Market Rule Amendment Proposal Form

Part 1 - Market Rule Information
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Subject:

Market Renewal Program: The Real-Time Calculation Engine

Title:

Market Renewal Program: The Real-Time Calculation Engine

Nature of Proposal:
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Chapter: 7
Appendix: Appendix 7.6 (New)

Appendix 7.5 — Delete in its entirety
Sections:

Sub-sections
proposed for
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Current Market Rules
Baseline:
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Page 1 of 86

Public

IMO_FORM_1087v13.00
REV-21-06



Part 3 - Explanation for Proposed Amendment

Summary
The IESO proposes to amend the market rules to codify the Market Renewal Program’s (MRP)
Real-Time Calculation Engine design.

The proposed introduction of Appendix 7.6 of Chapter 7: The Real-Time Calculation Engine
Process describes the process used by the real-time calculation engine to determine schedules
and prices for the real-time market and the real-time look-ahead period.

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

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

Background

The calculation engine appendices define the mathematical terms and algorithms that optimize
dispatch data from market participants to meet power system needs. Terms and algorithms for
the current calculation engines are captured in appendices in the market rules, providing
transparency for how the IESO meets its Chapter 7 obligations for algorithms to schedule and
price the market. The IESO has maintained this approach in codifying the terms and algorithms
used to support the renewed market.

The IESO provided stakeholders with an in depth overview of the calculation engine designs
and market rules at a February 22, 2022 MRP engagement session. That presentation can be
found here:

Discussion
The accompanying * " readers guide provides a
summary of the market rule amendments to Appendices 7.5, 7.5A and 7.6 of the market rules.

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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https://www.ieso.ca/-/media/Files/IESO/Document-Library/engage/imrm/summary-of-batch-3-market-rules-for-calculation-engines-20240313.pdf

Appendix 7.6 — The Real-Time Calculation
Engine Process

1.1
1.1.1

2.1

2.11

2.2

2.2.1

Purpose

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.

Real-Time Calculation Engine

Real-Time Look-Ahead Period

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.

Real-Time Calculation Engine Pass

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.

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

4.1 Fundamental Sets and Indices

4.1.1 A designates the set of all intertie zones;

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

4.13 BP¢ c B designates the set of buses identifying dispatchable generation resources;

4.1.4 BPLc Bdesignates the set of buses identifying dispatchable loads;

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

4.1.6 B"E € BPC designates the subset of buses identifying dispatchable hydroelectric
generation resources;

4.1.7 B"P¢ c B designates the set of buses identifying non-dispatchable generation
resources,

4.1.8 BY°Bid ¢ B designates the set of buses identitying dispatchable loads with no bid for
energy;

4.1.9 BYe0fer ¢ B designates the set of buses identifying generation resources with no offer
for energy;

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

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

4.1.12  B™Uc BVOS designates the subset of buses identifying pseudo-units;

4.1.13 BRECC B designates the set of internal buses in operating reserve region r € ORREG,

4.1.14 BT < B™Y designates the subset of buses identifying pseudo-units with a share of
steam turbine resource p € PST,

4.1.15 B"¢ c BPC designates the subset of buses identifying dispatchable variable
generation resources,
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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 DREG 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 € 4;

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

4.1.21 DI, € D, designates the subset of intertie zone buses identifying boundary entity
resources that correspond to import offers in intertie zone a € 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 i as determined by a preceding security assessment function iteration;

4.1.26 F; . € Fdesignates the set of facilities whose post-contingency limit for contingency ¢
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 € B°* for interval /€ I

4.1.29 /}25 designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b € B for interval i € [

4.1.30 ]}2” designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BP" for interval /€ [,

4.1.31 1;21? designates the set of offer laminations for thirty-minute operating reserve at bus
b e B for interval 7€ I;
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4.1.32 Kfp c be designates the set of offer laminations for energy corresponding to the duct
firing region of a pseudo-unit at bus b € BV in interval i € I;

4.1.33 Kff c be designates the set of offer laminations for energy corresponding to the
dispatchable region of a pseudo-unit at bus b € BV in interval € I

4.1.34 K%, designates the set of offer laminations for energy at b€ B¢ U B”C for interval
i€ I

4.1.35 K,";'/[[,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 € B™V in interval /€ I,

4.1.36 1(,1;25 designates the set of offer laminations for synchronized fen-minute operating
reserve at bus b € BPC for interval i € [

4.1.37 K,l;gN designates the set of offer laminations for non-synchronized fen-minute
operating reserve at bus b € BP¢ for interval j € .

4.1.38 1(',3;2}3 designates the set of offer laminations for thirty-minute operating reserve at bus
b € BPC for interval i € [

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

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

4.1.41 LYPEC I designates the buses contributing to the zonal price for non-dispatchable
load zone y € Y,

4.1.42 M designates the set of virtual transaction zones,

4.1.43 PST designates the set of steam turbine resources offered as part of a pseudo-unit;
4.1.44 Ydesignates 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 € BNPG:
4.2.1.1 FNDG;, designates the fixed quantity of energy scheduled for interval

i€F
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4.2.1.2

42.13

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

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

K%,

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

4.2.2.1

4222

4223

4224

4225

4.2.2.6

4.2.2.7

4228

4229
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DRRDG;}, ,, for w€ {1,.,NumRRDG,,} designates the ramp rate in MW
per minute at which the resource can decrease the amount of energy it
supplies in interval 7 € /while operating in the range between
RmpRngMaxDG;,, ., and RmpRngMaxDG;y,

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

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

PDG;y, i designates the price for the maximum incremental quantity of
energy in interval 7€ /in association with offer lamination k€ KIE ;

P10SDG;,  designates the price for the maximum incremental quantity of
synchronized ten-minute operating reserve in interval 7 € /in association
with offer lamination k € ,1;25 ;

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

association with offer lamination k € LgN ;

P30RDG,, , designates the price for the maximum incremental quantity of
thirty-minute operating reserve in interval 7 € /in association with offer

lamination k€ K2)%;

QDG 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 ;

Q105DG;, ; designates the maximum incremental quantity of
synchronized ten-minute operating reserve in interval 7 € /in association
with offer lamination k € ,1;25 ;
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42210 Q10NDG,  designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve in interval i € /in association
with offer lamination k€ K}p";

42.2.11  (@30RDG; ) designates the maximum incremental quantity of thirty-
minute operating reserve in interval / € /in association with offer
lamination kK € 1;2R;

4.2.2.12  RLP30R;; designates the reserve loading point for thirty-minute operating
reserve in interval 7 € [,

42213  RLP10S;, designates the reserve loading point for synchronized ten-
minute operating reserve in interval / € [,

42214 RmpRngMaxDG;,;,,, for we {1,.,NumRRDG;,} designates the w' ramp
rate break point for interval 7/ € /,

42.2.15 URRDG;,,, for we {1,.,NumRRDG;;} designates the ramp rate in MW
per minute at which the resource can increase the amount of energy it
supplies in interval 7/ € /while operating in the range between
RmpRngMaxDG;, ., and RmpRngMaxDG;, ,,, where
RmpRngMaxDG; shall be equal to zero.

4223 With respect to a dispatchable non-quick start resource identified by bus b € BV¢:
4.23.1 MinQDG), designates the minimum loading point indicating the minimum
output at which the resource must be scheduled except for times when the
resource 1is starting up or shutting down.
4.2.4 With respect to a dispatchable hydroelectric generation resource identified by bus
be BE:
4.2.4.1 (ForL;p,y,ForUy;y,,,) 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;,}.
42.5 With respect to a pseudo-unit identified by bus b € B
4.2.5.1 STShareMLP, designates the steam turbine resource’s share of the
minimum loading point region; and
4.2.5.2  STShareDR, designates the steam turbine resource’s share of the
dispatchable region.
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4.2.6 With respect to a generation resource with no offer for energy identified by bus
be BNDOffer:

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.

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

4.2.7.1

4.2.7.2

4.2.7.3

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
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DRRDL;}, ,, for we€ {1,.,NumRRDL;;} designates the ramp rate in MW
per minute at which the dispatchable load can decrease its amount of
energy consumption in interval 7 € /while operating in the range between
RmpRngMaxDL;}, ., 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 / € /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 j € ]fb;

QDLFIRM;, designates the quantity of energy that is bid at the maximum
market clearing price in interval 7€ /;

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

interval / € /in association with offer lamination € /}p";
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42711  Q10SDL;,; designates the maximum incremental quantity of synchronized
ten-minute operating reserve that may be scheduled in interval /€ /in

association with offer lamination j € /}25;

4.2.7.12  @Q30RDL;;,; designates the maximum incremental quantity of thirty-minute

operating reserve that may be scheduled in interval 7 € /in association
with offer lamination j € jng;

42713  RmpRngMaxDL;,,, for w€ {1,.,NumRRDL,,} designates the w" ramp
rate break point for interval / € /,

42.7.14 URRDL;},,, for w€ {1,.,NumRRDL;;} designates the ramp rate in MW
per minute at which the dispatchable load can increase its amount of
energy consumption in interval 7 € /while operating in the range between
RmpRngMaxDL;}, ., and RmpRngMaxDL,, ,, where
RmpRngMaxDL; shall be equal to zero.

428 With respect to an hourly demand response resource identified by bus b € B#P:
4.2.8.1 FHDR;, designates the fixed schedule of energy consumption for interval
I € Idetermined by the activation of the hourly demand response resource.
429 With respect to a dispatchable load with no bid for energy at bus b € BVoBid.
4.2.9.1 FNBL;, designates the fixed quantity of energy scheduled for consumption
for interval 7 € /determined by the /ESO'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;, designates the fixed quantity of energy scheduled to import for
interval 7 € /and used for calculating locational marginal prices;
4.2.10.2  FIGSch; ; designates the fixed quantity of energy scheduled to import for
interval 7€ /and used for determining schedules;
4.2.10.3  F1IONIGPrc;; designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for interval 7 € /and used for
calculating locational market prices;
4.2.10.4  FIONIGSch; ; 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

4.2.11.2

42.11.3

4.2.11.4

42.11.5

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 fen-
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"C for interval /1 € /.

432 Variable Generation Tie-Breaking

4.3.2.1

4322
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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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433 Operating Reserve Requirements

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

4332 REGMin10R;, designates the minimum requirement for total fen-minute
operating reserve in region r € ORREG in interval /i € [,

4333 REGMin30R;, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in interval /€ /;

4334  REGMax10R;, designates the maximum amount of total fen-minute
operating reserve that may be scheduled in region r € ORREG in interval
i€ [

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

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

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

4338 TOT30R,designates the thirty-minute operating reserve requirement.
434 Resource Minimums and Maximums

434.1 Where applicable the minimum or maximum output of a dispatchable
generation resource and minimum or maximum consumption of
a dispatchable load may be limited due to reliability constraints,
applicable contracted ancillary services, day-ahead operational
commitments, pre-dispatch operational commitments, outages,
derates, operating reserve activation, and other constraints, such that:

43.4.1.1 MaxDEF; , designates the maximum output limit in interval 7
for the duct firing region of a pseudo-unit at bus b € BFSY;

43.4.1.2 MaxDG;, designates the most restrictive maximum output

limit for the dispatchable generation resource in interval i
at bus b € BPC;

43.4.1.3 MaxDL;, designates the most restrictive maximum
consumption limit for the dispatchable load in interval i at
bus b € B,
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434.14 MaxDR; , designates the maximum output limit in interval i

for the dispatchable region of a pseudo-unit at bus

4.3.4.1.5 MinDG;, designates the most restrictive minimum output
limit for the dispatchable generation resource in interval i
at bus b € B”%; and

4.34.1.6 MinDL;, designates the most restrictive minimum

consumption limit for the dispatchable load in interval i at
bus b € B~

4.3.5 Control Action Adjustments for Pricing

43.5.1

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

436 Constraint Violation Penalties for interval i € I;

4.3.6.1

4.3.6.2

4.3.6.3

4.3.64

4.3.6.5

4.3.6.6
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(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,..,Nganyio; } 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,.,N1gsyio;} 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;
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4.3.6.7

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

(P10RViolPrc;,, Q10 RViolPrc;,,) for w€ {1,.., N1 gyio;} 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,.,N3gryiy,} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the Real-Time Scheduling
algorithm in section 8§;

(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,.,Ngggiorvior}
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,., Nggaorvior}
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,.,Nrgezorvior}
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 §;
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4.3.6.16

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

(PXREG].0RI/IO]PrcLW,QXREGIORI/IOIPFCIIW) for we {11"INXREGIORV1'0/1}
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;

(PXREG30RViolSch,,,, QXREG30 RViolSch;,,) for w€ {1,.., Nxgee30rviol}
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,., Nxrgezorvior}
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;,, QPrelTLViolPrcg;,,) 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;

(PITLViolSchyg;y, QITLViolSch ;) for we {1,., Ny, .} 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 Scheduling algorithm in section §;

(PITLViolPrc, sy, QITLVioIPrc sy, for we {1,.,Nirp o, .} 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 Pricing algorithm in section 9; and

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

4.3.7 Price Bounds

4.3.7.1

4.3.7.2
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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;

Public IMO_FORM_1087v13.00
REV-21-06



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

4.3.7.4 ORPrcFlir designates the minimum price for all classes of operating
reserve and is equal to $O/MW.

4.3.8 Weighting Factors for Zonal Prices
4.3.8.1 WF}%RI,T designates the weighting factor for bus b€ L/RT used to calculate
the price for virtual transaction zone m € M for interval /€ /and shall be
equal to the weighting factor used in the day-ahead market for the
applicable hour;
4.3.8.2 WF,}-’;DI,L designates the weighting factor for bus b € L’J‘,/DL used to calculate
the price for non-dispatchable load zone y € Yfor interval 7 € /and shall
be obtained by renormalizing the load distribution factors so that the sum
of weighting factors for a non-dispatchable load zone and for a given interval
is one.
44 Other Data Parameters
44.1 Non-Dispatchable Demand Forecast
4.4.1.1 FL; designates the five-minute province-wide non-dispatchable demand
forecast for interval 7 € /calculated by the security assessment function.
442 Internal Transmission Constraints
4.42.1 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;
4422  AdjNormMaxFlow,rdesignates the limit corresponding to the maximum
flow allowed on facility fin interval i under pre-contingency conditions;
4423 SF; . rp designates the post-contingency sensitivity factor for bus b€ BU D
indicating the fraction of energy injected at bus b which flows on facility
during interval 7under post-contingency conditions for contingency c; and
4424  AdjEmMaxFlow;.rdesignates the limit corresponding to the maximum
flow allowed on facility fin interval junder post-contingency conditions
for contingency ¢
443 Transmission Losses
4.43.1 LossAdj; designates any adjustment needed for interval 7 € /to correct for
any discrepancy between Ontario total system losses calculated using a
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base case power flow from the security assessment function and linearized
losses that would be calculated using the marginal loss factors; and

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€ BUDin interval /€ L

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 /ESO shall use Richview Transformer Station as the real-time calculation
engine’s default reference bus for the calculation of locational marginal prices.

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

5.3 Islanding Conditions

5.3.1 In the event of a network split, the 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

54.1 For each interval 7 € /, each variable generation resource bus b € B"¢ and each offer
lamination k€ be, the offer price PDG; . shall be updated to PDG,p, - (;if;g) ,
where p is a small nominal value of order 10™*.

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 Initial Schedules

5.6.1.1

5.6.1.2
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Initial energy schedules shall be based on the values determined 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,

SDLSch’s" designates the schedule determined for the
dispatchable load at bus b € BP* 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€ BP¢,

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;

SDLPrc)'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

SDGPrcj's” designates the schedule determined for the
dispatchable generation resource at bus b € B¢ by the
Real-Time Pricing algorithm in section 9, of the previous
real-time calculation engine run.

For the dispatchable load at bus b, the intitial schedule, SDLInitSchy ,, 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 7e/Up, j, 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
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5.6.1.3
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5.6.1.2.3

consumption level the dispatchable load can achieve in five
minutes from RTDLTel; p; and

Step 3: If the schedule from the previous real-time
calculation engine run is achievable by ramping from the
RTDLTel j, 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{if” < TelUp,p, then
set SDLInitSchy, = SDLSch{e”

If SDLSch{f¥ < TelDowny, then set
SDLInitSchy, = TelDowng,

Otherwise, set SDLInitSchy, = TelUpgp.

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

5.6.1.3.2

5.6.1.3.3

Step 1: Calculate Te/Up ;, using the submitted up ramp
rates and break points to determine the maximum

production level the resource can achieve in five minutes
from RTDGTel, p;

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_, j; and

Step 3: If the schedule from the previous real-time
calculation engine run is achievable by ramping from the
RTDGTel_, , then set the initial schedule to the schedule
from the previous real-time calculation engine run.
Otherwise, set the initial schedule to the nearest boundary:

If TelDown,;, < SDGSch{i¥® < TelUp,, then

set SDGInitSchy, = SDGSch{if”

If SDGSch{}f¥ < TelDown,, then set
SDGInitSchy, = TelDowng,

Otherwise, set SDGInitSchy, = TelUpgp.
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5.6.14

For the dispatchable load at bus b, the intitial schedule, SDL/nitPrc, p, for

the Real-Time Pricing algorithm in section 9, shall be determined as
follows:

If SDLSch{¥” < SDLPrcf}?¥ < SDLInitSchyy or
SDLInitSchy, < SDLPrc{}f" < SDLSch{f”, then set
SDLInitPrcy, = SDLInitSchyp;

Otherwise set SDLInitPrcy, = SDLPrc{ie’.

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 SDGSchf’” < SDGPrc§y?* < SDGInitSchyy or
SDGInitSchy, < SDGPrc{i® < SDGSchgie® then set
SDGInitPrcy, = SDGInitSchyy;
Otherwise set SDGInitPrcy, = SDGPrc{ie’.
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 € BV%
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 AtZero;, € {0,1}, which designates that the resource is
scheduled to be offline;
5.6.2.1.2 SU;, € {0,1}, which designates that the resource must be
scheduled on its start-up trajectory. This input may indicate
an upcoming confirmed start-up or that the resource has
started ramping up already;
5.6.2.1.3 AtMLPF, ;€ {0,1}, which designates that the resource is
scheduled to operate at or above its minimum loading point
due to a minimum generation constraint or the resource
shutdown has yet to be confirmed by the /ESO;
5.6.2.14 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
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6.1

6.1.1

6.2

6.2.1

6.2.2

its minimum loading point but can still be scheduled at or
above its minimum loading point; and

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

5.6.2.2 For all parameters in section 5.6.2.1:

AtZeroi_b + SUi,b +AtMLPl’b + EvalSDi’b + SDi,b =1

Security Assessment Function in the
Real-Time Calculation Engine
Interaction between the Security Assessment Function
and Optimization Functions

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.

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

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

Inputs into the Security Assessment Function
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.

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

6.2.2.3 the schedules for boundary entity resources at each intertie zone.
Security Assessment Function Processing

6.3.1 The security assessment function shall determine the province-wide non-dispatchable
demand forecast quantity, FL;, using demand forecasts for demand forecast areas, the
IESO’s energy management system MW quantities and the scheduled quantities from
the previous real-time calculation engine run as follows:

6.3.1.1 sum the /ESO 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 interval and input schedules.

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

6.3.2.3 If the AC or non-linear DC power flow analysis converges, continuous
thermal limits for all monitored equipment and operating security 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.
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6.3.2.6

6.3.2.7

6.3.2.8

6.3.2.9

6.3.2.10

6.3.2.11

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.

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.

6.3 Outputs from the Security Assessment Function

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

6.4.1.1

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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7.1.1

8.1

8.1.1

8.2

8.2.1

8.3

8.3.1

Pass 1: Real-Time Scheduling and
Pricing

Pass 1 shall use market participant and IESO inputs and resource and system
constraints to determine a set of resource schedules and 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;

Real-Time Scheduling

Purpose

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

Information, Sets, Indices and Parameters

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

Variables and Objective Function
The Real-Time Scheduling algorithm shall solve for the following variables:

8.3.1.1 SDL;;,, which designates the amount of energy that a dispaichable load
scheduled at bus » € B”L in interval 7 € /in association with lamination
JE /fb;

8.3.1.2 S105DL;, ;, which designates the amount of synchronized ten-minute

operating reserve that a dispatchable load is scheduled to provide at bus

b€ BP! in interval /€ /in association with lamination ;€ %25 ;
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8.3.1.3 S10NDL;,, ;, which designates the amount of non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at bus
b€ B! in interval / € /in association with lamination j € %EN ;

8.3.14 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 SNDG;, i, which designates the amount of energy that a non-dispatchable
generation resource scheduled at bus » € BVP¢ in interval i € /in
association with lamination kK€ K,E ;

8.3.1.6 SDG; p, i, which designates the amount of energy that a dispatchable
generation resource is scheduled at bus » € 5”7 in interval /1 € /in
association with lamination kK€ K,E ;

8.3.1.7 S5105DG; i, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € B”¢ in interval /€ /in association with lamination k€

0S.
ib >

8.3.1.8 S10NDG;y, i, which designates the amount of non-synchronized fen-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € B”Y in interval /€ /in association with lamination & €

ON.
b >

8.3.1.9 S30RDG; p, i, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at
bus b € B¢ in interval / € /in association with lamination k € 1;2}?;

8.3.1.10  8CT;,, which designates the schedule of the combustion turbine resource
associated with the pseudo-unit at bus b € BV in interval /€ I,

8.3.1.11  8ST;,, which designates the schedule of steam turbine resource p € PSTin
interval 7€ [,

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.

8.3.2 The objective function for the Real-Time Scheduling algorithm shall maximize gains

from trade by maximizing the following expression:
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z (ObjDL; — ObjNDG; — ObjDG; — TB; — ViolCost;)

i=1.ng
where:
ObjDL;
Z SDL;y ;- PDL;y; — Z S§10SDL;y, ; - P10SDL;y, ; —
B J €I JEIg® .
pEBDL Z S10NDL;y, ;- PIONDL; ), ; — Z S30RDL;, ; - P30RDL;, ;
jenipy jerpt
ObjNDG; = Z Z SNDG;py - PNDG; 1 |
beBNDC \ gekE,
and

Z SDG;p i - PDGipp + Z S10SDG; pp - P10SDG; o +

keKE, kek}pS

0bjDG; =
5o Z S10NDG; s - PLONDG;  + z S30RDG; i - P3ORDG; 1 x

10N 30R
kKEKj}, 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 7BPen by the
amount of the lamination scheduled and then dividing by the maximum
amount that could have been scheduled. That is:

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

where:

Z ((SDL,v__b_j)z -TBPen) N Z ((moslﬁ)L,’__bu,-)2 -TBPen) N
QDL;_,')_J }E]}ES QlOSDLI.b.j

i ek
TBDL; = Z Tl 2 2
w5 z ((SlONDLi_bJ) -TBPen)+ z ((SBORDL,;JI,U;) -TBPen)

Q10NDL;, Q30RDL;

30R

j E]},E JElip
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TBNDG; =

and

8.3.2.1
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vt ((5101\!0(;5,;,&)2 : TBPen) N ((SBORDGi_b‘k)Z - TBPen
kekipY kEKFPR

beBNDE \rekE, (

(SNDG;x)" - TBPen
QNDG;p x ’

QDG p Q10SDGip,

((soai}b,k)2 : TBPen) N ((SIDSDGI-M{)Z : TBPen) N
keK{loS

Q10NDG; , « Q30RDG;p

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

variables:

8.3.2.2.1

83.2.22

8.3.2.23

83224

83.2.2.5

8.3.2.2.6

SLdViol;,,, which designates the violation variable
affiliated with segment w € {1,..,N4y;,;} of the penalty

curve for the energy balance constraint allowing under-
generation;

SGenViol;,,, which designates the violation variable
affiliated with segment w € {1,.., Nge,pjo} Of the penalty
curve for the energy balance constraint allowing over-
generation;

S$108Viol;,,, which designates the violation variable
affiliated with segment w € {1,.., Ny g0} Of the penalty
curve for the synchronized ten-minute operating reserve
requirement;

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;

S30RViol;,,, which designates the violation variable
affiliated with segment w € {1,.., N30 zp;o; } Of the penalty

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

SREG10RViol,.; ,, which designates the violation variable
affiliated with segment w € {1,.., 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

8.3.2.2.9

8.3.2.2.10

8.3.2.2.11

SREG30RViol,;,, which designates the violation variable
affiliated with segment w € {1,.., Ngge30£1io} 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,.., Nyggei0rvio} Of the

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

SXREG30RViol,;,, which designates the violation variable
affiliated with segment w € {1,.., Nygge30rvior} Of the
penalty curve for violating the area thirty-minute operating
reserve maximum restriction in region r € ORREG,

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

curve for violating the pre-contingency transmission limit
for facility f€ F. and

SITLViol,g; ., which designates the violation variable
affiliated with segment w€ {1,.,Nj7, ;o .} of the penalty

curve for violating the post-contingency transmission limit
for facility f€ Fand contingency c€ C.
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8.3.2.2 ViolCost; shall be calculated as follows:

ViolCost, = z SLdViol,,, - PLdViolSch,,,

w=1.Nraviol;

- 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;

+ z SREG10RViol,;,, - PREG10RViolSch,,,

TEORREG w=1. NREGIDRVIOT[

SREG30RViol,;,, - PREG30RViolSch,,,

TEORREG w=1. NREG3DRVIOT[

SXREG10RViol,;,, - PXREGIORVioISchfW)

SXREG30RViol, ;,, - PXREG30RViolSch,,,
rEORREG

rEORREG (W— 1.NXREG10RViol;

w=1, a"")msc:su}waoiI

+ z 2 SPrelTLViol,,,, - PPrelTLViolSch,,,,

fEF; \W=1.NprerrLviois,

+ Z Z SITLViol, 1, - PITLViolSch, ., |
cEC fE€Fic \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
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8.5.1.1 No schedule shall be negative, nor shall any schedule exceed the quantity
offered for energy and operating reserve respectively. Therefore:

0 <SDL;p;< ODL,, forall be B, j€ [ty

0 < S108DL;,; < QLOSDLy,,, forall be B™, je J}3%

0 < SIONDL,,; < QLONDL,,, forall b€ B, je [}V,

0 < S30RDL,;,; < Q30RDL;,, forall b€ B, je B/

0 < SNDG,,,, < QNDG,,, , for all b€ BYPC, k€ K7;

0 < SDG,,; < QDG forall b€ B, k€ K

0 < S105DG; ., < Q10SDG, ;. for all b€ B"S, ke K}5°:

0 < SIONDG,,,;, < QLONDG;,, for all be BPS, ke K3, and
0 < S30RDG,,, < @BORDG,,, forall b€ B, ke K35F

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 < SDGypi < (1—AtZeroyy) - QDG y.

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 € /and non-quick start resource buses b € BVO:

0 <S510SDG; . < (AtMLP,;, + EvalSD;,,) - Q10SDGy, for all k € K05

0 <S10NDGy ) < (AtMLP;;, + EvalSD; ;) - Q10NDG, ; forall k € KE{,’N; and

0 <S30RDG; 4, < (AtMLP; ), + EvalSD, ;) - Q30RDG 4 . forallk € ngR.
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~

SDL,,,; = SDLInitSchy,,

JEJop
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8.5.2.2 The initial schedule for a dispatchable generation resource at bus b € B¢
shall be fixed to the resource initial schedules. For all dispatchable
generation resource buses b € B¢
SDGy ;. = SDGInitSchy,
kEKS )
8.5.3 Resource Minimums and Maximums for Energy
8.5.3.1 A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for an interval. For all intervals 7/ € /
and all buses b € BPL:
MinDL,, < Z SDLy,,; < MaxDL,,.
JE]b
8.5.3.2  The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all intervals 7€ /and all buses b € B”":
SDL;;,; = QDLFIRM, .
JEIy
8.5.33 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 € BV
SNDGin_;C = FNDGi_b.
kEKYY
8.5.3.4 A constraint shall limit schedules for dispatchable generation resources
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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:

8.5.34.1 For all intervals 7 € /and all buses b € B¢,

min(MaxDG;,, FG;,) if b € BVG

AdjMaxDG,;;, = {MaxDGg,b otherwise

and

AdjMinDG;;, = HH}}(M.!'HDGL wAdMaxDG; b)-
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8.5.3.4.2 For all intervals 7 € /and all buses b € BPC:

Adei?lDGflb = SDGI.b,k = AdeCIXDGin.
kEK['b

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 and intervals /€ [

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

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:

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

8.54.1.2 the total scheduled consumption less the non-dispatchable
portion; and

8.54.13 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 € /and all buses b € BPL:

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

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

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

108 10N

J€lip J€lip J€Iip JE€lip
and

S10SDL,,, + z S10NDL,, ; + z S30RDL,, ; < Z SDLyy,; — MinDL,
jelip® jeri™ JEI® i€l

8.54.3 The amount of both synchronized and non-synchronized fen-minute
operating reserve that a dispatchable load is scheduled to provide shall
not exceed the amount by which the dispatchable load can decrease its
consumption over 10 minutes, as limited by its operating reserve ramp
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rate. This restriction shall be enforced by the following constraint for all
intervals 7/ € /and all buses b € BP.:

S10SDL,; + Zb S10NDL;) ;< 10-ORRDL,
N

L
. Hos )
J€lp J€lp

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 7 € /and all
buses b € B¢

S10SDG; 5 + Z S10NDG; . + z S30RDG; ;. < 30 - ORRDG,;

108 10N 30R
KEK]D KEK]S KEK?]

S10SDG; p  + Z S10NDG; 1 + Z S30RDG;
keKES kKN kekPR
= Z (QDG;pp —SDG;p )

E
kEK{.b

and

S10SDG; e + Z S10NDG; . + z S30RDG;

108 10N 30R
keK}S KEK]P keK?y

< AdjMaxDG,, — Z SDG; x|

kekE,

8.5.4.5 The amount of both synchronized and non-synchronized fen-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
/€ Iand all buses b € B

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

108 10N
KEK}D KEK}

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
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reserve. This restriction shall be enforced by the following constraint for
all intervals /€ /and all buses b € B”¢ with RLP10S];, > 0:

S10SDG; 1 1

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

E
keKE,

min410 - ORRDG,, Z Q10SDG; p, &
KEK}DS
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€ BPC with RLP30R;;, > 0:

S30RDG;

keKFPR
1
< z SDGipp | " | ==
o RLP30R;,

kEKE,
min<{ 30 - ORRDG,, z Q30RDG; j, &
keEKFHR

8.5.5 Pseudo-Units

8.5.5.1 A constraint shall be required to calculate physical generation resource
schedules from pseudo-unit schedules using the steam turbine resource’s
shares in the operating regions of the pseudo-unit determined in section
10. For all intervals 7€ /and pseudo-unit buses b € BV:

STShareMLP,, - z SDGipy | +

kekMEP
§STMod,; , = z '
beB3T
» | STShareDR,, - Z SDGyyy | + Z SDGyy
keKPR kekPF
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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 turbine resources
pE PST

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

SDG; 1, < MaxDR;

DR
keKi}

Z SDG; , x = MaxDF;,,

kekpf
and
SDG;pr + ZD SDGipx+ ) S10SDGip+ > S1O0NDG;,
k EKLf kek; J-.f keKl.ll gs kEK[.IEN
+ S30RDG; ), = MaxDR;, + MaxDF, .
kek

8.5.5.3 For a pseudo-unit that cannot provide fen-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

resource’s schedule for the pseudo-unit at bus b € BV in interval /€ I,
SCT; , shall be equal to:

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

8.5.54.2 the portion of UpTraj;, or DnTraj;;, defined in the section
8.6.2 that was allocated to the combustion turbine resource
in accordance with section 10.6 if the resource is ramping
to or ramping from its minimum loading point; or
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8.5.5.5

8.5.54.3 0 otherwise.

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 resource’s
schedule for p € PST, SST;,, shall be equal to SS7Mod;,, 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 UpTraj;;, 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

8.6.1.4

8.6.1.5
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For disptachable loads, the ramping constraint in section 8.6.1.4 uses
URRDL,, to represent a ramp up rate selected from URRDL;;,,, and uses
DRRDL,, to represent a ramp down rate selected from DRRDL;, ,,.

For disptachable generation resources, the ramping constraint in section
8.6.1.5 uses URRDG), to represent a ramp up rate selected from
URRDG,},,, and uses DRRDG), to represent a ramp down rate selected from
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 € B”~:

Z SDL;_y,; —5-DRRDL, < Z SDLi
jEJIj_E—Lb jE]Fb‘

< Z SDL;_15; + 5+ URRDL,,.
jEJ"F—Lb

Energy schedules for a dispatchable generation resource cannot vary by
more than an interval’s ramping capability for that resource. This
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8.6.1
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constraint shall be enforced by the following for all intervals 7€ /and
buses b € BP:

Z SDGi—l,b,k — 5 - DRRDGb = Z SDGin‘k
keKE |}, KEKEy

< Z SDG;_1 px + 5 URRDG,.

keKE |,

Non-Quick Start Resource Start-up and Shutdown

8.6.2.1

8.6.2.2

For all intervals in the real-time look-ahead period in which a non-
quick start resource is scheduled to 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
I € Isuch that SU;,=1 is determined as follows:

8.6.2.1.1 If / =1, then UpTraj;; shall be determined from
the resource initial schedule and the offered ramp
up capability;

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

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

Z SDGi,b,k = UpT?‘aji’b.

E

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

8.6.2.2.1 If / =1, then DnTray;;, shall be determined from

the resource initial schedule and the offered ramp
down capability;

8.6.2.2.2 If 7 > 1 and SD;, , = 0, then DnTraj;;, shall be
MinQDGy; and
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8.6.2.2.3 If i > 1and SD;; ,= 1, then DnTraj;, shall be
determined from the offered ramp down capability
from DnTraj., p.

8.6.2.2.4 For all intervals 7€ /such that SD,;, = 1:
z SDG;p = DnTraj;p,.
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 /€ /and
all buses b € BPL:

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

jEIps ierig jeript
<— Z SDL;_1p; + z SDL;;; + 30 - ORRDL,
JEIE 1 j€rf,
and

z S10SDL;, ; + z S10NDL; ), ;

jeItps jeitpy
= — z SDLi—l,b,j + z SDLi,b,}' +10- ORRDLb
JEIE 1 p J€Ity

8.6.3.2 Constraints shall be applied to recognize that interval to interval changes
in a dispatchable generation resource’s schedule for energy may modify
the amount of operating reserve that the resource can provide. For all
intervals 7 € /and all buses b € BC:

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

KEK} DS keREN keRPpR
= z SDGE_Lka - z SDGi,b,k + 30 . ORRDGb
KEK KEK,
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 SDL;, if b € BPL

With; , = J€Ty
i1,
FHDR;, if b € BHPR
FNBL;, if b € BNoBid

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

Wl'thi’d = FXLSChi’d.

8.7.1.3 The total amount of injections scheduled at internal bus b € B, in interval
1€ [, Inj; j, shall be:

( Z SNDG; , x if b € BNPS
keKE,
Inj;p = 4 z SDG; if b € BPS
kEKE,
\FNOG;, if b € BNoOffer

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

Injl',d = FIGSChi,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
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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
begDLyBHDR g NoBid

+ Z (1 + MgILOSSi,d) . With["d - Z SLdVE.OE!'_W
deDx W=1"NLdVioli

= Z (1 + MglLossi,b) Inj;p
begNDG,gDGgNoOf fer

+ Z (1+ MglLoss;q) - Inji g — Z SGenViol;,,
deDI W=1--NGe?1VioIi

+ LossAdj;.

8.7.2 Operating Reserve Requirements

8.7.2.1

8.7.2.2
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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.

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 7€ 7.

Z Z S10SDL;,; | + Z Z S10SDG,

beBPL jE]il_gS beBDPG kef{ggs

+ Z 5§10SViol;,, = TOT10S;

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

DL : 5 DG S
beB }E]g’g bEB kex‘{g

+ Z Z S10NDL;y ;
beBPL \ jeioN

+ Z Z S10NDG; ;. |+ Z F10NXLSch; 4

beBPG \pex}oN deDx

+ Z F10NIGSch; 4 + Z S10RViol;,,
depi w=1.N1oRViol;

= TOT10R;;

and

S10SDL;,; |+ Z Z S10SDGyp 1

beBDPL \ jej105 beBPE \kek}DS

+ Z 2 S10NDL; ) ;
beBPL \ jejioN

+ Z Z S10NDG, | + Z F10NXLSch; 4

beBDG kEKfl,gN deDx
+ Z F10N16‘Schm + Z Z SBORDL;_,,J
depi beBDL \ je 30k
+ z Z S30RDG; 1 | + Z FSORXLSchi_d
beBDG kexfgﬂ deDX

+ Z F30RIGSch; 4 + Z S30RViol;,,
deDI W=1"N3URVI'.OI{-
> TOT30R,.

8.7.2.3  The following constraints shall be applied for each interval /€ / and each
region r€ ORREG:
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S10SDLy,; | + Z z S10SDG; , 1

beRECNBDL \ jesios beBRECNBDG \keg}S

+ Z S10NDL;p; | + z Z S10NDG;

beBREGnRDL \ jej1oN beBREGnBDG \ ek 1PN

+ Z F10NXLSch; 4 + z F10NIGSch,

deDREGnpx deDREGnp;
+ z SREG10RViol,;,, = REGMinlOR,,;

w=L1.NREG10RViol;

Z S10SDL;,; | + Z Z S10SDG, p &

beBREGNBDL \ jestps beBREGNBDG \kek}S
+ Z Z S10NDL;,; | + Z Z S10NDG;
beBREGnBDL \jesipN beBRECnBDE \ ek}
+ z F10NXLSch; 4 + Z F10NIGSch; 4
deDREGnpx depREGnDT
- Z SXREG10RViol,;,, < REGMax10R,,;

w=1.NXREG10RViol;

S10SDL;p ; |+ Z Z S105DGp e
beBRECNBDL \ jeplos beBFECNBDG \ kexlpS
+ Z S10NDL;p; | + Z Z S10NDG; p
beBRECNBDL \ jeioN beBFECNBDG \ kek N
+ Z F10NXLSch; 4 + Z F10NIGSch; 4
daepfECnpx aepfECnpI
- Z SXREG10RViol,;,, < REGMax10R; ,;

W=1.NxREG10RViol;
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Z S10SDLy, ; | + Z Z S10SDG; 1

beBRESNBDL \ jerlns beBREGNBDE \ kek S

+ Z Z S10NDLy; | + Z Z S10NDG; j, i
beBREGnDL \ jertoN beBREGNEDE \ kek 1N

+ Z F10NXLSch; 4 + Z F10NIGSch; 4
deDRECnpx deDRECnpI

+ Z Z S30RDL;p; | + Z Z S30RDG; p i
beBFEGNBDL \ je 3ok beBFECNBDG \kek7pR

+ Z F30RXLSch; 3 + Z F30RIGSch; 4
deDREGnpx deDREGAD]

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

W=1.NREG30RVi0l;

and

Z Z S10SDL;; |+ Z Z S10SDG; 1
beBfECNBPL \ jejlps beBfECNEPE \ kek s

+ Z Z S10NDL;p; | + Z Z S10NDG; p
beBFEGNBDL \ jestpN beBFEGNEDG \ kexfpN

+ Z F10NXLSch; 4 + Z F10NIGSch; 4

depREGnpx depRECnpy

+ Z Z S30RDL;, ;
beBBEGNgDL \ je 7pR

+ Z S30RDG;px | + Z F30RXLSch; 4
beBRECNBDG \ ek PR

+ Z F30RIGSch; 4
depREGnpy

_ Z SXREG30RViol, ;,,
W=1.NxREG30RViol;

< REGMax30R,,.

depREGnpx

8.7.3 IESO Internal Transmission Limits

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

8.7.3.2 Pre-contigency, SPrelTLViolg;,, and post-contingency, SITLViol.z;,,
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:

PreConSF;s ), - Inj;
bEBNDG UBDGUBNDOffET

- PTQCORSF;:J#JD . With!‘,b

bEBDLUBHDRUBNOde

+ Z PreConSFifq - Injiqa — Z PreConSF; ;4
deDI deDx

- With; g — Z SPrelTLVioly;,,

W =1.NprelTLVioly
< AdjNormMaxFlow;.

8.7.3.4  For all intervals /€ /, contingencies ¢ € (, and facilities f € F; ., the
linearized constraints for violated post-contingency limits obtained from
the security assesment function shall take the form:

SFicrp - Injip
bEBNDGUBDGUBNOUfo?‘
- Z SFiopp - With,, + Z SFesa
bEBDLUBHDRUBNOBid deDI
Injig — Z SFicpa- With g
denx

- Z SITLViol. s ;. < AdjEmMaxFlow; . ;.

w=1.NiTLviol, ¢
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8.7.4

8.8

8.8.1

9.1

9.1.1

9.2

9.2.1

Penalty Price Variable Bounds

8.7.4.1

Outputs

0 <SLdViol,,, < QLdViolSch,
0 < SGenViol;,, < OGenViolSch,
0 < 5108Viol;,, < Q10SViolSch.

0 < S10RVioly,, < Q10RViolSch, .,

0 < S30RViol;,, < Q30RViolSch;,,
0 < SREG10RViol, ;,, < OREG10RViolSch.

0 < SREG30RViol,;,, < OREG30RViolSch,

0 < SXREG10RViol, ;,, < OXREG10RViolSch.

0 < SXREG30RViol, ;,, < OXREG30RViolSch,

0 < SPrelTLVioly;,, < QPrelTL VfolSchﬁw

and

0 < SITLViol, g;,, < QITLViolSeh, ,,

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

forall w € {1...Npgviol, }:
for all w € {1,...Ngeyviol; }
forallw € {1,.., Nygsvioy; }5

forallw € {1,.., Nygryioy };

forallw € {1,.., N3ogyio

for all » € ORREG, w € {1,..,Ngegi0rviol, };
for all » € ORREG, w € {1,..,Nggc3orviol, }
for all » € ORREG, w € {1,.., Nypggiorvio, };
for all r € ORREG, w € {1,...Nxprcaorviol, }

for alle F:-, wE {1'!”9NP1‘CITLVi0]fi};

forallc € C,fE F'I',C’ wE {l’“?N]TLViolc_fi}‘

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

Real-Time Pricing

Purpose

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.

Information, Sets, Indices and Parameters

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
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the Real-Time Scheduling algorithm in section 8 shall be used in the Real-Time
Pricing algorithm:

9.2.1.1 SDET %€ {0,1}, which designates whether the dispatchable generation

resource at bus b € BV?S was scheduled on a shutdown trajectory in
interval 7 € /such that EvalSD;, = 1;

9.2.1.2  SDLInitSch », which designates the initial schedule for the dispatchable

load at bus b € B" used in the Real-Time Scheduling algorithm in section
8; and

92.13 SDGInitSchy p, which designates the initial schedule for the dispatchable

generation resource at bus b € B”C 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.
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9.3.3 ViolCost; shall be calculated as follows:
ViolCost; = ; SLdViol; - PLdViolPrc,,
w=1aNavior

— Z SGenViol, - PGenViolPrc;,,
W=1.Nganyiol

+ Z 510SViol;,, - P10SViolPrc;,
w=1.N1gsyiol,

+ ‘Z S10RViol;,,- P10RViolPrc;,,
w=1.N1orviol,

+ ‘Z S30RViol;,, - P30RViolPrc;,,
w=1.N30pv500

+ ( SREGIORV:'OZT,J[-JW'PREGIURViOIPrCE_W)
EG\w=1.Ngggorvial,

SREG30RViol, ;- PREG3 ORVioIPrci_w)

EG\w= 1NREG3URV[OE

SXREG10RViol,,, - PXREG1 URV;:oiPrciJW)

SXREG30RViol,;,,-PXREG30RViolPrc;,,

riw

(""—1 NXREGIORVm{

EG\w=1 NXREGBORV:O(

+ Z SPrelTLViol;,,, - PPrelTLViolPrcy,;,,

EF, W=1“”Prgf?"wzorﬂ

cfiw |

+3 % NZ SITLViol,,,, PITLViolPrc
¢ fEF,\w=1-Nrvar,

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

9.4 Constraints

94.1 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
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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 € BV and interval 7 € [, where:
9.5.1.1.1 AtZero,;, shall be replaced by AtZerof";
9.5.1.1.2 AtMLPF,;, shall be replaced by AtMLE;R TP. and

9.5.1.1.3 EvalSD;, shall be replaced by EvalSDF!”.

952 Resource Initial Conditions
9.5.2.1  The initial schedule for a dispatchable load at bus b € B°" shall be fixed
to the resource initial schedules. For all dispatchable load buses b € B~
Z SDLy,; = SDLInitPrcy),
. E - '
i€lop
9.5.2.2  The initial schedule for a dispatchable generation resource at bus b € B¢
shall be fixed to the resource initial schedules. For all dispatchable
generation resource buses b € B°¢:
Y SDGyyy =SDGInitPrey,
kEKg'b
9.53 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,, shall be replaced by AtMLPS”
where AtMLB;’f,T ?is determined in accordance with section 9.8.1.
9.54 Operating Reserve Requirements
9.54.1 The constraints in section 8.5.4 shall apply in the Real-Time Pricing
algorithm.
9.5.5 Pseudo-Units
9.5.5.1 The constraints in section 8.5.5 shall apply in the Real-Time Pricing
algorithm.
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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; ;in section 8.7.1.2;
9.7.1.1.2 FIGSch; 4 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, + CAAdj, + D+ Mglloss,y) - With,,
pepDLypHDRgNoBid
+ Z (1+ MglLoss; 4) - With; 4
deDX

- Z SLdViol,,

w=1.Npdviol;

= Z (1+ MglLoss;),) - Inj;,,
pepNDGgDG  gNoOffer

+ Z (1+ MgllLoss; q) - Inj; 4
deDI

- Z SGenViol;,, + LossAdj;.

W=1--NGenVio£i

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; 4 shall be replaced by F10NXLPrc; 4 for all
de DX,

9.7.2.1.2 F10NIGSch; ; shall be replaced by F10NI/GPrc; ; for all
de DI,

9.7.2.1.3 F30RXLSch; ; shall be replaced by F30RXLPrc;; for all
de DX, and

9.7.2.1.4 F30RIGSch; 4 shall be replaced by F30RIGPrc; 4 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 € [
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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,...Nyggpiol, 5

0 = §30RViol;,, = Q30RViolPrc, for all w € {1,...N39gpiol,}

0 < SREG10RViol, ;,, < OREG10RViolPrc, for all » € ORREG, w € {1,..NgrGiorviol,} 5
0 < SREG30RViol,;,, = QREG30RViolPre; for all » € ORREG, w € {1,..Nggg3ozviol,} 5
0 < SXREG10RViol,.;,, < OXREG10RViolPre; for all € ORREG, w € {1,...Nxzgc1orviol, }
0 = SXREG30RViol,.;,, < OXREG30RViolPre; for all € ORREG, w € {1,...Nxzgcaorviol, }
0 <SPrelTLVioly;,, < QPreITLVio]Prcﬁw forall fe F,,we {1,..,Npr21nm;ﬂi}; and

0 <SITLViol,g;,, < QITLVfo]PrcCﬁM forallc € C, fEF; . ,WwE {1 Nirviol, g}

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 € BV and
interval /€ [

9.8.1.1.1 AtZer: ,;bTP € {0,1}, which designates that the resource is
not scheduled and is calculated as follows:

AtZerof¥ = AtZero;,.

9.8.1.1.2 SUFI* € {0,1}, which designates that the resource must be

scheduled for energy on its start-up trajectory and is
calculated as follows:

SUEP = SU;p.

9.8.1.1.3 AtMLHﬁTP € {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 =

RTP _
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9.9

9.9.1

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:

EvalSDf]* = 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:

S‘DRTP _ SDi,b if EvaISDi'b = 0
Wb | SDETS if EvalSD;, =1

Outputs

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

9.9.13 sensitivity factors.

10 Pseudo-Unit Modelling

10.1 Pseudo-Unit Model Parameters
10.1.1 The real-time calculation engine shall use the following registration and dispatch
data to determine the underlying relationship between a pseudo-unit and the
associated physical resources for a combined cycle plant with K combustion turbine
resources and one steam turbine resource:
10.1.1.1  CMCR,, which designates the registered maximum continuous rating of
combustion turbine resource k€ {1,.., K} in MW;
10.1.1.2  CMLP,, which designates the minimum loading point of combustion
turbine resource k€ {1,..,K} in MW;
10.1.1.3  SMCR, which designates the registered maximum continuous rating of the
steam turbine resource in MW;
10.1.1.4  SMLP, which designates the minimum loading point of the steam turbine
resource in MW for a 1x1 configuration;
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10.1.1.5  SDF, which designates the amount of duct firing capacity available on the
steam turbine resource in MW,
10.1.1.6  STPortion,, which designates the percentage of the steam turbine
resource’s capacity attributed to pseudo-unit k € {1,..,K}; and
10.1.1.7  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
kand 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:
CMLP, + SMLP - (1 — CSCM,)
10.1.2.3  MDF,, which designates the duct firing capacity of pseudo-unit k and 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 MMLPE, and
MMLPE, + MDRy;
10.1.3.3  The duct firing region shall be the capacity between MMLE, + MDR, and
MMCR,,.
10.1.4 The real-time calculation engine shall calculate the associated combustion turbine

resource and steam turbine resource shares for the three operating regions of pseudo-
unit k€ {1,..K}, as follows:
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10.1.4.1  For the minimum loading point region:

10.1.4.1.1 Steam turbine resource share: STShareMLP, =
SMLP-(1-CSCMj).

MMLPy, ’

10.1.4.1.2 Combustion turbine resource share: CTShareMLP; =

CMLP
——% and
MMLP,

10.1.4.2  For the dispatchable region:

10.1.4.2.1 Steam turbine resource share:
STShareDR;, =
(1=CSCM0) (SMCR-STPortiony—SMLP=SDF-STPortion), . 4
MDRy, > an
10.1.4.2.2 Combustion turbine resource share:
CTShareDR,, = SR MEPE. 1hq
MDRy,
10.1.4.3  For the duct firing region:
10.1.4.3.1 Steam turbine resource share shall be equal to 1; and
10.1.4.3.2 Combustion turbine resource share shall be equal to 0.

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 resource
k€ {1,.,K} in interval 7 as determined by submitted deratings;

10.2.1.2  STCap;, designates the capacity of the steam turbine resource 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  MLF} designates the minimum loading point of pseudo-unit k in interval J
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10.2.2.2 DR, designates the dispatchable capacity region of pseudo-unit kin
interval 7, and

10.2.2.3  DFj; designates the duct firing capacity region of pseudo-unit k in interval
L

10.2.3 Pre-Processing of De-rates

10.2.3.1  The real-time calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a pseudo-
unit based on the combustion turbine resource’s and steam turbine
resource’s share and the application of the pseudo-unit deratings. For
pseudo-unit k € {1,.,K} for interval /1€ [

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

If TotalQ;, < MMLP,, then:

Calculate CTAmt;, = 0;and

Calculate STAmt;;, = 0.

Otherwise:

CTAMtMLP = MMLP,, - CTShareMLP,; and
STAmtMLP = MMLP,, - STShareMLP;.

If TotalQ;, > MMLP, + MDR,, then:
CTAmtDR = MDRy, - CTShareDRy;
STAmtDR = MDR,, - STShareDR,; and

STAmtDF = (1 — CSCMy) - (TotalQ;, — MMLP;, —
MDR)).

Otherwise:

CTAmtDR (TotalQ;y — MMLPy) - CTShareDRy;
STAmtDR = (TotalQ;, — MMLPy) - STShareDRy;
STAmtDF = 0,

CTAmt;, = CTAmtMLP + CTAmtDR; and

STAmt; ), = STAMtMLP + STAmtDR + STAmtDF.
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10.2.3.1.2 Step 2: Allocate the steam turbine resource’s capacity to each
pseudo-unit:

STAmt;
Ywe 1.k} STAML;

PRSTCap; = ( ) *STCap;

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

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

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

If CTCap; < CMLPy, then the pseudo-unit is
unavailable.

IfPRSTCap;,, < SMLP - (1 — CSCMy,), 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:

Set MLP,, = MMLP,.
Set DR;;, = MDR.
Set DFi,k = MDFk

10.2.3.1.5 Step 5: Apply the derating for the combustion turbine resource to
the dispatchable region:

Calculate P so that CMLP, + P - CTShareDRy - MDR, =
CTCap; y; and

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

10.2.3.1.6 Step 6: Apply the derating for the steam turbine resource to the
duct firing and dispatchable regions for pseudo-units not operating
in single cycle mode:

Calculate R so that SMLP + R - STShareDR,, - MDR,, =

PRSTCap; .
IfR < 1,update DF;, = 0,and DR;;, = min(DR;,,
R - MDRy).
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IfR > 1, update DF;, = min(DF;y, PRSTCap;; —
SMLP — STShareDRy, - MDRy,).

10.2.4 Available Energy Laminations

10.2.4.1

10.2.4.2

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

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

10.2.4.1.3 QDF; designates the total quantity that may be scheduled
in the duct firing region.

The available offered quantity laminations shall be subject to the following
conditions:

0

IA

QMLPi’k < MLPi'k;
0 < QDRi,k < DRi,k;

0

IA

QDF;, < DF;y;

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

if QDR;;, < DRy, then QDF;; = 0.

10.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

10.3.1 The real-time calculation engine shall convert physical resource constraints to
pseudo-unit constraints, where:

10.3.1.1

10.3.1.2
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a maximum limitation on pseudo-unit k, then PS. UMaXZk shall be set equal
to MLP,+ DR;;+ DFy; and

10.3.1.3  CTCmtd;; € {0,1} designates whether combustion turbine resource
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:

10.3.2.1 Minimum limitation: MinDG;;, = maxqe{l,"Q}PSUMinEk
10.3.2.2  Maximum limitation: MaxDG;x = minge {LHQ}PSUMaxEk

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

10.3.3 Pseudo-Unit Minimum and Maximum Constraints

10.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as
follows:

10.3.3.1.1 PSUMin;; = PMin where PMin shall be a minimum
constraint provided on pseudo-unit k € {1,.., K} for interval
i€ [, and

10.3.3.1.2 PSUMax;;, = PMax where PMax shall be a maximum
constraint provided on pseudo-unit k € {1,..,K} for interval
I€ [

10.34 Combustion Turbine Resource 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 resource’s minimum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMin < MLP; - CTShareMLP,, then st

STMinMLP = CTMin - (M)

CTShareMLPy,
STMinDR = 0.
Otherwise, if CTMin = MLP;; - CTShareMLPy, then set

STMinMLP = MLP; - STShareMLPy,

STMinDR = (CTMin — MLP,, - CTShareMLP,) - (—fﬁz;:zzz)
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Therefore:

PSUMin;, = CTMin + STMinMLP + STMinDR.

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

PSUMin;; = CTMin

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

If CTMax < MLP;, - CTShareMLPy, then PSUMax;; = 0 and the
pseudo-unit is unavailable.

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

STMaxMLP = MLP,, - STShareMLP,

STShareDRk)

STMaxDR = (CTMax — MLP, - CTShareMLP,) - (m
k

PSUMax;, = CTMax + STMaxMLP + STMaxDR

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

PSUMax;, = CTMax.

10.3.5 Steam Turbine Resource Minimum and Maximum Constraints

10.3.5.1  The real-time calculation engine shall convert a stream turbine resource’s
minimum constraint to a pseudo-unit constraints as follows:

10.3.5.1.1 Step 1: Identify A € {1,.., K}, which designates the set of
pseudo-units to which the constraint may be allocated
where pseudo-unit k € {1,.,K} is placed in set A4 if and only
if CSCMy, = 0 and CTCmtd;; = 1. If the set A 1is empty,
then no further steps are required, otherwise proceed to
Step 2.

10.3.5.1.2 Step 2: Determine the steam turbine resource’s portion of

the capacity for pseudo-unit k € A:
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STCap, = QMLP;, - STShareMLP, + QDR;,
- STShareDR;, + QDFy.

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,, is limited by
STCapy,.

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

If STPMiny,, < MLP;, + STShareMLPj, then set

; and

CTMinMLP, = STPMin, - (S retlPk)

STShareMLPy,
CTMinDR, = 0.

Otherwise, if STPMin, = MLP;y - STShareMLPy,
then set

CTMinMLP, = MLP;, - CTShareMLP,; and

CTMinDR), = (STPMink — MLP;, -

CTShareDR
STShareMLPy) - (Wrwn:)'

Therefore:
PSUMin;, = STPMin, + CTMinMLP, + CTMinDR,,.

10.3.5.1.4 If pseudo-units with sufficient steam turbine resource
capacity are not commited, then the real-time calculation
engine shall not convert the entire quantity of the steam
turbine resource’s minimum constraint to pseudo-unit
constraints.

10.3.5.2 The steam turbine resource’s maximum constraint shall be converted to a
pseudo-unit constraint as follows:

STAmt,
Ywe1,.ky STAML;

PRSTMax;, = ( )-STMax.

If the converted steam turbine resource maximum constraint limits
the steam turbine resource portion to below its minimum loading
point, then

PSUMax;, = 0.
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10.4

10.4.1

10.5

10.5.1

10.5.2

10.3.5.3

Otherwise, calculate R so that SMLP + R - STShareDRy, -
MDR; = PRSTMax;

IfR < 1,set PSUMax;, = MLP;; + min(DR;y,R - MDRy).

IfR > 1, set PSUMax; = MLP;; + DR;, + PRSTMax;; —
SMLP — STShareDR;, - MDRy,.

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

Steam Turbine Resource Forced Outages

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

mode.

Determination of Energy Management System MW Values
for Pseudo-Units

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

10.5.1.1

10.5.1.2

10.5.1.3

10.5.1.4

10.5.1.5

10.5.1.6

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

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

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

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

TDR, designates the effective dispatchable region operating range for the
time at which energy management system MW value was determined; and

TDF,, designates the effective duct firing region operating range for the
time at which energy management system MW value was determined.

The real-time calculation engine shall determine the effective energy management
system MW values for pseudo-units as follows:
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10.5.2.1

10.5.2.2

10.5.2.3
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Step 1: For all combustion turbine resources, assign the following energy
management system MW values to the corresponding pseudo-unit

ke {1,.K}:

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

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

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

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

Otherwise, set CTDRTel, = 0.

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

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

STShareMLPk)

STMLPM = CTMLPTel; - (—
el ¢ \CrShareMLP,
10.5.2.2.2 STDRMax, designates the maximum MW value that may be
assigned to the steam turbine resource’s share of the
dispatchable region and is calculated as follows:

STShareDRk)

STDRM = CTDRTel (—
all ¢k "\CTShareDR,

Step 3: Allocate the energy management system MW value for the steam

turbine resource to the minimum loading point and dispatchable regions of

the pseudo-unit in proportion to the maximum amount that may be

allocated. For pseudo-unit k € {1,..,K}:
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10.5.2.4

10.5.2.5

10.5.2.6
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10.5.2.3.1 STMLPTel, designates the MW value assigned to the steam
turbine resource’s share of the minimum loading point
region and is calculated as follows:

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

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

10.5.2.3.2 STDRTel, designates the MW value assigned the steam
turbine resource’s share of the dispatchable region and is
calculated as follows

STDRMax,,
Yw=1.x(STMLPMax,, + STDRMax,,)

STDRTel,, = min {STDRMaxk ,( ) *STTe

Step 4: Determine the remaining portion of the energy management
system MW value for the steam turbine resource that is yet to be
distributed (S7RemTel) as follows:

STRemTel= STTel — § (STMLPTel, + STDRTel,.)

k=1.K

Step 5: Determine the maximum energy management system MW value
for the remaining steam turbine resource that may be assigned to the duct
firing region for the pseudo-unit based on whether the pseudo-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, +
STDRTel,) > TMLP, + TDR,, then set STDFMax, =
TDF,

Otherwise, set STDFMax;, = 0.

Step 6: Distribute the remaining portion of the energy management system
MW value for the steam turbine resource to the duct firing regions of the
pseudo-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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10.5.2.7

STDFMax;,,
Zw:l..K STDFM(IXW

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

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 plant with K combustion turbine resources and one steam
turbine resource, the real-time calculation engine shall compute the following energy
and operating reserve schedules for interval / € [

10.6.1.1

10.6.1.2

10.6.1.3

10.6.1.4

10.6.1.5

10.6.1.6

10.6.1.7

10.6.1.8

10.6.1.9
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CTE; designates the energy schedule for combustion turbine resource
ke{l1,.,K};

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

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

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

STP10S;,, designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource’s portion of pseudo-unit

ke{l1,.,K};

ST105; designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource;

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

STP10N, designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine resource’s portion of pseudo-unit

ke {1,.,K):;

ST10 N, designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine resource;
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10.6.2

10.6.3

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

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

10.6.1.12 ST30R, designates the thirty-minute operating reserve schedule for the
steam turbine resource.

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

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

10.6.2.1.1 SEMLPF, . designates the portion of the schedule
corresponding to the minimum loading point region, where
0 < SEMLP, < QMLE;

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,; = QMLF,;

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 ten-minute operating
reserve scheduled;

10.6.2.3  S10N; designates the total amount of non-synchronized ten-minute
operating reserve scheduled. If the pseudo-unit cannot provide operating
reserve from its duct firing region, then 0 < S, + $105;, +
S10N,x < QMLE,; + QDR;;; and

10.6.2.4  S30R;; designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SE;; + S105;; + S10N,, + S30R,; < QMLE,; +
QDR;; + QDF;,.

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

10.6.3.3  STPE, ; designates the initial energy schedule allocated to the steam
turbine resource’s portion of pseudo-unit k€ {1,..,K}.

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;) = MLP,, then:

CTE;x, = SEMLP;; - CTShareMLP, + SEDR;; - CTShareDRy;
STPE;, = SEMLP;, - STShareMLP, + SEDR;; - STShareDR, + SEDF;,;
RoomDR;, = QDR;y — SEDR;;

10SDR;, = min(RoomDR;,510S;);

10NDR;, = min(RoomDR;; — 10SDR;, S10N;;);

30RDR; = min(RoomDR;; — 10SDR;; — 10NDR;,S30R; );
CT10S;, = 10SDR;) - CTShareDRy;

STP10S;, = 10SDR;, - STShareDRy + (S10S;;, — 10SDR;);
CT10N;, = 10NDR;, - CTShareDRy;

STP10N;; = 10NDR; - STShareDR, + (S10N;;, — 10NDR;);
CT30R;, = 30RDR; - CTShareDR,; and

STP30R;, = 30RDR;y - STShareDR; + (S30R;;, — 30RDR; ).

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

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

CTEi‘k = SEl',k; and
STPE;, = 0.

10.6.4.4  If the steam turbine resource is online, the incremental pseudo-unit
schedule will be assigned to the steam turbine resource until the assigned
combustion turbine resource’s and steam turbine resource’s schedules
adhere to the pseudo-unit model as follows:
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10.6.4.5

10.6.4.6

10.6.4.7

10.6.4.8
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If( STPEi—vk ) < STShareMLP;,, then
STPE;_1 +CTE{_1 )

CTE;; = CTE;_1x,

STPE;y = SE;} — CTE;_1.
Otherwise:

CTE;y = SE; - CTShareMLP,; and
STPE;, = SE;y - STShareMLP,.

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

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

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

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

CTEi,k = SEi,k ' CTShaTeMLPk, and
STPE, = SE;y - STShareMLP,.

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

$10S;; = S10N;; = S30R;, = 0;

CT10S;, = 0;
STP10S;,=0;
CT10N;, = 0;
STP10N;, = 0;

CT30R;, = 0;and
STP30R;, = 0.
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10.6.4.9  The steam turbine resources portion schedules from section 10.6.4.1
through 10.6.4.8 shall be summed to obtain the steam turbine resource
schedule as follows:

STEI: Z STPEEJ;C;
fe=1,.K

ST10S; = z STP10S;;
ke=1,.K

ST10N; = Z STP10N, ;
k=1,..K

and

ST30R, = Z STP30R; ;

k=1,.K
11 Pricing Formulas
11.1  Purpose
11.1.1 The real-time calculation engine shall calculate locational marginal prices using

shadow prices, constraint sensitivities and marginal loss factors.

11.2 Sets, Indices and Parameters

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

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

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

11.2.1.3  SPNorm Elfdesignates the Pass 1 shadow price for the pre-contingency
transmission constraint for facility f€ Fin interval 7,

11.2.1.4 SP10S! designates the Pass 1 shadow price for the total synchronized ten-
minute operating reserve requirement constraint in interval 7
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11.2.1.5

11.2.1.6

11.2.1.7

11.2.1.8

11.2.1.9

11.2.1.10

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 7

SPRE GMin3OR}; - designates the Pass 1 shadow price for the minimum
thirty-minute operating reserve constraint for region r € ORREG in
interval 7,

SPRE G'MaXloR}; - designates the Pass 1 shadow price for the maximum
ten-minute operating reserve constraint for region r€ ORREG in interval 7

SPRE GMaXBOR}; - designates the Pass 1 shadow price for the maximum
thirty-minute operating reserve constraint for region r € ORREG in
interval £

11.3 Locational Marginal Prices for Energy

11.3.1 Energy Locational Marginal Prices for Delivery Points

11.3.1.1

11.3.1.2
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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 LME}b designates the Pass 1 interval 7 locational marginal
price for energy;

11.3.1.1.2 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.

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:
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11.3.1.3

11.3.1.4

11.3.1.5

11.3.1.6
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InitLMP}, = InitPRef;' + InitPLoss}, + InitPCongy},
where:

InitPRef;* = SPL};

InitPLoss}, = MglLoss;, - SPL};

and

InitPCong}, = Z PreConSF; ;) - SPNormT;;
fEF;

+ Z Z SFi,C,f,b 'SPEmTSC_f.

CEC f€F;,

If the initial locational marginal price for energy at the reference bus
(InitPRef?) is not within the settlement bounds

(EngyPrcFlir, EngyPrcCeil), then the real-time calculation engine shall
modify the locational marginal price for energy at the reference bus as
follows:

If InitPRef;* > EngyPrcCeil , set PRef! = EngyPrcCeil
If InitPRef < EngyPrcFlr, set PRef* = EngyPrcFlr
Otherwise, set PRef;! = InitPRef}

If the initial locational marginal price for energy (lnitLME;Ib) 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 InitLMP},, > EngyPrcCeil, set LMP}, = EngyPrcCeil.
If InitLMP},, < EngyPrcFlr, set LMP}, = EngyPrcFlr.
Otherwise, set LMPil,bZInitLMPil,b

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

If PRef # InitPRef}!, set PLoss}, = MglLoss; - PRef}!
Otherwise, set PLoss;, = InitPLoss},

The real-time calculation engine shall modify the congestion component
as follows:
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If LMP}, — PRef;' — PLoss}, and InitPCong}, have the same
mathematical sign, then set PCong},= LMP};, — PRef;' — PLoss},

Otherwise, set PCong}, = 0 and set PLoss;}, = LMP}, — PRef"
11.3.2 Energy Locational Marginal Prices for Intertie Metering Points

11.3.2.1  The real-time calculation engine shall calculate a locational marginal
price and components for energy for Pass 1 and each interval 7€ / for
intertie zone bus d € D, where:

11.3.2.1.1 ExtLM}ff,D 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 IC'E;Id designates the Pass 1 interval 7intertie congestion
price;

11.3.2.1.3 ICEZD designates the intertie congestion price for the

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

11.3.2.1.4 lntLME;Id designates the Pass 1 interval 7 intertie border
price for energy;

11.3.2.1.5 ExtLMPY, designates the Pass 1 interval 7 locational
marginal price for energy;

11.3.2.1.6 PEXfCOHg};Zd designates the Pass 1 interval 7 external
congestion component for the intertie congestion price;

11.3.2.1.7 PEXl‘C'ong;é7 D 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[ntCongfd designates the Pass 1 interval 7internal
congestion component for energy;

11.3.2.1.9 PLOSSI;Id designates the Pass 1 interval 7loss component;

11.3.2.1.10  PNISL! ; designates the Pass 1 interval 7net interchange

scheduling limit congestion component for the intertie
congestion price;
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11.3.2.2

11.3.2.3
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11.3.2.1.11 PN[‘S'L%7 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

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:

InitIntLMP},; = 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 f€F;,

If there is import congestion in pre-dispatch such that [CQ’;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:

InitExtLMP}; = min(InitintLMP},, ExtLMPF?);

InitICP}, = InitExtLMP}, — InitIntLMP},;
where:

If InitExtLMP},; = InitIntLMP},, then InitICP}; = 0 and
InitPNISL;; = 0;

and

If InitExtLMP}; = ExtLMPF2, then InitICP}; and InitPNISL}
shall be prorated based on their pre-dispatch magnitudes so that
their sum equals the effective real-time intertie congestion price.
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11.3.2.4

11.3.2.5

11.3.2.6
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If there is export congestion in pre-dispatch such that IC}}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 7 € /as follows:

InitExtLMP}; = InitIntLMP}; + InitICP},

where:

InitICP}; = InitPExtCong}, + InitPNISL;;

InitPExtCongil'd = PExtCongfg;
and

InitPNISL;, = PNISL}.

If there is no intertie congestion in pre-dispatch such that ICPI-jD P =0oran
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 7 € /as follows:

InitExtLMP}; = InitIntLMP;; + InitICP},

where

InitICP}; = InitPExtCong}, + InitPNISL;, = 0

InitPExtCong}, = PExtCong(g;
and

InitPNISL;; = PNISL}Y.

If the intertie border price for energy (lnitlntLMPI;{,) 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 InitLMH}b =

InitintLMP.y;,
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11.3.2.7

11.3.2.8

11.3.2.9
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11.3.2.6.3 The initial loss component (InitPLossl%d) shall be modified
as per section 11.3.1.5; and

11.3.2.6.4 The initial internal congestion component (lnitP[ntCong}; 4
shall be modified as per section 11.3.1.6, where
InitPC ong}; p = InitPIntC ongf d

If the initial locational marginal price for energy (lnitEXtLM}}{,) 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}; > EngyPrcCeil, set ExtLMP}; =
EngyPrcCeil.

If InitExtLMP}; < EngyPrcFlr, set ExtLMP}; =
EngyPrcFlr.

Otherwise, set ExXtLMP}; = InitExtLMP},;.

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 (lntLME}d), 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 ExXtXLMP}; = IntLMP},, set PExtCong}, = 0 and
PNISL;, = 0.

If the modified locational marginal price for energy (EXtLME;ld)
determined in section 11.3.2.7 is not equal to the intertie border price for
energy (lntLME}d), 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

PNISL,; = (ExtLMP}, — IntLMPL,) -

InitPNISL] 4
InitPNISL] ;+InitPExtCong, )"

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

Set PExtCongl, = ExtLMP}, — IntLMP}, — PNISL! ,

11.3.2.10 The real-time calculation engine shall calculate the intertie congestion

11.3.2.11

price as follows:
ICP}; = PExtCong}y + PNISL;,.

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

1133 Zonal Prices for Energy

11.3.3.1

11.3.3.2
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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},,

i,m 1,m

where:

VZonalPLoss},, = z WEYIRL - PLoss},

i,m,

beLVIRT

and

VZonalPCong},, = Z WEYIRL - pCongl,

i,m,b
VIRT
bELy

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:
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ZonalP}, = PRef! + ZonalPLoss}, + ZonalPCong},

where:

ZonaIPLossEy = z WFJ,\;% . PLOSSE:b

NDL
bELy

and|

ZonaiPCongﬁy = z WF;:!,\;% - PCongj,

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.

1134 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:

11.3.4.1.1 C TMg]LOSSI%k designates the marginal loss factor for the

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

11.34.1.2 ST Mg][,ossf;7  designates the marginal loss factor for the

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

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

11.34.1.4 STPreConSF; s designates the pre-contingency sensitivity
factor for the steam turbine resource identified by pseudo-
unit kon facility fduring interval 7under pre-contingency
conditions;

11.3.4.1.5 CTSF; . ri designates the post-contingency sensitivity factor
for the combustion turbine resource identified by pseudo-
unit kon facility fduring interval junder post-contigency
conditions for contingency ¢, and

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

InitLMP}, = InitPRef;* + InitPLoss}, + InitPCong},
where:
InitPRef! = SPL};
InitPLoss}, = MglLoss}, - SPL;
and

InitPCongik = Z PreConSF; s . -SPNormTl-Jlf
JEFy

+Z z SF;cfp - SPEMT], (|
CEC fEF;,

11.3.4.3 If pseudo-unit k€ {1,.,K} is scheduled within its minimum loading point
range or not scheduled at all, its marginal loss and sensitivity factors shall
be:

MglLoss}, = CTShareMLP, - CTMglLoss}, + STShareMLP,
- STMglLoss},

PreConSF;
= CTShareMLPy - CTPreConSF; s
+ STShareMLPy - STPreConSF; s

SFi,C,f,k = CTShaTeMLPk . CTSFi,C,f,k + STShaT'eMLPk ' STSFi,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}; = CTShareDRy - CTMglLoss}, + STShareDR,
- STMglLoss},

PreConSF; s
= CTShareDR) - CTPreConSF; s
+ STShareDRy - STPreConSF; ¢
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11.3.4.5

SFicrx = CTShareDRy - CTSF; ;) + STShareDR,

" STSFL',C,f,k

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

MglLoss}, = STMglLoss}

PreConSF,; ¢, = STPreConSF; s

SFi,C,f,k - STSFi,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
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The real-time calculation engine shall calculate locational marginal prices
and components for operating reserve for Pass 1 and each interval 7 for a
delivery point associated with the dispatchable generation resource or
dispatchable load bus b € B, where:

11.4.1.1.1

11.4.1.1.2

11.4.1.1.3

11.4.1.1.4

11.4.1.1.5

11.4.1.1.6

11.4.1.1.7

1,3’01’?19,;117 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;

PS’ORCongIJ-, ;, designates the Pass 1 interval 7 congestion
component for thirty-minute operating reserve;

L1 ONP,;II7 designates the Pass 1 interval 7 locational

marginal price for non-synchronized ten-minute operating
reserve,

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

P10NCong}, designates the Pass 1 interval / congestion

component for non-synchronized ten-minute operating
reserve;

L10SP}, designates the Pass 1 interval i locational

marginal price for synchronized ten-minute operating
reserve,
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11.4.1.2
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11.4.1.1.8 P10SRef! designates the Pass 1 interval i locational
marginal price for synchronized ten-minute operating
reserve at the reference bus;

11.4.1.1.9 P1 OSCongf ;, 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 4.

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:

InitLSORP}'b = InitP30RRef;' + InitPSORCongib
where:
InitP30RRef;' = SP30R}
and

InitP30RCong} ),

= Z SPREGMin30R},
TEORREG)

+ Z SPREGMax30R},
TEORREG)

InitL10NP}, = InitP10NRef;! + InitP10NCong},

where:

InitP10NRef;! = SP10R} + SP30R}

and

InitP10NCong},
= Z (SPREGMin10R?},
TEORREG)
+ SPREGMin30R},)
+ z (SPREGMax10R},
TEORREG),

+ SPREGMax30R},)

Public IMO_FORM_1087v13.00
REV-21-06



11.4.1.3

11.4.1.4
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InitLlosPﬂb = Im’tPlO.‘;?Reﬁ-1 + InitPloSCong;b
where:

InitP10SRef! = SP10S} + SP10R} + SP30R}

and
InitP10SCong},
= Z (SPREGMin10R},
rEORREG),
+ SPREGMin30R},)

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

If the initial locational marginal price at the reference bus (InitP30RRef},
InitP10NRef! or InitP10SRef!,) is not within the settlement bounds
(ORPrcFlr, ORPrcCelil), then the real-time calculation engine shall modify
the locational marginal price at the reference bus for each class of
operating reserve as follows:

If InitP30RRef;* > ORPrcCeil, set P30RRef! = ORPrcCeil,
If InitP30RRef! < ORPrcFlr, set P30RRef! = ORPrcFlr;
Otherwise, set P30RRef;t = InitP30RRef}.
If InitP10NRef;* > ORPrcCeil, set PIONRef! = ORPrcCeil
If InitP10NRef! < ORPrcFlr, set PIONRef;' = ORPrcFlr
Otherwise, set PIONRef;' = InitP10NRef?

If InitP10SRef;!, ORPrcFlr > ORPrcCeil , set P10SRef =
ORPrcCeil

If InitP10SRef;', ORPrcFlr < ORPrcFlr, set P10SRef! =
ORPrcFlr

Otherwise, set P10SRef;' = InitP10SRef

If the initial locational marginal price (InitL.S’ORPI;Ib,
Initl1 ONE;] ,or [nitl1 05}3;11,) 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:
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11.4.1.5

If InitL30RP};, > ORPrcCeil, set L30RP};, = ORPrcCeil,

If InitL30RP}, < ORPrcFlr, set L30RP}, = ORPrcFlr,

Otherwise, set L30RP}, = InitL30RP},.

If InitL10NP},, > ORPrcCeil, set LIONP}, = ORPrcCeil;

If InitL10NP}, < ORPrcFlr, set LIONP}, = ORPrcFlr;

Otherwise, set LIONP}, = InitL10NP},.

If InitL10SP}, > ORPrcCeil, set L10SP}, = ORPrcCeil;

If InitL10SP}, < ORPrcFlr,set L10SP}, = ORPrcFlr;

Otherwise, set L10SP}, = InitL10SP},.

If the initial locational marginal price (1111'1‘L30RP1;1 ,
InitL10 NBY, or [nitL10SPY) is not within the settlement bounds

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

follows:

Set P30RCong}, = L30RP}, — P30RRef};

Set P1ONCong}, = L10NP}, — P10NRef;'; and

Set P10SCong;, = L10SP}, — P10SRef.

11.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

11.4.2.1
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The real-time calculation engine shall calculate locational marginal prices
and components for operating reserve for Pass 1 and each interval 7/ € /,
for intertie zone bus d € D, where:

11.4.2.1.1

11.4.2.1.2

11.42.1.3

EXtL30RP,;1d designates the Pass 1 interval 7 locational
marginal price for thirty-minute operating reserve;

EXtL.S’OREZD 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;

P30RExtCong}; designates the Pass 1 interval 7 congestion
component for thirty-minute operating reserve;
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11.4.2.2
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11.4.2.1.4

11.4.2.1.5

11.4.2.1.6

11.42.1.7

11.4.2.1.8

11.4.2.1.9

11.4.2.1.10

11.4.2.1.11

11.4.2.1.12

P30REXtCongf 2 designates the intertie congestion intertie
component for thirty-minute operating reserve for the
dispatch hour in which interval 7 falls as calculated by the
pre-dispatch calculation engine;

ExtL1 ONPI;Id designates the Pass 1 interval 7 locational
marginal price for non-synchronized ten-minute operating
reserve,

ExtL1 ON}}ZD 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;

P30RIntCong I{d designates the Pass 1 interval 7internal
congestion component for thirty-minute operating reserve;

P10ONRef! designates the Pass 1 interval 7 locational
marginal price for non-synchronized ten-minute operating
reserve at the reference bus;

P1 ONIHtCongfd designates the Pass 1 interval 7internal
congestion component for non-synchronized ten-minute
operating reserve;

P1 ONEXtCongfd designates the Pass 1 interval 7intertie
congestion component for non-synchronized ten-minute
operating reserve; and

P1 0NEXtCongf 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.

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 € Din interval 1 € [, for each class of
operating reserve, subject to section 11.4.2.8, as follows:
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InitlntLBORPSd = InitPSORRefil + InitPBORIntCongﬁd
where:

InitP30RRef;' = SP30R}

and
InitP30RIntCong} 4
= Z SPREGMin30R;,
TEORREG 4
+ z SPREGMax30R},
TEORREG4

InitintL10 NBly, = InitP10 NRef} + InitP10 NintCong, ,
where:
InitP10ONRef} =SP10R}+SP30 R}
and
InitP10NIntCong; 4
= Z (SPREGMin10R},

TEORREGy
+ SPREGMin30R},)

+ z (SPREGMax10R},
TEORREGq
+ SPREGMax30R},)

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€ [ for each class of operating reserve as follows:

11.4.2.3.1 If the intertie is import congested in pre-dispatch
(P30 RExtCong < 0 or PLONExtCongly < 0), then the

prices and components are determined in accordance with
section 11.4.2.4;

11.42.3.2 If the intertie is not import congestion in pre-dispatch
(P30RExtCongly > 0 or PLONExtCongli > 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
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congestion price for each class of operating reserve for Pass 1 at intertie
zone bus d € Din interval 7 € /as follows:

InitExtL30RP}; = min(InitintL30RP},, ExtL30RP]?);
and
InitP30RExtCong}, = InitExtL30RP}; — InitIntL30RP},.
InitExtL10NP}; = min(InitIntL10NP};, ExtL1ONP{?);
and
InitP10NExtCongy = InitExtL10NP}; — InitIntL10NP},.

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 € Din interval 7€ /as follows:

InitExtL30RP}; = InitintL30RP};;
and

InitP30RExtCong}y = 0.
InitExtL10NP};, = InitIntL10NP};
and

InitP10NExtCong}, = 0.

11.4.2.6  If the initial locational marginal price (1111'tEXl‘L30RE;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:

IntL30R = InitP30RRef;' + InitP30RIntCong},
If InitP30RRef;' > ORPrcCeil , set P30RRef! = ORPrcCeil;
If InitP30RRef;' < ORPrcFlr, set P30RRef* = ORPrcFlr;
Otherwise, set P30RRef = InitP30RRef;
Set P30RIntCong}, = ExtL30RP}, — P30RRef};

If InitExtL30RP};, > ORPrcCeil , set ExtL30RP}, = ORPrcCeil;
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If InitExtL30RP},, < ORPrcFlr,set ExtL30RP}, = ORPrcFlr;
Otherwise, ExtL30RP};, = InitExtL30RP},; and
Set P30RExtCong;, = ExtL30RP}, — P30RRef;' — P30RIntCong},

11.4.2.7 If the initial locational marginal price (InitExtL1 ONE;Id) is not within the

settlement bounds (ORPrcFIr, ORPrcCeil), then the real-time calculation
engine shall modify the locational marginal price, the locational marginal
price at the reference bus, and the congestion components for ten-minute
operating reserve as follows:

IntL10N = InitP10NRef;* + InitP10NIntCong},
If InitP10NRef* > ORPrcCeil , set PIONRef! = ORPrcCeil,
If InitP10NRef' < ORPrcFlr, set PIONRef;! = ORPrcFlr;
Otherwise, P1ONRef;' = InitP10NRef; and
Set P1ONIntCong}, = L10NP}, — P1ONRef}
If InitExtL10NP;, > ORPrcCeil , set ExtL10NP}, = ORPrcCeil;
If InitExtL10NP;;, < ORPrcFlr,set ExtL10NP}, = ORPrcFlr;
Otherwise, ExtL30RP};, = InitExtL10NP},; and
Set PIONExtCong}, = ExtL10NP}, — P10NRef;' — P10NIntCong;,

11.4.2.8 The locational marginal price calculated by the real-time calculation
engine shall be the same for all boundary entity resource buses at the same
intertie zone. Reserve imports associated with the same boundary entity
resource bus, but specified as ocurring at a different intertie zone, subject
to phase shifter operation, shall be modelled as flowing across
independent paths. Pricing of these reserve imports shall utilize shadow
prices associated with intertie limits and regional minimum and maximum
operating reserve requirements applicable to the path associated to the
relevant 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
IESO 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,
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11.5.1.2

11.5.1.3

Determine the priority rating for each connection path identified based on
a weighted sum of the base voltage over all open switches used by the
reconnection path and the MW ratings of the newly connected branches;
and

Select the reconnection path with the highest priority rating, breaking ties
arbitrarily.

11.5.2 For all (i) resources other than those specified in section 11.5.1 not connected to the
main island; (11) non-quick start resources where a price was not able to be
determined in accordance with section 11.5.1; the real-time calculation engine shall
use the following logic in the order set out below to calculate locational marginal
prices for energy, using a node-level and facility-level substitution list determined by

the IESO:

11.5.2.1

11.5.2.2

11523

11.5.2.4

11.5.2.5
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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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