1.
	If ,InitP30RRef-i-1. > ORPrcCeil , set ,P30RRef-i-1. = ORPrcCeil;
	If,InitP30RRef-i-1. < ORPrcFlr, set ,P30RRef-i-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-i-1. = ,InitP30RRef-i-1.;
	Set ,P30RIntCong-i,d-1. = ,ExtL30RP-i,b-1.−,P30RRef-i-1.;
	If ,InitExtL30RP-i,b-1. > ORPrcCeil , set ,ExtL30RP-i,b-1. = ORPrcCeil;
	If ,InitExtL30RP-i,b-1. < ORPrcFlr, set ,ExtL30RP-i,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-i,b-1.  = ,InitExtL30RP-i,b-1.; and
	Set ,P30RExtCong-i,d-1. = ,ExtL30RP-i,b-1.−,P30RRef-i-1.−,P30RIntCong-i,d-1.
	11.4.2.7 If the initial locational marginal price (,InitExtL10NP-i,d-1. ) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation engine shall modify the locational marginal price, the locational marginal price at the...
	IntL10N=,InitP10NRef-i-1.+,InitP10NIntCong-i,d-1.
	If ,InitP10NRef-i-1. > ORPrcCeil , set ,P10NRef-i-1. = ORPrcCeil;
	If ,InitP10NRef-i-1. < ORPrcFlr, set ,P10NRef-i-1. = ORPrcFlr;
	Otherwise, ,P10NRef-i-1.  = ,InitP10NRef-i-1.; and
	Set ,P10NIntCong-i,d-1. = ,L10NP-i,b-1.−,P10NRef-i-1.
	If ,InitExtL10NP-i,b-1. > ORPrcCeil , set ,ExtL10NP-i,b-1. = ORPrcCeil;
	If ,InitExtL10NP-i,b-1. < ORPrcFlr, set ,ExtL10NP-i,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-i,b-1.  = ,InitExtL10NP-i,b-1.; and
	Set ,P10NExtCong-i,d-1. = ,ExtL10NP-i,b-1.−,P10NRef-i-1.−,P10NIntCong-i,d-1.
	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 specif...


	11.5 Pricing for Islanded Nodes
	11.5.1 For non-quick start resources that are not connected to the main island, the real-time calculation engine shall use the following reconnection logic where enabled by the IESO in the order set out below to calculate the locational marginal price...
	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.

	11.5.2 For all (i) resources other than those specified in section 11.5.1 not connected to the main island; (ii) non-quick start resources where a price was not able to be determined in accordance with section 11.5.1; the real-time calculation engine ...
	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 IESO, 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 facility 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 facility that is connected to the main island, as determined by the facility-level substitution list where defined and enabled by ...
	11.5.2.5 If a price is unable to be determined in accordance with sections 11.5.2.1 through 11.5.2.4, use the locational marginal price for energy for the reference bus.






