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Market Rule Amendment Proposal Form

Part 1 - Market Rule Information

Identification No.:

MR-00454-R03

Subject:

Market Renewal Program — Market and System Operations

Title:

Market Renewal Program — Market and System Operations:
Economic Operating Point

Nature of Proposal:

[ ] Alteration [ | Deletion [X] Addition

Chapter: Chapter 7
Appendix: Appendix 7.8 (New)
Sections:

Sub-sections
proposed for
amending:

Current Market Rules
Baseline:

Part 2 - Proposal History

Version | Reason for Issuing Version Date
1.0 Draft for Stakeholder Review July 14, 2023
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Approved Amendment Publication Date:

Approved Amendment Effective Date:

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

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

e Alternative solutions considered.

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

Summary
Background
Discussion
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Part 4 - Proposed Amendment

Note: The proposed amendments to Appendix 7.8 — Economic Operating Point,
while not shown as (redlined) changes to existing market rules, represent entirely
new sections in the market rules.

Appendix 7.8 — Economic Operating Point

1. Introduction
1.1 Purpose

1.1.1 This appendix describes the processes used to determine the economic operating
points for lost cost in the day-ahead market and real-time market, and for lost
opportunity in the real-time market.

2. Day-Ahead Market Lost Cost Economic
Operating Point
2.1 Purpose

2.1.1 This section describes the process used to determine the lost cost economic
operating point for eligible resources in the day-ahead market (DAM LC EOP).

2.2 Sets, Indices and Parameters used in the DAM LC EOP
Calculation

Fundamental Sets and Indices

2.2.1 A designates the set of all /intertie zones;

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

2.2.3 BP¢c B designates the set of buses identifying dispatchable generation
resources,

2.2.4 BPLc B designates the set of buses identifying dispatchable loads,
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2.2.5 BHPEC BP¢ designates the subset of buses identifying dispatchable hydroelectric
generation resources,

2.2.6 B c B designates the subset of buses identifying dispatchable hydroelectric
generation resources in set s € SHE;

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

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

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

2.2.10 DI, c D, designates the subset of /ntertie zone buses identifying boundary entity
resources that correspond to import offersin intertie zone a € A;

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

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

2.2.13 /i ,, designates the set of bid laminations for energy at bus b € BPL u DX for hour
he{l,..,24}

2.2.14 /},}‘}f designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € BPL for hour A € {1,..,24};

2.2.15 /3% designates the set of offerlaminations for non-synchronized ten-minute
operating reserve at bus b € BPL u DX for hour A€ {1,..,24};

2.2.16 ,,l‘},R designates the set of offer laminations for thirty-minute operating reserve at
b € BPL u DX for hour h € {1,..,24};

2.2.17 K¢, designates the set of offer laminations for energy at bus b€ Bu DI for hour
he{1,..,24};

2.2.18 /(,1701,5 designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € BP¢ u DI for hour h € {1, ..,24};
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2.2.19

2.2.20

2.2.21

2.2.22

2.2.23

K33 designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € B¢ u DI for hour h € {1, ..,24};

59 designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B¢ u DI for hour h € {1,..,24};

#(BHE) designates the set of all subsets of the set BYE;

BiY € (B ) designates the set of buses identifying all upstream dispatchable
hydroelectric generation resources with a linked forebay;

BHE ¢ (BMF) designates the set of buses identifying all downstream
dispatchable hydroelectric generation resources with a linked forebay;

Market Participant Data Parameters

2.2.24 With respect to all resources:
2.2.24.1 Deratey; designates the maximum amount of energy and operating
reserve that can be scheduled for a resourcein a dispatch hour
hed{l, .., 24}.
2.2.25 With respect to a dispatchable generation resource identified by bus b€ BP¢:;
2.2.25.1 MinQDG, designates the minimum loading point,
2.2.25.2  ORRDG, designates the maximum operating reserve ramp rate in MW
per minute;
2.2.25.3 PDGy designates the price for the maximum incremental quantity of
energy for hour h € {1,..,24} in association with offer lamination
k € KE,b;
2.2.25.4 P10SDGyy designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve for hour h €
{1,..,24} in association with offer lamination k € Kﬁ?bs;
2.2.25.5 P1ONDG},;, designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve for hour
h € {1,..,24} in association with offer lamination k € K} % ;
2.2.25.6  P30RDG,,;; designates the price for the maximum incremental
quantity of thirty-minute operating reserve for hour h € {1, ..,24} in
association with offer lamination k € Kﬁﬂ?;
Page 5 of 67 Public IMO_FORM_1087v12.10

REV-21-06



2.2.25.7 QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled for hour h €
{1,..,24} in association with offerlamination k € KE,b;

2.2.25.8 Q105DG},, designates the maximum incremental quantity of
synchronized ten-minute operating reserve for hour h € {1, ..,24}in

association with offer lamination k € Kpb;

2.2.25.9 Q10NDG},;, designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve for hour h € {1,..,24}in

association with offer lamination k € Kﬁ%\' ;

2.2.25.10 @30RDG}, ;. designates the maximum incremental quantity of thirty-
minute operating reserve for hour h € {1,..,24} in association with

offer lamination k € Kﬁ?bR;

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

2.2.25.12 RLP30R;, designates the reserve loading point for thirty-minute
operating reserve for hour h € {1,..,24}; and

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

2.2.26 With respect to a dispatchable hydroelectric generation resource identified by
bus b€ BYE

2.2.26.1 ForL,;, ForU,; shall designate the lower and upper limits,
respectively, of the resource’s forbidden regions indicating that the
resource cannot be scheduled between ForLb,iand ForU,; for all i €

{L T NForb};

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

2.2.26.3 MaxDEL, designates the maximum daily energy limitfor a single
resource with or without a /inked forebay;

2.2.26.4 MinDFEL, designates the minimum daily energy limit for a single

resource with or without a /inked forebay;
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2.2.26.5 MinHMR, , designates the Aourly must-run quantity for the resource
for hour A € {1,..,24};

2.2.26.6  MinHO,, designates the minimum hourly output quantity for the
resource for hour A€ {1,..,24}; and

2.2.26.7  StartMWj,; for i€{1, .., NStartMW,} designates the start indication
value for measuring maximum number of starts per day;,

2.2.27 With respect to dispatchable hydroelectric generation resources with a linked
forebay:.
2.2.27.1 MaxSDEL, designates the maximum daily energy limit shared by all
dispatchable hydroelectric generation resources in set s € SHE; and
2.2.27.2 MinSDEL, designates the minimum aaily energy limit shared by all
dispatchable hydroelectric generation resources in set s € SHE;,
2.2.28 With respect to a dispatchable hydroelectric generation resource for which a
MWh ratio was respected:
2.2.28.1 LNK< Bl x Bl designates the set of linked dispatchable
hydroelectric generation resources, where LNK is a set with elements
of the form (by, b,) and b; € B and b, € Bf};
2.2.29 With respect to a pseudo-unit identified by bus b€ B>V
2.2.29.1 (TShareMLP, designates the combustion turbine share of the
minimum loading point region;
2.2.29.2 CTShareDR, designates the combustion turbine share of the
dispatchable region;
2.2.29.3  STShareMLP, designates the steam turbine share of the minimum
loading point region; and
2.2.29.4 STShareDR,, designates the steam turbine share of the dispatchable
region;
2.2.30 With respect to a dispatchable load identified by bus b€ B~
2.2.30.1 PDLy; designates the price for the maximum incremental quantity
of energy for hour A € {1,..,24} in association with b/id lamination j €
]E,b;
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2.2.30.2

2.2.30.3

2.2.30.4

2.2.30.5

2.2.30.6

2.2.30.7

2.2.30.8

2.2.30.9

P10SDLy, ; designates the price for the maximum incremental

quantity of synchronized ten-minute operating reserve for hour h €
{1,..,24} in association with offerlamination j € J1%°;

P10NDL, ; designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve for hour
h € {1,..,24} in association with offer lamination j € J15";

P30RDLy, ; designates the price for the maximum incremental
quantity of thirty-minute operating reserve for hour h € {1,..,24} in
association with offer lamination j € J3%%;

QDLy ;, shall designate the maximum b/id quantity for energy at b €
BPL for hour A € {1,..,24} in association with b/d lamination j € ng;

QDLFIRM, ;, designates the quantity of energy that is bid at the
maximum market clearing price at b € B for hour A€ {1,..,2};

Q10SDLy, , designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled for
hour 4 € {1,..,24} in association with offer lamination j € J},f’bs;

Q10NDLy , designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled for
hour 4 € {1, ..,24} in association with offer lamination j € /,?N; and
Q30RDLy ;, designates the maximum incremental quantity of ¢hirty-
minute operating reserve that may be scheduled for hour 4 €
{1,..,24} in association with offerlamination j € J,?,f’f;

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

point.

2.2.31.1

2.2.31.2
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PIGy, 4 designates the price for the maximum incremental quantity of
energy that may be scheduled to import in hour h € {1,..,24}in
association with offer lamination k € Ky, ;

P10NIGy 4 designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve for hour
h € {1, ..,24} in association with offer lamination k € K, %";
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2.2.32
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2.2.31.3

2.2.31.4

2.2.31.5

2.2.31.6

P30RIGp, 4 designates the price for the maximum incremental

quantity of thirty-minute operating reserve for hour h € {1,..,24} in
association with offer lamination k € K3%;

QIGy 4 designates the maximum incremental quantity of energy for
hour h € {1, ..,24} that may be scheduled in association with offer
lamination k € K} ;;

Q10NIGp, 4 designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled for
hour h € {1,..,24} in association with offer lamination k € K,%";

Q30RIGp, 4 designates the maximum incremental quantity of tAirty-
minute operating reserve that may be scheduled for hour h €
{1,..,24} in association with offer lamination k € K39F;

With respect to a boundary entity resource export at intertie zone bus de DX,
where the /ocational marginal price represents the price at the intertie metering

point;

2.2.32.1

2.2.32.2

2.2.32.3

2.2.32.4

2.2.32.5

2.2.32.6

PXLy, q,; designates the price for the maximum incremental quantity of

energy that may be scheduled to export in hour 4 € {1,..,24} in
association with bid lamination j € J£ ;;

P10NXLy, 4 ; designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in hour
he{1,..,24} in association with offer lamination j € J;%";

P30RXLy 4 ; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in hour h € {1,..,24} in
association with offer lamination j € J3%%;

QXLy, 4,; designates the maximum quantity of energy for hour A €
{1,..,24} may be scheduled in association with bidlamination j € J£ ;;

Q10NXLy 4 ; designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled for
hour 4 € {1,..,24} in association with offer lamination j € J2%;

Q30RXLp, 4 ; designates the maximum incremental quantity of hirty-

minute operating reserve that may be scheduled for hour 4 €
{1,..,24} in association with offer lamination j € J3°%;
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IESO Data Parameters

2.2.33

2.2.34

2.2.35

2.2.36

2.2.37

2.2.38

2.2.39

2.2.40

2.2.41

2.2.42

2.2.43

ASDG, , designates the amount of energy that a dispatchable generation
resource is scheduled to provide by the day-ahead market calculation engine at
bus b for hour A€ {1,..,24};

COMCYCMW, , designates the MWh constraint placed onto a resource that is not
modelled as a pseudo unit at bus b for hour A€ {1, .., 24} to reflect that
resource’s energy capability in combined cycle mode;

ExtLMi}fd designates the /ocational marginal price for energy for hour

he{l,..,24} as determined by Pass 3 of the day-ahead market calculation
engine for intertie zone bus d € D;

ExtLlON}}fd designates the /ocational marginal price for non-synchronized ten-

minute operating reserve for the dispatch hour he {1, .., 24} as calculated by
Pass 3 of the day-ahead market calculation engine for intertie zone bus d € b,

ExtLBORBf 4 designates the /ocational marginal price for thirty-minute operating
reserve for the dispatch hour he {1, .., 24} as calculated by Pass 3 of the day-
ahead market calculation engine for intertie zone bus d € D;

FGy,), designates the JESO s centralized variable generation forecast for a variable
generation resource identified by bus b€ B¢ for hour A€ {1,.,24};

GridConnectedy , designates whether the resourceis connected to the /ESO-
controlled grid at bus b for hour A€ {1,..,24};

THEy, 5, i, designates whether the dispatchable hydroelectric generation resource
at bus b € B registered a start between hours (h — 1) and A€ {1,..,24} as a
result of its schedule increasing from below StartMW,,; to at or above StartMW,,
for ie {1, .. NStartMW,};

LMP,I% , designates the /ocational marginal price for energy for hour A€ {1,.., 24}
as determined by Pass 3 of the day-ahead market calculation engine;

Llosﬂfb designates the /ocational marginal price for synchronized ten-minute

operating reserve for hour h€ {1,.., 24} as determined by Pass 3 of the day-
ahead market calculation engine,

L10Nf;fb designates the /ocational marginal price for non-synchronized ten-
minute operating reserve for hour he {1, .., 24} as determined by Pass 3 of
the day-ahead market calculation engine;
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2.2.44

2.2.45

2.2.46

2.2.47

LBOREf , designates the /ocational marginal price for thirty-minute operating
reservefor hour h € {1, . ., 24} as determined by Pass 3 of the day-ahead
market calculation engine;

REGULATIONMW,, , designates the MWh constraint placed onto a resource at
bus b for hour h € {1,..,24} for regulation;,

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

SEALMW, , designates the MWh constraint placed onto a resource at bus b for
hour A€ {1,.., 24} for actions taken to ensure the safety of any person, prevent
the damage of equipment, or prevent the violation of any applicable law;

Constraint Violation Variables

2.2.48

2.2.49

2.2.50

2.2.51

2.2.52

2.2.53

SLdVioly,; designates the violation variable associated with segment
i € {1,..,Nyayio,} Of the penalty curve for the energy balance constraint allowing
under-generation;

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

S10SVioly,; designates the violation variable associated with segment
i € {1,..,Mosvie,} Of the penalty curve for the synchronized ten-minute
operating reserve requirement;

S10RVioly; designates the violation variable associated with segment
i € {1,..,Nogvio,} Of the penalty curve for the total ten-minute operating
reserve requirement;

S30RVioly; designates the violation variable associated with segment
i € {1,.., N3oryio,} OF the penalty curve for the thirty-minute operating reserve
requirement and, when applicable, the flexibility operating reserve requirement;

SREG10RViol, , ; designates the violation variable associated with segment
i € {1,.., Nreciorvios,} Of the penalty curve for violating the area total ten-minute
operating reserve minimum requirement in region r € ORREG;,
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2.2.54

2.2.55

2.2.56

2.2.57

2.2.58

2.2.59

2.2.60

2.2.61

2.2.62

2.2.63

2.2.64

SREG30RViol, , ; designates the violation variable associated with segment
1 € {1,.., Nrecsorvior,} Of the penalty curve for violating the area thirty-minute
operating reserve minimum requirement in region r € ORREG;,

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

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

SPrelTLViolg;, ; designates the violation variable associated with segment
1 € {1,.., Nprerriviol,} OF the penalty curve for violating the pre-contingency
transmission limit for facility fe F;

SITLViol, ¢, ; designates the violation variable associated with segment
i € {1,.., NirLvio,,,} Of the penalty curve for violating the post-contingency
transmission limit for facility fe F and contingency ce C;

SPreXTLViol,, ; designates the violation variable associated with segment
i € {1,.., Nprexrrvior,,} Of the penalty curve for violating the import/export limit
associated with /ntertie limit constraint ze Z,;

SNIUViol, ; designates the violation variable associated with segment
i € {1,.., Nyuriol,} Of the penalty curve for exceeding the net interchange
increase limit between hours (h — 1) and h;

SNIDViol, ; designates the violation variable associated with segment
i € {1,.., Nyprio,} Of the penalty curve for exceeding the net interchange
decrease limit between hours (h — 1) and h;

SMaxDelViol, , ; designates the violation variable associated with segment
1 € {1,.., Nyaxpemiol,} Of the penalty curve for exceeding the maximum daily
energy limit constraint for a resource at bus b€ BPLR;

SMinDelVioly ,; designates the violation variable associated with segment
i € {1,.., Nyinpevior,} Of the penalty curve for violating the minimum daily energy
limit constraint for a resource at bus b€ BE;

SSMaxDelVioly, . ; designates the violation variable associated with segment
i € {1,.., Noyaxpemios,} Of the penalty curve for exceeding the shared maximum
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2.2.65

2.2.66

2.2.67

2.3
2.3.1

daily energy limit constraint for dispatchable hydroelectric generation resources
in set s € SHE;

SSMinDelViol, ;; designates the violation variable associated with segment
i € {1,.., Noympemios,} Of the penalty curve for violating the shared minimum

daily energy limit constraint for dispatchable hydroelectric generation resources
in set s € SHE;

SOGenLnkViolyyp, 5, designates the violation variable associated with segment
i € {1,.., NogenLnkvios,} OF the penalty curve for violating the /inked forebay
constraint for dispatchable hydroelectric generation resources by over-generating
the downstream resource, for (by,b,) € LNK such that b, € Bjx and b, € BHE: and

SUGenLnkViolyp, 5,),; designates the violation variable associated with segment
i € {1,.., NygenLnkvior,} OF the penalty curve for violating the /inked forebay

constraint for dispatchable hydroelectric generation resources by under-
generating the downstream resource, for (by,b,) € LNK such that b, € B} and

b, € BE,

Objective Functions

The objective functions for the DAM LC EOP calculation shall solve for the
following variables:

2.3.1.1 ESDG} 1, Which designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B°° for hour
he{1,..,24} in association with offer lamination k € k‘,f/b;

2.3.1.2  ES105DGy,,, Which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B°° for hour A € {1,..,24}in
association with offerlamination k € K},f’f;

2.3.1.3 ES10NDG},,,, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B°° for hour 4 € {1,..,24} in
association with offer lamination € Kj,7;

2.3.1.4  ES30RDG,, Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
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2.3.1.5

2.3.1.6

2.3.1.7

2.3.1.8

2.3.1.9

2.3.1.10

2.3.1.11

2.3.1.12

2.3.1.13

Page 14 of 67

provide at bus » € B°° for hour 4 € {1,..,24} in association with offer
lamination & € /(i%?;

ESIGh 4 Which designates the amount of energy that a boundary
entity resource is scheduled to import from intertie zone bus d € DI
for hour 4 € {1,..,24} in association with offer lamination k € K/ ;;

ES10NIGy 4 Which designates the amount of non-synchronized ten-
minute operating reserve that an import boundary entity resource is
scheduled to provide from intertie zone bus d € DI for hour h €
{1,..,24} in association with offer lamination k € K 4;

ES30RIG, 4 Which designates the amount of thirty-minute operating
reserve that an import boundary entity resource is scheduled to
provide at bus d € DI for hour 4 € {1,..,24} in association with offer
lamination k € Kp; ;

ESDL,,;, which designates the amount of energy that a dispatchable

loadis scheduled to consume at bus b € B for hour 4 € {1,..,24}in
association with bid lamination j € Jj ;

ES108DLy, 5,5, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus » € B for hour A € {1,..,24} in association with offer
lamination j € J},?[f;

ES10NDLy j, ;, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus » € B for hour A € {1,..,24} in association with offer
lamination j € J},%V;

ES30RDL, ;,;, which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b €
B”* for hour h e {1,..,24} in association with offerlamination j € Jfl%?;

ESXLy 45 Which designates the amount of energy a boundary entity
resource is scheduled to export at intertie zone at bus d € DX for
hour 4 € {1, ..,24} in association with bid lamination k € K/ ;;

ES10NXLy, 4, Which designates the amount of non-synchronized ten-
minute operating reserve that an export boundary entity resource is
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2.3.2

scheduled to provide at /intertie zone bus d € DX for hour A €
{1, ..,24} in association with offer lamination k € K} 4;

2.3.1.14 ES30RXLj 4 Which designates the amount of thirty-minute operating
reserve that an export boundary entity resource is scheduled to
provide at /intertie zonebus d € DX for hour A€ {1,..,24} in
association with offer lamination k € K¢ ;;

For each of the following resource types, the objective function for determining a
DAM LC EOP shall maximize the value of the following expressions:

2.3.2.1  For dispatchable generation resources.

0bjSDG), = Z ESDGp - (LMP},p— PDGp i)

E
kEKE,

0bj10SDG), = Z ES10SDGyp . - (L10SF ), — P10SDGyp )

108
KEKAY

0bj10NDG, ES10NDGyp - (L1ONF;, — PLONDGy 1 1)

10N
keEKS)

Obj30RDG), = z ES30RDGyp - (L30RP; ), — P30RDGy 1)

keKZ9R
2.3.2.2  For dispatchable loads:

ObjSDLy, = Z ESDLpp,j - (PDLppj — LMPgy )

JeIE,

0bj10SDL;, = Z ES10SDLyy, ;- (L10SF;, — P10SDLy ;)

: 108
JE€Inp

0bj10NDL;, = Z ES10NDLyy, j - (L1ONB], — P1ONDL, ;)

€IS

Obj30RDL), = Z ES30RDLyy,j - (L30RB], — P30RDLy ), ;)

JETRY
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2.3.2.3 For import transactions associated with boundary entity resources:

ObjSIG), = Z ESIGpqy - (EXtLMP];— PIGyq )

E
kEKh,d

O0bj10NIG, = Z ES10NIG gy - (ExtLIONF ;— P1ONIG g )

10N
keKEY

Obj30RIG), = Z ES30RIGq - (ExtL30RB] ;— P30RIGq)

KeKRR
2.3.2.4  For export transactions associated with boundary entity resources

ObjSXL), = Z ESXLpaj - (PXLpq; — EX(LMBSy)

JEIE L
Obj10NXL,, = Z ES10NXLpq j - (ExtLIONBZy — PLONXLp g ;)
JEIRYY
Obj30RXL), = z ES30RXLp,q ; - (EXtL30RPB}; — P30RX Ly q ;)
JEIRR

2.4 Constraints

24.1 The constraints described in this section 2.4 shall apply to the objective functions
used for the DAM LC EOP calculation.
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Scheduling Variable Bounds

2.4.2 No DAM LC EOP shall be negative, nor shall any DAM LC EOP exceed the offer or
bid quantity for energy or the offer quantity for operating reserve. Therefore, for
all hours A€ {1,..,24}:

0 < ESDLyy,; < QDLy ), ;

0 < ES10SDLy), ; < Q10SDLy ;
0 < ES1IONDLy, ; < Q1ONDLy
0 < ES30RDLy; < Q30RDLy,,
0 < ESDGy i < QDGhy i

0 < ES10SDGy, 1, < Q10SDGy, 1 1
0 < ES10NDG, . < Q1ONDG), 1
0 < ES30RDGp 1, < Q30RDG
0 < ESXLpg; < QXLpg;

0 < ES10NXLy 4 ; < Q1ONXLy 4
0 < ES30RXLy 4, < Q30RXLy 4
0 < ESIGhax < QIGhax

0 < ES10NIGp g < Q1ONIGpq
0 < ES30RIG, ) < Q30RIG) 4

for all b € BPL,j € JE,;
for all b € BPL, j € J1%;
for all b € BPL,j € JA9V;
for all b € BPL, j € Ji9R;
for all b € B”, k € Kf7y,;
for all b € BPS, k € K%%;
for all b € BP, k € K%V,
for all b € BP¢, k € K%,
forall b € DX,j € JE,;
for all b € DX, j € JLO;
for all b € DX, j € J3OF;
for all b € DI,k € K£ 4;
for all b € DI,k € K%V,

for all b € DI, k € K3%;

2.4.3 For a dispatchable load, its DAM LC EOP for each class of gperating reserve shall
not exceed its DAM LC EOP for energy:-
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ES10SDLyy ; < Z ESDLp

JEIRSS J€Ik b

ES10NDLy),; < Z ESDLyp,

TON feff_h

J€Inp

ES30RDLy),; < Z ESDLp p j

JERY J€lhp
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2.4.4 For a dispatchable generation resource for a dispatch hour h € {1, ..,24}:

For all b € BYG:

AFG if provided
VGForecastyp = { b /' }

FGy otherwise

For all b € BPC:

min( Z QDG , Deratey, p, VGForecasthl,,) if beBYC

keKE,

min( Z QDGhvb,k.Derateh,b) otherwise

E
kekE,

AdjMaxDG), ), =

Z ESDGy . < AdjMaxDGp
kEKE

ES10SDGy ) < AdjMaxDGy,,

108
keK}

ES10NDGy, < AdjMaxDGy,

kekpN

ES30RDG . < AdjMaxDGy,

kek;OR

2.4.5 Subject to section 2.4.6, the DAM LC EOP for a non-quick start resource shall be
greater than or equal to its minimum loading point.

Z ESDGy . = MinQDG,,

keKE,
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2.4.6 For a non-quick start resource that is scheduled below its minimum loading
point, its DAM LC EOP shall be equal to its day-ahead schedule:

If Zkek’f_h ASDGy, p, . < MinQDG, for b € BN?® then:

Z ESDGh,b,k = ASDGhb

kEKE ,E

Constraints for Regulation Requirements

2.4.7 For a dispatchable generation resource, its DAM LC EOP for energy shall be
greater than or equal to any regulation constraint that is applied for hour
h€e{l,..,24} and bus b € BPC:

ESDG ), = REGULATIONMW,,,

E
keKy p,

2.4.8 For a dispatchable generation resource, its DAM LC EOP for energy and each
class of operating reserve shall not exceed the maximum available capacity the
resource has less the regulation constraint that is applied for hour A€ {1, .., 24}
and bus b € BP¢:

ESDGppx < AdjMaxDGy,,, — REGULATIONMW,,,

kEKE,

ES10SDGppx < AdjMaxDGy, , — REGULATIONMW), ;,
keKy

ES10NDGy p < AdjMaxDGyp, — REGULATIONMW,, ,,
keKy5"

ES30RDGpp < AdjMaxDGy , — REGULATIONMW,, ,

30R
KEKY)
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Constraints for Market Participant Requirements

2.4.9 For a dispatchable generation resource, its DAM LC EOP for energy shall be
greater than or equal to any minimum SEALMW,, ;, constraint that is applied for

hour A€ {1,.., 24} and bus b€ BC:

Z ESDGypxc = SEALMW,, ,

kEth

2.4.10 For a dispatchable load, its DAM LC EOP for energy shall be greater than or
equal to any minimum SEALMW,, ,constraint that is applied and for each class of
operating reserve, the DAM LC EOP shall be less than or equal to the DAM LC
EOP for energy for that resource less any minimum SEALMW, , constraint that is

applied for hour h€{1,..,24} and bus b€ BPL:

Z ESDLyyp,; = SEALMW,, ),

jE]}ib
ES10SDLy p . < Z ESDLyy; — SEALMW,,
J'E]ﬁ,%s ]'Ef}ib
ES10NDLy ;< Z ESDLyy; — SEALMW,
J€Iny" J€Inp
ESBORDLh'b,k < Z ESDLth'j — SEALMWh'b

JEIRSR JEIE,

2.4.11 For a dispatchable generation resource, its DAM LC EOP for energy shall be less
than or equal to any maximum SEALMW,, ;, constraint that is applied for hour

he{l,..,24} and bus be BPC:

ESDGp . < SEALMW,,

keKE,

Page 20 of 67 Public IMO_FORM_1087v12.10
REV-21-06



2.4.12 For a dispatchable load, its DAM LC EOP for energy shall be less than or equal to
any maximum SEALMW, ,constraint that is applied for hour 4 € {1,.., 24} and
bus b€ BPL:

Z ESDLyp, j < SEALMW,, ),
J Eff_ b
2.4.13 For a dispatchable generation resource, its DAM LC EOP for energy shall be equal

to any fixed SEALMW,, ,constraint that is applied for hour 2€ {1, .., 24} and bus
be BP¢:

Z ESDGh,b,k = SEALMWth

keKy,
2.4.14 For a dispatchable load, its DAM LC EOP for energy shall be equal to any fixed

SEALMW, ,constraint that is applied and equal to zero for each class of
operating reserve for hour A€ {1, .., 24} and bus b€ BPL:

Z ESDLy,, ; = SEALMW,,

].E]E,b
ES10SDLy ;= 0
fefﬁ.%s
ES10NDLpy ;=0
JERSN
ES30RDLy,; =0
jerok

2.4.15 For a dispatchable load, its DAM LC EOP for energy shall be greater than or
equal to the bid quantity for energy priced at the maximum market clearing
price.

Z ESDLy,,; > QDLFIRM,,
jefff_b
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2.4.16 For a dispatchable load, its DAM LC EOP for gperating reserve shall be less than
or equal its DAM LC EOP for energy less the bid quantity for energy priced at the
maximum market clearing price:

ES10SDLyp ; < Z ESDLyy; — QDLFIRMy, ),

108 }Ejsz'_b

jE]h‘b

ES10NDL, ), ; < Z ESDLy,; — QDLFIRM,,

TON Py
JEIRp

JE€Ipp

Z ES30RDLy, ) ; < Z ESDLy,, j — QDLFIRMy,,

30R

JEInp J'eff[f,b

Constraints for Operating Reserve Ramping

2.4.17 For a dispatchable generation resource with RLP10Sy ;, > 0, its DAM LC EOP for
ten-minute operating reserve shall be less than or equal to its reserve loading
point for ten-minute operating reserve for hour A€ {1, .., 24} and bus b€ B”“:

ES10SDGy 1

keKLSS

108
KEKLS;

1
< Z ESDGy p x -(m)- min{lO-ORRDGb, Z QlOSDGh‘ka}

2.4.18 For a dispatchable generation resource with RLP30R;, ,, > 0, its DAM LC EOP for
thirty-minute operating reserve shall be less than or equal to its reserve loading
point for thirty-minute operating reserve for hour h€ {1, .., 24} and bus » € B"C:

ES30RDGy,
kek; R
< Z ESDG ! in4 30 ORRDG Z 30RDG
< | —=—— || min - ,
hb.k RLP30R, , b Q hbk
keKE, ' KkeKRIR
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Constraints for Pseudo-Units

2.4.19 For a pseudo-unit, its DAM LC EOP for energy for the dispatchable region and
duct firing region shall be less than or equal to the respective maximum
capabilities for those regions for hour h € {1,.., 24} and bus b € BPSU:

ESDGh,b,R S MCIXDRh‘b

DR
keKh'b

ESDGh]ka < MGIXDFh,b

DF
keKPS

2.4.20 For a pseudo-unit, its DAM LC EOP for each class of operating reserve shall be
less than or equal to the sum of the maximum capabilities for its dispatchable
region and duct firing region for hour h € {1,.., 24} and bus b € BPSY:

ESlOSDGh,b’k < MCUCDRh,b + MC!XDFh’b

108
kKLY

ES10NDGy, ), < MaxDRy, , + MaxDF, ,

kekpoN

ES30RDGy, ;,x < MaxDRy,, + MaxDFy,

30R
KEKRS)

2.4.21 For a pseudo-unit that cannot provide ten-minute operating reserve from its duct
firing region, the following constraint shall apply:

Z ESDGy px + Z ES10SDG, 1 i + Z ES10NDGy . < MINQDGy, + QDR 1

keKE , kEKES kekp N

Constraints for Resources with Linked Forebays

2.4.22 For all dispatchable hydroelectric generation resources with a linked forebay, the
DAM LC EOP for energy at the upstream resources in one hour shall result in a
proportional DAM LC EOP for energy at the downstream resources in the hour
determined by the time /ag.
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For all dispatchable hydroelectric generation resources with a linked forebay
between upstream resources by € B, and downstream resources b, € B, for
(b,b,) € LNKand hours he€ {1, .., 24} such that / + Lag, , < 24:

HE E ESDG = MWhRatio :
szesdn (Zke{{bbh*‘l'agbl,bz kh+Lagp, b,.bz by,by

L epHE (ZkEK;fl,h ESDGk.h,m)

2.5 Calculation of DAM LC EOP for Resources with a Linked
Forebay Under Certain Conditions

2.5.1 For dispatchable hydroelectric resources with a linked forebay, the DAM LC EOP
shall be equal to the resource’s day-ahead schedule if the conditions in sections
2.5.1.1 and 2.5.1.2 are both satisfied:

2.5.1.1  The following constraint violation prices were non-binding in Pass 1 or
Pass 3 of the day-ahead market calculation engine run for any
dispatch hourin the dispatch day:

Zf:l;NMMDEjWh SMaxDelViol,;; = 0

SMinDelViolh,b,l- =0

i=1:Npginper Viely

Z SSMaxDelViol, ¢; =0

{=1:NsMaxDelViol,
 SSMinDelVioly,; = 0; or

Zi:l:NSMinDelviol

Z SLdVl:Olh,i =0

i=1:Nraviol),
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Z SGenViol,; =0

izl:NGenVialh

S10SViol,; = 0

i=1:Mosviol,

S10RVioly,; = 0

i=1:Mogviol,

Z S30RVioly,; = 0

i=1: N30 gviol,

SREG10RViol,,; = 0

{=1:Ngegrorvion,

SREG30RViol,.,; = 0

1=1: Ngezo Rvioly,

SXREG10RViol,.,; = 0

i=1:NxreG1oRviol),

SXREG30RViol, ;= 0

i=1: Nxregso rvioly,

SPrelTLViolg,;= 0

i=1:Npresriviol,

Z SITLViol,z,; = 0

t=1:Nyr1viol, gy

SPreXTLViol,; = 0

{=1:Nprexriviol,

SNIUVioly,; = 0

i=1:Nypuviol,
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Z SNIDViol,; = 0

i=1:Nnipvioly,

Z SOGenLnkVioly y; pz); = 0

{=1:NgGenLnkViol,

Li=1:N UGenLnkViol

hSUGenLnkViolhl(bl,bz),i =0, and

2.5.1.2 At least one of the conditions set out in sections 2.5.1.2.1 to 2.5.1.2.4
is met:

2.5.1.2.1 At least one resource with a /inked forebay has a day-
ahead schedule that satisfies any one of the following
conditions for a dispatch hour in which the time /ag was
evaluated:

a. ZREKE.!; ASDGth’k < MinHMRh‘b;
b. ZREKEb ASDGh.,b,k < MinHOh,b; or
C. FOT'Lb,i < ZkEK,{bASDGh:buk < FOT'Uin,'
2.5.1.2.2 For all resources with a linked forebay where at least one

of the following daily constraints are binding for at least
one dispatch hourin a dispatch day.
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Z Z IHEy,: | = MaxStartsHE,
h=1.24 \i=1.NStartMwy,

Z ( Z (Z ASDGh,b,k))
h=1.H \b eBHE \kekf,

+ Z IOORCOnv( Z S105DGy 5

10S

b eBHE kek s
+ Z S10NDGy p 1 )
kekioN

+ 300RConv( ssoRDGH,b,k> > MaxSDEL,

30R
keKiY

Yo 24 (Zb e (ZkEKﬁbASDG,,Jh_k)) < MinSDEL,;

2.5.1.2.3 For all resources with a /inked forebay that do not have a
binding reliability constraint applied for a dispatch hourin
which the time /lag was evaluated:

SxexE, ASDGnp i # RELIABILITYMW,,, where b € BHE

2.5.1.2.4 For all resources with a linked forebay that have at least
one binding SEALMW,, ,constraint for a dispatch hourin
which the time /ag was evaluated, at least one of the
following conditions was met:

a. For a resource that has a fixed
SEALMW, ,constraint applied for hour A€ ({1,.., 24}

and bus be BHE:
ASDGh,bjk = SEALMWh’b

KkEKE,
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b. For a resource that has a minimum

SEALMW, ,constraint applied for hour A€ ({1,..

and bus be BHE;
Z ASDGypy < SEALMW),,

E
kekE,

c. For a resource that has a maximum

SEALMW, ,constraint applied for hour A€ ({1,..

and bus be BHE:

, 24}

, 24}

ASDGppy = SEALMW,,

E
keKp,

2.6 Outputs

2.6.1 The DAM LC EOPs used for settlement for energy and operating reserve for all
resources except pseudo-units for each hour of the dispatch day shall be the
sum of each DAM LC EOP variable determined by the objective function in
section 2.3 for that resource, subject to constraints in section 2.4 applicable for

that resource determined as follows:

DGEnergyEOP, , = Z ESDGp

E
keKE,

DG10NEOP,, = ES10NDGy,

10N
kekLY,

DLEnergyEOPy,,, = Z ESDLy

JEIE,

DL1ONEOP,, = Z ES1ONDLy, p, ;

: 10N
}E]h,b
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DG10SEOP,,, = Z ES10SDGy,

105
keKp j,

Z ES30RDGy, .

30R
kEK} ),

DG30REOP,, =

DL10SEOP,,, = Z ES10SDLy,, ;

T
JE€Inp

DL30REOP,, = Z ES30RDLy

£ 30R
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2.6.2

DIEnergyEOPh‘b = Z ESIGth_k

kekE,

DI1ONEOP, ,, = Z ES10NIGy, DI3OREOP, ,, = Z ES30RIGy,, i

10N 30R
Kkek1Y) ke

DXEnergyEOP,, = Z ESXLpy,

fE]}Eb

DX10NEOP,, = Z ES10NXLy,), ; DX30REOP,, = Z ES30RXLy,

: ON -~ 130R
JE/}LJJ Jth_b

The DAM LC EOPs for energy and operating reserve for a pseudo-unit for each
hour of the dispatch aay, which will be used for converting the DAM LC EOPs to
physical resource equivalents in accordance with sections 2.6.3 to 2.6.4, shall be
determined as follows:

PSUMLPEnergyEOPy , = Z ESDGy p x

MLP
ekt

PSUDREnergyEOPy,, = Z ESDGp

DR
KEKPR

PSUDFEnergyEOP, , = Z ESDGy

DF
KkeKPE

PSU10SEOP, ), = Z ES10SDGp , 1

108
keK}S;

PSU10NEOP,, = Z ES10NDGy,

10N
keK )

PSU30REOP, ) = Z ES30RDG, p 1

30R
keK;Y)
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Conversion of DAM LC EOPs for Pseudo-Units to Physical Resource Equivalents

2.6.3 The DAM LC EOP used for settlement for energy for a combustion turbine and a

steam turbine that is associated with pseudo-unit k € {1, ..., K} in hour h shall be
determined as follows:

CTEnergyEOPy,

= PSUMLPEnergyEOPy, ;. - CTShareMLPy ; + PSUDREnergyEOPy,
*CTShareDRy,

STEnergyEOPy

= PSUMLPEnergyEOPy; - STShareMLP;, + PSUDREnergyEOPy, ;,
*STShareDRy, + PSUDFEnergyEOP

2.6.4 The DAM LC EOPs used for settlement for operating reserve for a combustion
turbine and a steam turbine that is associated with pseudo-unitk € {1, ...,K} in
hour h shall be determined as follows and in the following order for each class of
operating reserve:

10SDRy, ;. = min(QDRy, ., PSUT0SEOP;, )
10NDRy, ;. = min(QDRy, ;. — 10SDR}, i, PSULONEOPy, ;)
30RDRy, ;. = min(QDRy, . — 10SDRy, ;. — 1ONDRy, ;,, PSU3OREOP,, ;)
CT10SEOP, ;. = 10SDRy, ;. - CTShareDR,
ST10SEOPy ) = 10SDRy, - STShareDRy, + (PSU10SEOP), ;. — 10SDRy, ;)
CT10NEOP;,; = 10NDR,. - CTShareDRy, .
ST10NEOPy,, = 10NDRy, ;. - STShareDRy + (PSU10NEOPy, ,, — 10NDRy, ;)
CT30REOPy, . = 30RDR,, - CTShareDR),
ST30REOP;,;c = 30RDRy,; - STShareDR;. + (PSU30REOP;, ;. — 30RDR}, ;)
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3. Real-Time Market Lost Cost Economic
Operating Point
3.1 Purpose

3.1.1 This section describes the process used to determine lost cost economic
operating point (RT LC EOP) for eligible resources in the real-time market.

3.2 Sets, Indices and Parameters used by the Real-Time Lost
Cost Economic Operating Point Calculation

Fundamental Sets and Indices

3.2.1 A designates the set of all intertie zones;

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

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

3.24 BPL c B designates the set of buses identifying dispatchable loads,

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

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

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

3.2.8 DI, < D, designates the subset of /intertie zone buses identifying boundary entity
resources that correspond to import offersin intertie zone a € A;

3.2.9 DX < BPL designates the subset of intertie zone buses identifying boundary
entity resources that correspond to import offers;

3.2.10 DX, € D, designates the subset of /intertie zone buses identifying boundary entity
resources that correspond to export bids in intertie zone a € A;
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3.2.11 ExtLMP,‘f 5 designates the /ocational marginal price for energy for the dispatch
hour in which interval ;i e Ifalls as determined by Pass 1 of the pre-dispatch
calculation engine,

3.2.12 I={1,..,n;} designates the set of all intervals, where n, designates the nhumber
of five-minute intervals considered within the real-time look-ahead period;

3.2.13 J{ designates the set of bid laminations for energy at b € B u DX for interval
i€l

3.2.14  J}9® designates the set of offerlaminations for synchronized ten-minute
operating reserve at b € BPL for interval i€ I

3.215  J})" designates the set of offer laminations for non-synchronized ten-minute
operating reserve at b € BPL u DX for interval i€ I,

3.2.16  J2OR designates the set of offer laminations for thirty-minute operating reserve at
b € BPL y DX for interval i€ 7;

3.2.17 J¢4 designates the set of bid laminations for energy at intertie zone bus d € DX
for time-step te 75;

3.2.18 3" designates the set of offer laminations for non-synchronized ten-minute
operating reserve at d € DX for time-step te 75

3.2.19 9% shall designate the set of offer laminations for thirty-minute operating
reserve at d € DX for time-step te 75

3.2.20 K}, designates the set of offer laminations for energy at b € B”¢ u DI for
interval 7€ /;

3.2.21 K;%® designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B~ for interval i€ [ ;

3.2.22 K}V designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BP¢ u DI for interval /€ /;

3.2.23 KPR designates the set of offer laminations for non-synchronized thirty-minute
operating reserve at bus b € BP¢ u DI for interval i€ I;

3.2.24 K, designates the set of offer laminations for energy at d € DI for time-step
te 75;
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3.2.25

3.2.26

3.2.27

k!N designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus d € DI for time-step te 75

K23® designates the set of offer laminations for synchronized ten-minute
operating reserve at bus d € DIfor time-step t€ 7S, and

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

Market Participant Data Parameters

3.2.28 With respect to all resources:
3.2.28.1 Derate;;, designates the maximum amount of energy and operating
reserve that can be scheduled for a resourcein a dispatch interval;
3.2.29 With respect to a dispatchable generation resource identified by bus b € BPC:
3.2.29.1 MinQDG,, designates the minimum loading pointindicating the
minimum output at which a resource must be scheduled to except for
times when the resource is starting up or shutting down at b € B¢
for interval i;
3.2.29.2 ORRDG, designates the maximum operating reserve ramp rate in MW
per minute for the resource at b € BP¢;
3.2.29.3 PDG;y « designates the price for the maximum incremental quantity of
energy in interval /€ I'in association with offer lamination & € kfb;
3.2.29.4 P10SDG; « designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval /€ I
in association with offer lamination & € ,;?,5;
3.2.29.5 P1ONDG;,, designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in interval
/€ I'in association with offerlamination k€ /<,{2N;
3.2.29.6  A0RDG; « designates the price for the maximum incremental
quantity of thirty-minute operating reserve in interval /€ Iin
association with offer lamination & € K5";
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3.2.29.7

3.2.29.8

3.2.29.9

3.2.29.10

QDG, , , designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in interval
/€ I'in association with offer lamination k< € /(,5);

Q105DG, , . designates the maximum incremental quantity of
synchronized ten-minute operating reserve in interval /€ Iin
association with offerlamination k € ,;%5;

QLONDG, , , designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve in interval /€ Iin
association with offerlamination &k € ,;%N; and

Q30RDG/;b/k designates the maximum incremental quantity of thirty-

minute operating reserve in interval /€ Iin association with offer

lamination & € ,;?,R;

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

3.2.30.1

3.2.30.2

3.2.30.3

3.2.30.4

3.2.30.5

3.2.30.6
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PDL;, ; designates the price for the maximum incremental quantity of
energy for interval /€ Iin association with bid lamination j € Jf,;

P10SDL; ;, ; designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval i € 1
in association with offer lamination j € J1p%;

P10NDL; 5, ; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in interval
i € I'in association with offer lamination j € /{V;

P30RDL; ;, ; designates the price for the maximum incremental
quantity of thirty-minute operating reservein interval i € I in
association with offer lamination j € J7p%;

QDL;, designates the maximum bid quantity for energy at b € B for
interval /€ 7in association with bid lamination j € J;

QDLFIRM,; ;, designates the quantity of energy that is bid at the
maximum market clearing price at b € BPL in interval /€ I
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3.2.30.7 Q10SDL; ), designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in

interval /€ 7in association with offer lamination j € ,;25;

3.2.30.8 Q10NDL; ), designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in
interval /€ 7in association with offer lamination j € J%%N;

3.2.30.9 Q30RDL;, designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in interval /€ Iin
association with offer lamination j e J,B;?,R;

3.2.30.10 RLP10S;, designates the reserve loading point for synchronized ten-
minute operating reservein interval /€ I; and

3.2.30.11 RLP30R;, designates the reserve loading point for thirty-minute
operating reservein interval / € I

3.2.31 With respect to a pseudo-unitidentified by bus b€ B™V:

3.2.31.1 (CTShareMLP, designates the combustion turbine share of the
minimum loading point region;

3.2.31.2 (CTShareDR, designates the combustion turbine share of the
dispatchable region;

3.2.31.3 STShareMLP, designates the steam turbine share of the minimum
loadling point region; and

3.2.31.4 STShareDR, designates the steam turbine share of the dispatchable
region;

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

3.2.32.1 PIG;q4, designates the price for the maximum incremental quantity of
energy that may be scheduled to import in time-step £€ 75in
association with offer lamination k €;

3.2.32.2 P10NIG, 4 designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-

step t€ TSin association with offer lamination k€ K;5";
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3.2.32.3

3.2.32.4

3.2.32.5

3.2.32.6

P30RIG, 4 designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step te 7Sin
association with offer lamination k€ K35;

QIG, 4 designates the maximum quantity of energy for which an
import at bus d € DI in time-step £ € 75 may be scheduled in
association with offer lamination k € K/,;

Q10NIG, 4, designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in
time-step ¢€ 7:5in association with offer lamination k€ &;5"; and

Q30RIG, 4 designates the maximum incremental quantity of thirty-
minute operating reserve quantity that may be scheduled in time-step
t€ TSin association with offer lamination k€ K%

3.2.33 With respect to a boundary entity resource export to intertie zone bus d € DX,
where the /ocational marginal price represents the price at the /ntertie metering

point.

3.2.33.1

3.2.33.2

3.2.33.3

3.2.33.4

3.2.33.5
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PXL. 4 ; designates the price of the exporter at bus d'for an
incremental quantity of energy in time-step t € TS in association with
bid lamination j € J;;

P10NXL, 4 ; designates the price of being scheduled to provide non-
synchronized ten-minute operating reserve in time-step t € TS in
association with offer lamination j € J13";

P30RXL, 4 ; designates the price for the maximum incremental

quantity of thirty-minute operating reserve in time-step t € TS in
association with offer lamination j € J33%;

QXL 4 ; designates the maximum quantity of energy for which the

export at bus bin time-step t € TS may be scheduled in association
with bid lamination j € J£;;

Q10NXL, 4 ; designates the quantity of non-synchronized ten-minute

operating reserve that may be scheduled in time-step t € TS in
association with offer lamination j € j13"; and
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3.2.33.6 Q30RXL.,; designates the quantity of thirty-minute operating

reserve that may be scheduled in time-step t € TS in association with
offer lamination j € J33%;

IESO Data Parameters

3.2.34 ASDG;;, designates the amount of energy that a dispatchable generation
resource is scheduled to provide by the real-time calculation engine at bus b for
interval /€ I

3.2.35 COMCYCMW;, designates the MWh constraint placed onto a resource that is not
modelled as a pseudo-unit at bus b for interval / € Ito reflect that resource’s
energy capability in combined cycle mode;

3.2.36 ExtLlONdeD designates the /locational marginal price for non-synchronized ten-
minute operating reserve for the dispatch hour in which interval / € Ifalls as
calculated by Pass 1 of the pre-dispatch calculation engine,

3.2.37 EXL‘L30RP,5§7 designates the /locational marginal price for thirty-minute operating
reserve for the dispatch hourin which interval /€ Ifalls as calculated by Pass 1
of the pre-dispatch calculation engine,

3.2.38 FG;, designates the JESO's centralized variable generation forecast for a variable
generation resource identified by bus b for interval /€ I

3.2.39 LMP,;lb designates the /ocational marginal price for energy in interval /€ Ias
determined by Pass 1 of the real-time calculation engine;

3.2.40 L105P,-j7 designates the /ocational marginal price for synchronized ten-minute
operating reserve in interval /€ I as determined by Pass 1 of the real-time
calculation engine,

3.241 L10NP,;1,J designates the /ocational marginal price for non-synchronized ten-
minute operating reserve in interval /€ I as determined by Pass 1 of the real/-
time calculation engine,

3.2.42 LSORP,;J,J designates the /ocational marginal price for thirty-minute operating
reservein interval /€ Ias determined by Pass 1 of the real-time calculation
engine,

3.243 REGULATIONMW, , designates the MWh constraint placed onto a resource at
bus b for interval /e Ifor regulation;, and
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3.2.44 SEALMW;, , designates the MWh constraint placed onto a resource at bus b for
interval / € Ifor actions taken to ensure the safety of any person, prevent the
damage of equipment, or prevent the violation of any applicable law.

3.3 Objective Functions

3.3.1 The objective functions for the Real-Time Market Lost Cost Economic Operating
Point calculation shall solve for the following variables:

3.3.1.1

3.3.1.2

3.3.1.3

3.3.14

3.3.1.5

3.3.1.6

3.3.1.7
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ESDG;;, ,, Which designates the amount of energy that a dispatchable
generation resource is scheduled at bus b € A ininterval /€ Iin
association with offer lamination k € /(fb;

ES108DG; 1, Which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is

scheduled to provide at bus b6 € B° in interval /€ Iin association

with offer lamination k € K5°;

ES10NDG;,, , Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus 6 € B2 in interval / € Iin association

with offer lamination & € /(,},?N;

ES30RDG;p, Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to

provide at bus b € BC in interval /€ Iin association with offer

lamination & € ,-/32’?;

ESIG; 4, Which designates the amount of dispatchable imports
scheduled at bus d € DI in interval i € I in association with offer
lamination k € Kf;;

ES10NIG; 4, Which designates the amount of non-synchronized ten-
minute operating reserve scheduled at bus d € DI in interval i € Iin
association with offer lamination k € K;;;

ES30RIG; 4, which designates the amount of thirty-minute operating
reserve scheduled at bus d € DI in interval i € I in association with

offer lamination k € K};
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3.3.1.8

3.3.1.9

3.3.1.10

3.3.1.11

3.3.1.12

3.3.1.13

3.3.1.14
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ESDL;;,;, which designates the amount of energy that a dispatchable

load scheduled at bus 6 € B in interval j € in association with offer
lamination j € J£,;

ES108DL;, ;, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b€ B” ininterval /€ Iin association with offer lamination JE
J105.

Lb 1
ES10NDL;,,;, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € B in interval /€ Iin association with offer
lamination j e J,}BN;

ES30RDL,, ;, which designates the amount of tAirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b €

B in interval / € Iin association with offer lamination j J?%R;

ESXL; 4 wWhich designates the amount of dispatchable imports
scheduled at bus d € DX in interval i € 7 in association with offer
lamination k € K;;

ES10NXL; 4, Which designates the amount of non-synchronized ten-
minute operating reserve scheduled at bus d € DX ininterval i € 7 in
association with offer lamination k € K/;; and

ES30RXL; 4, which designates the amount of thirty-minute operating
reserve scheduled at bus d € DX in interval i € I in association with
offer lamination k € Kf,.
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3.3.2 For each of the following resource types, the objective function for determining
an RT LC EOP will maximize the value of the following expressions:

3.3.2.1 For dispatchable generation resources.

0bjSDG = Z ESDG;p e+ (LMf%b—PDGi,b,k)

kekE,

0bj10SDG = Z ES10SDG; . - (L10SPL — P10SDG; )

108
keK]D

0bj10NDG = Z ES10NDG;p ), - (L1ONE, — PIONDG )

10N
keKS

0bj30RDG = Z ES30RDG;p - (L30RPL, — P30RDG; ;)

kekZHR
3.3.2.2  For dispatchable loads:

0bjSDL; = z ESDL;y, ;- (PDLyy; — LMP,)

fEffb

Obj10SDL; = Z ES10SDL;y, ; - (P10SDL;y, j — L10SE})

;1108
JElip

0bj10NDL; = Z ES10NDL;y, ; - (P1ONDL;, ; — LIONE)

110N
J€lip

Obj30RDL; = Z ES30RDL;y, ; - (P30RDL; j, ; — L30RE,)

.~ 130R
JElip

3.3.2.3  For import transactions associated with boundary entity resources:
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ObjSIG; = Z ESIG; g - (ExXtLMEY — PIGq}.)

kekE,

Obj10NIG; = Z ES10NIG, gy - ( EXtLIONF[G — P1ONIGy g

10N
kEKf,d

0bj30RIG; = Z ES30RIG, 4 - (ExtI30RP]g — P30RIG, o)

30R
keK?S

3.3.2.4  For export transactions associated with boundary entity resources.

ObjSXL; = Z ESXLigj- (PXLya,; — EXtLMEY)

jEffd

Obj10NXL; = Z ESlONXL[-,dJ--(PlONXLt,d,j—EXL‘LIONH??)

jertgy

Obj30RXL; = Z ES30RXLyq,; - (P30RXLy,q,; — EXtI30RF3)

:~ r30R
J€lia

3.4 Constraints

34.1 The constraints described in this section 3.4 shall apply to the objective functions
used for the RT LC EOP calculation.
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Scheduling Variable Bounds

No RT LC EOP shall be negative, nor shall any RT LC EOP exceed the offeror bid
quantity for energy or the offer quantity for operating reserve. For all intervals

3.4.2

3.4.3

3.4.4

je I

0 < ESDL;j,; < QDL;y

0 < ES10SDL;y; < Q10SDL;y ;
0 < ES10NDL;j, ; < Q1ONDL;, ;
0 < ES30RDL;;,; < Q30RDL;,
0 < ESDGypp < QDGypype

0 < ES10SDG; ) < Q10SDG,
0 < ES10NDG; ) < Q1ONDG, .
0 < ES30RDG, ;1 < Q30RDGy
0 <ESDX;4; < QXL¢g,;

0 < ES10NXL;4; < QIONXL4;
0 < ES30RXL; 4, < Q30RXL; 4
0<ESIG 4 < QIGuqy

0 < ES10NIG; 4y < Q1ONIGy g,
0 < ES30RIG; 4 < Q30RIG g

for all b € BP,j € JE,;
for all b € BPL, j € J195;
for all b € BP,j € J1OV;
for all b € BPL,j € J39F;
for all b € BP%, k € Kf,;
for all b € BPS, k € K}2%;
for all b € B2,k € K}OV;
for all b € BPC, k € K3%;
for all d € DX, j € JE,;
forall d € DX,j € J}9Y;
for all d € DX, j € Ji9%;
foralld € DI,k € Kfy;
for all d € DI,k € K3V,
for all d € DI,k € K23%;

Subject to section 3.4.4, the RT LC EOP for a non-quick start resource shall be
greater than or equal to its minimum loading point for interval i € I and bus b €

BNes.

z ESDG; e = MinQDG,

kekF,

The RT LC EOP for a non-quick start resource shall be equal to its real-time
schedule when it is scheduled below its minimum loading point for interval /e I

and bus b € BNOS:

If Xyexs, ASDGi b < MinQDG), for b € BNOS then:

Z ESDGin’k = ASDGin

keKs,
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Constraints for Regulation Requirements

3.4.5

3.4.6

For a dispatchable generation resource, its RT LC EOP for energy shall be greater
than or equal to any regulation constraint that is applied for interval /e 7and bus
b € BP¢:

ESDG;, . = REGULATIONMW,

kekE,

For a dispatchable generation resource, its RT LC EOP for energy and each class
of ogperating reserve shall not exceed the maximum available capacity the
resource has less the regulation constraint that is applied for interval /€ 7and
bus b € BP¢:

ESDG;, ) < AdjMaxDG;, — REGULATIONMW;

kekf,

ES10SDG; . < AdjMaxDG;), — REGULATIONMW, ,

108
keKip

ES10NDG; ;. < AdjMaxDG;, — REGULATIONMW,

10N
kEKLb

ES30RDG;, < AdjMaxDG;, — REGULATIONMW,,

30R
KEKED

Constraints for Market Participant Requirements

3.4.7

3.4.8

For a dispatchable generation resource, its RT LC EOP for energy shall be greater
than or equal to any minimum SEALMW; , constraint that is applied for interval
i€ I'and bus be BP°:

Z ESDG; ) = SEALMW,,

E
kEKE,b

For a dispatchable load, its RT LC EOP for energy shall be greater than or equal
to any minimum SEALMW; ,constraint that is applied and for each class of
operating reserve, the RT LC EOP shall be less than or equal to the RT LC EOP
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for energy for that resource less any minimum SEALMW; ,, constraint that is
applied for interval /e 7and bus b€ BPL:

ESDL;y,; = SEALMW, ,

jesk,

ES10SDL;, ; < z ESDL;;; — SEALMW,,

jeitss jerk,

Z ES10NDLy;,; < Z ESDL;,; — SEALMW,,

jerip jerk,

ES30RDL;;,; < Z ESDL;,,; — SEALMW;,

jeIpR jelf,

3.4.9 For a dispatchable generation resource, its RT LC EOP for energy shall be less
than or equal to any maximum SEALMW; ;, constraint applied for all intervals /€ 7

and buses b € BP¢:

Z ESDG; px < SEALMW, ,

kekE,

3.4.10 For a dispatchable load, its RT LC EOP for energy shall be less than or equal to

any maximum SEALMW; , constraint applied for all intervals /€ 7and buses b€
BPG:

ESDL;;, ; < SEALMW, ,
J'E]Eb

3.4.11 For a dispatchable generation resource, its RT LC EOP for energy shall be equal
to any fixed SEALMW; , constraint applied for interval /e 7and bus b€ BP¢:

Z ESDGi,b,k = SEALMWl,b

&
keKip
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3.4.12 For a dispatchable load, its RT LC EOP for energy shall be equal to any fixed
SEALMW; , constraint that is applied and equal to zero for each class of
operating reserve for interval i € 1 and buses b€ BPL:

ESDLi’bJ' = SEALMVV['b

}'E]fb
ES10SDL;,; = 0
jeIty®
ESlONDLL'IbJj =0
jesipY
ES30RDL;); = 0
JeIgs®

3.4.13 For a dispatchable load, its RT LC EOP for energy shall be greater than or equal
to the bid quantity for energy priced at the maximum market clearing price:

Z ESDL;); = QDLFIRM;,

jerk,

3.4.14 For a dispatchable load, its RT LC EOP for operating reserve shall be less than or
equal its RT LC EOP for energy less the bid quantity for energy priced at the
maximum market clearing price:

ES10SDL;, ; < Z ESDL;;,; — QDLFIRM;,

jeit® jerk,

ES10NDL;,,; < Z ESDL;); — QDLFIRM;,

10N .~ E
JEIip

J€lip

ES30RDL;,,; < Z ESDL;;; — QDLFIRM;,

jesisk JEIEy
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Constraints for Operating Reserve Ramping

3.4.15 For a dispatchable generation resource with RLP10S;, > 0, the amount of ten-
minute operating reserve that the resource is scheduled to provide shall be less
than or equal to its reserve loading point for ten-minute operating reserve and ,

the following constraint shall apply for all hours 2€ {1,.., 24} and all buses b€
BP¢:

ES10SDGy ),

108
kEKi,b

1
< ESDG: o |- (—— )+ [ mi 10-0RRDG-,Z 10SDG,
Z Lk (RLPlOSi,b) mm w2, ¢ Hb
kEKi,b

E

3.4.16 For a dispatchable generation resource with RLP30R; , > 0, the amount of thirty-
minute operating reserve that the resource is scheduled to provide shall be less
than or equal to its reserve loading point for thirty-minute operating reserve and
the following constraint shall apply for all hours A€ {1,..,24} and all buses b€

BPC:
ES30RDG; p i
kekZIR
1 ,
< Z ESDGi'b’k ' m | min{30- ORRDGi,b, Z QBORDGi'b‘k
keKp, ’ ke PR
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Constraints for Pseudo-units

3.4.17 For a pseudo-unit, its RT LC EOP for energy for the dispatchable region and duct
firing region shall be less than or equal to the respective maximum capabilities
for those regions for interval i € 1and bus b € BPSU:

ESDG,:’ka S Mﬂ.xDRi'b

DR
kekD)

ESDGi,b,k < MaxDFin

DF
keKiy,

3.4.18 For a pseudo-unit, its RT LC EOP for each class of gperating reserve shall be less
than or equal to the sum of the maximum capabilities for its dispatchable region
and duct firing region for hour i € 1and bus b € BPSY:

ESlOSDGi,ka < MaxDRi,b + MQXDFi'b

108
kEKi,b

ES10NDG; . < MaxDR;, + MaxDF;,

10N
kEKLb

ESSORDGi‘b.k < MaxDR[-,b + MClXDFL"b

30R
kEKSD

3.4.19 For a pseudo-unit that cannot provide ten-minute operating reserve from its duct
firing region, the following constraint shall apply:

Z ESDG;px + Z ES10SDG; 1 + Z ES10NDG;,x < MINQDG, + QDR

kekk, keKDS ke 19N
3.5 Outputs
3.5.1 The RT LC EOPs used for settlement for energy and operating reserve for all

resources except pseudo-unit resources for each interval of the dispatch hour
shall be the sum of each RT LC EOP variable determined by the objective
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function in section 3.3 for that resource, subject to constraints in section 3.4
applicable for that resource determined as follows:

DGEnergyEOP} = Z ESDG,

E
keKE,

DG10NEOPY = ES10NDG,,

10N
keK}y

DLEnergyEOPK = Z ESDL;y

JEIE,

DL10NEOP = Z ES10NDLy

ety

DIEnergyEOP[{ = z ESIG;p

DG10SEOPL =

DG30REOP,,";

DLloSEOPLb;“Z

DL30REOP,;"

ES10SDG,,

108
kek()

= Z ES?)ORDG!"IJ’R

30R
keK3)

ES10SDL; ), ;

JeItss

= Z ES3ORDLL,bJ

j€lipR

keKS,
DI1ONEOPE, = ES10NIG;, DI3OREOP; )} = ES30RIG; .
KekION KeR R
DXEnergyEOPfg = Z ESXL;p
JEIfy
DX10NEOPL = Z ES10NXL; ), DX30REOP = ES30RXL; )
jertpN JEIR
3.5.2 The RT LC EOPs for energy and operating reserve for a pseudo-unit for each

interval of the dispatch hour, which will be used for converting the RT LC EOPs
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to physical resource equivalents in accordance with sections 3.5.3 to 3.5.4, shall
be determined as follows:

PSUMLPEnergyEOP}{ = Z ESDG;p k

MLP
keKip

PSUDREnergyEOP}; = Z ESDG;p

DR
keK;y,

PSUDFEnergyEOP{y = Z ESDG;p

kekBF

PSU10SEOP/{ = Z ES10SDG; .

108
kEKE_b

PSU10NEOP/{ = Z ES10NDG;

10N
kEK(,b

ES30RDG;

PSU30REOP}

30R

Conversion of RT LC EOPs for Pseudo-Units to Physical Resource Equivalents

3.5.3 The RT LC EOP used for settlement for energy for a combustion turbine and a
steam turbine that is associated with pseudo-unit k € {1, ..., K} in interval i shall

be determined as follows:

CTEnergyEOP;
= PSUMLPEnergyEOP/( - CTShareMLP;; + PSUDREnergyEOP/

* CTShareDR;

STEnergyEOQOP;
= PSUMLPEnergyEOP/ - STShareMLP;, + PSUDREnergyEOP{{

- STShareDR;, + PSUDFEnergyEOPiﬁf

3.54 The RT LC EOPs used for settlement for operating reserve for a combustion
turbine and a steam turbine that is associated with pseudo-unitk € {1, ..., K} in
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interval i shall be determined as follows and in the following order for each class
of operating reserve:

10SDR; ) = min(QDR;, PSUL0SEOP/{
10NDR; ), = min(QDR;; — 10SDR;;,, PSUIONEOP}{
30RDR;; = min(QDR; — 10SDR;; — 10NDR; , PSU30REOP}{

CT10SEOP;), = 10SDR; . - CTShareDR,,
ST10SEOP; ;. = 10SDR;, - STShareDR,, + (PSU10SEOP — 10SDR; )

CT10NEOP;), = 10NDR), - CTShareDR;
ST10NEOP; ;. = 10NDR; . - STShareDR, + (PSULONEOPLS — 10NDR; ;)

CT30REOP;), = 30RDRy, - CTShareDR;

ST30REOP;; = 30RDR; - STShareDR;, + (PSU30REOPES — 30RDR; )

Page 50 of 67 Public IMO_FORM_1087v12.10
REV-21-06



4. Real-Time Market Lost Opportunity Cost
Economic Operating Point

4.1 Purpose

4.1.1 This section describes the process used to determine the lost opportunity cost
economic operating point for eligible resourcesin the real-time market (RT LOC

EOP).

4.2 Sets, Indices and Parameters Used by the Real-Time
Market Lost Opportunity Cost Economic Operating Point

Fundamental Sets and Indices

4.2.1 The fundamental inputs used to calculate RT LOC EOP are described in section

3.2.

Market Participant Data Parameters

4.2.2 In addition to the market participant data parameters described in section 3.2,
the following parameters are also used to calculate the RT LOC EOP.

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

4.2.3.1

4.2.3.2

4.2.3.3
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DRRDG;,,, designates the maximum rate in MW per minute at which
the resource can decrease the amount of energy it supplies at b €
BP¢ for interval i while operating in the range between
RmpRngMaxDG; ,,,—1 and RmpRngMaxDG;,,, for w €

{1, .., NumRRDG,,};

NumRRDG; ;, designates the number of ramp rates provided in time-
step /€ [, and

URRDG; ,,, designates the maximum rate in MW per minute at which
the resource can increase the amount of energy it supplies at b € BP¢
for interval /€ I'while operating in the range between
RmpRngMaxDG; ,,,—1 and RmpRngMaxDG;,,, for w €

{1, .., NumRRDG,,};
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4.2.4 With respect to a dispatchable load identified by bus b € BPL:

4.2.4.1

4.2.4.2

4.2.4.3

4.2.4.4

4.2.4.5

4.2.4.6

DRRDL;},, designates the maximum rate in MW per minute at which
the resource can decrease the amount of energy it supplies at b €
BPL for interval /€ Iwhile operating in the range between
RmpRngMaxDL;},,—1 and RmpRngMaxDL;,, for w €
{1,..,NumRRDL;,};

NumRRDL;, designates the number of ramp rates provided at b €
BPL for interval /€ I

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

RmpRngMaxDG, ,,, designates the w" ramp rate break point
provided at b € BP¢ for interval /€ Jwhere w € {1, ..., NumRRDG;  };

RmpRngMaxDL;, ,, designates the w" ramp rate break point
provided at b € BP! for interval /€ Twhere w € {1, ..., NumRRDL;  };
and

URRDL;, ,, designates the maximum rate in MW per minute at which
the resource can increase the amount of energy it supplies at b € BP~
for interval /€ I'while operating in the range between
RmpRngMaxDL;,,—, and RmpRngMaxDL;, ,, for w €

{1, ..., NumRRDL, , }.

IESO Data Parameters

4.2.5 In addition to the 7ESO data parameters described in section 3.2, the following
parameters are also used to the calculate the RT LOC EOP.

4.2.5.1

4.2.5.2
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GridConnected; , designates if the resource is connected to the JESO-
controlled grid at bus b for interval /€ I, and

RELIABILITYMW; ;, designates the MWh constraint placed onto a
resource at bus b for interval /€ Ifor reliability purposes.
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4.3 Objective Functions

4.3.1 The objective functions for the Real-Time Market Lost Opportunity Cost
Economic Operating Point calculation shall solve for the following variables:

4.3.1.1

4.3.1.2

4.3.1.3

4.3.1.4

4.3.1.5

4.3.1.6

4.3.1.7

4.3.1.8
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ESDG;;,x, Which designates the amount of energy that a dispatchable
generation resource is scheduled at bus b € A ininterval /€ Iin
association with offer lamination k € /(fb;

ES10SDG; ., Which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b6 € B° in interval /€ Iin association
with offer lamination k € K,9°;

ES10NDG;,x, Which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus 6 € B in interval /€ Iin association

with offerlamination & € ,;%N;

ES30RDG; ., Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to

provide at bus b € B in interval /€ Iin association with offer
lamination k € /(‘Z’?,R;

ESIG; 4, Which designates the amount of energy that a boundary
entity resource is scheduled to import from intertie zone bus d € DI
in interval i € Zin association with offer lamination k € K/;;

ES10NIG; 4, Which designates the amount of non-synchronized ten-

minute operating reserve that a boundary entity resource is scheduled
to provide from /ntertie zone bus d € DI in interval i € Iin association
with offer lamination k € K/;;

ES30RIG; 4, Which designates the amount of ¢hirty-minute operating
reserve that a boundary entity resource is scheduled to provide at bus
d € DI in interval i € 7in association with offer lamination k € K;;

ESDL;,;, which designates the amount of energy that a dispatchable
load is scheduled to consume at bus 6 € B in interval /€ Iin
association with bid lamination j € J,;
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4.3.1.9

4.3.1.10

4.3.1.11

4.3.1.12

4.3.1.13

4.3.1.14

4.3.1.15

4.3.1.16
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ES10SDL;;;, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b € B” in interval /€ Iin association with offer lamination JjE
105,
J .

b 1
ES10NDL;;;, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € B in interval /€ I'in association with offer
lamination j € J,;lg’v;

ES30RDL,;,;, which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b €

B™ in interval / € Iin association with offer lamination j e J,?BR;

ESXL; 4 Which designates the amount of energy a boundary entity
resource is scheduled to export at /ntertie zone bus d € DX in interval
i€ I in association with bid lamination k € K/;;

ES10NXL; 4, Which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource is scheduled
to provide at intertie zone bus d € DX in interval /€ I in association
with offer lamination k € K;;

ES30RXL; 4, which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide at
Intertie zone bus d € DX in interval i in association with offer
lamination k € Kf;;

ESDGInitSch;;, designates the initial schedule for a dispatchable
generation resource at bus b € BP¢; and

ESDLInitSch;;, designates the initial schedule for a dispatchable load
at bus b € BPL,
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4.3.2 For each of the following resource types, the objective function for determining
an RT LOC EOP shall maximize the value of the following expressions:

4.3.2.1 For dispatchable generation resources.

0bjDG; = z Z ESDG;p - (LMP};b - PDGLb,k)

DG E
beB keK

+ z ES10SDGy . - (L10SPL — P10SDGyp )

kexlps
+ Z ES10NDG; . - (LLONE], — P1IONDG; j, 1)
kex!pN

+ Z ES30RDG, . - (L30REY — P30RDG, ) )

30R

4.3.2.2  For dispatchable loads:.

ObjDL; = Z Z ESDLyy, ;- (PDLyyj — LMPY, )
beBDL \ jelE,

+ Z ES10SDL;p ;- (P10SDL;y, ; — L10SF), — P10SDL;p ;)

. 0S
}E.’jl’b

+ Z ES10NDL;p, ;- (LIONB}, — P1ONDL; ), ; — L10ONF},)

P ON
}Efjllb

+ Z ES30RDL;, ; - (L30RAY, — P30RDL; j, j — L30RE),)

s R
Jelds
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4.3.2.3 For an import transaction at an intertie metering point'i’ associated
with a boundary entity resource:

ObjDI; = Z z EDIG; g - (EXtLMP.Y — PIG, q)
deDl kEKiEd
+ Z ES10NIG, . - ( ExtLIONF] — P1ONIG¢ o)

10N
kEK[,d

+ Z ES30RIG, 4, - (ExtL30RF}g — P30RIGyq )

30R
keK?S

4.3.2.4  For an export transaction at an /intertie metering point'i’ associated
with a boundary entity resource:

ObjDX; = Z Z ESXLig " (PXLeg — ExtLMFY)
debXx \ jejf,

+ Z ES10NXL;q,; - (EXUL10NF]G — PLONXLy,q,)

;110N
JEJig

+ Z ESBORXLi_dJ-(ExtBORPfg —PBORXLLM)

.~ T30R
J€lia

4.4 Constraints

44.1 The constraints described in this section 4.4 shall apply to the objective functions
used for the RT LOC EOP calculation.
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Scheduling Variable Bounds

4.4.2 No RT LOC EOP shall be negative, nor shall any RT LOC EOP exceed the offer or
bid quantity for energy or the offer quantity for operating reserve. Therefore, for
all intervals /€ I

0 < ESDL;),; < QDLyy; for all b € BP:,j € Jf,;

0 < ES10SDL;j;,; < Q10SDL;y; for all b € BPL,j € 135,

0 < ES10NDL;}, ; < Q1ONDL;), ; for all b € BPL,j € J1OV,
0 < ES30RDL;;,; < Q30RDL; for all b € BPL,j € J2)R,;
0 < ESDG; 1 < QDGyp for all b € BPC, k € Kf,;
0 < ES10SDG; ;. < Q10SDGy for all b € BPS, k € K}\*;
0 < ES10NDG; ) < Q1ONDG; for all b € BPS, k € K}V;
0 < ES30RDG; ;,x < Q30RDG; for all b € BPC, k € K2J%;
0<ESDX;q; < QXlpq; foralld € DX,j € JE4;

0 < ES10NXL;4; < QIONXL, for all d € DX, € J9V;
0 < ES30RXL;q; < Q30RXL.; for all d € DX,j € J73%;
0<ESDIigp < QIGqp for all d € DI,k € KE;;

0 < ES10NIG, 4; < Q10NIG, g for all d € DI,k € K3";
0 < ES30RIG; 4 < Q30RIGy gy for all d € DI,k € KZ3;

44.3 For a dispatchable generation resource that is not connected to the /ESO-

controlled grid and is not eligible for dispatch, its RT LOC EOP shall be set to zero
for interval 7€ 7and bus b € BP¢:

Z ESDGyp . + Z ES10SDG; ) + Z ES10NDG, . + Z ES30RDG; ) = 0

kekE, kek 1S kekioN kek R

4.4.4 For a dispatchable load that is not connected to the JESO-controlled grid and is not
eligible for dispatch, its RT LOC EOP shall be set to zero for interval 7€ 7and bus b €
BPL:

Z ESDL;p j + Z ES10SDL;y ; + z EST1ONDL;y ; + Z ES30RDL;p; =0

j€l, jenss jeriph jerist
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4.4.5 For a dispatchable load, the sum of the RT LOC EOP for all classes of operating
reserve for the resource shall not exceed its RT LOC EOP for energy for interval
i€ /and bus b € BPL:

ES10SDL, ; + z ES10NDL, ; + Z ES30RDL;;; < Z ESDLy;

jeIss jerigN jeIgR jelf,

4.4.6 For a dispatchable generation resource, its RT LOC EOP shall not exceed the
maximum available capacity for the resource for interval i€ 7and bus b € BP¢:

.
min Z QDGilb,k,Deratei,b,FGf,b l.f b€ BVG
) kekE,
AdjMaxDG;j, = 4 '
min Z QDG;p ., Derate; otherwise
kEbe

Z ESDGyp + Z ES10SDG . + Z ES10NDGyp o + Z ES30RDG; )
kekE, kek19S kekiON kekFR
< AdeQXDGi,b

44.7 Subject to section 4.4.8, the RT LOC EOP for a non-quick start resource shall be
greater than or equal to its minimum loading pointf for interval i € I and bus b €

BNeS:
Z ESDG;p ) = MinQDG),
kekf,
4.4.8 The RT LOC EOP for a non-quick start resource shall be equal to its rea/-time

schedule when it is scheduled below its minimum loading point for interval /e I
and bus b € BN?S;

If ¥yexs ASDGyp i < MinQDG, for b € BN, then:

ESDGi'ka - ASDGi,b

kekE,
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Constraints for Reliability Requirements

4.4.9 For a dispatchable generation resource, its RT LOC EOP shall be greater than or
equal to any minimum reliability constraint that is applied for interval /€ 7and
bus b € BPS:

ESDGyy,) = RELIABILITYMW,

E
kek?,

4.4.10 For a dispatchable load its RT LC EOP shall be greater than or equal to any
minimum reliability constraint that is applied for interval 7€ 7and bus b € BPL:

ESDL; = RELIABILITY MW, ,

}'E]fb

44.11 For a dispatchable generation resource its RT LOC EOP for energy shall be
greater than or equal to any regulation constraint that is applied for interval e /
and bus b € BP¢:

Z ESDG; = REGULATIONMW, ,

kekF,

4.4.12 For a dispatchable generation resource, the sum of RT LOC EOP for energy and
all classes of gperating reserve shall be less than or equal to its maximum
available capacity less the regulation constraint that is applied for interval i€ /
and bus b € BP¢:

Z ESDG;p ) + Z ES10SDG;p + Z ES10NDG; p . + Z ES30RDG; j,
kekF, kek9S ke 9N kek iR

< AdjMaxDG;;, — REGULATIONMW,,
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Constraints for Market Participant Requirements

4.4.13 For a dispatchable generation resource, its RT LOC EOP for energy shall be
greater than or equal to any minimum SEALMW; ;, constraint that is applied for
interval 7€ 7 and bus b€ BPC:

ESDG;p ) = SEALMW,,

E
kEKE'b

4.4.14 For a dispatchable load, its RT LOC EOP for energy shall be greater than or equal
to any minimum SEALMW; , constraint that is applied and the sum of RT LOC
EOP for all classes of operating reserve shall be less than or equal to the RT LOC
EOP for energy for that resource less the minimum SEALMW; ,, constraint that is
applied for interval /€ 7and bus b€ B":

Z ESDL;; > SEALMW,,

ES10SDL, ; + Z ES10NDL;;; + Z ES30RDL;,; < Z ESDL;;,; — SEALMW,,,

jerips jergh jerigk Jj€Ik,

4.4.15 For a dispatchable generation resource, the sum of its RT LOC EOPs for energy
shall be less than or equal to any maximum SEALMW; , constraint that is applied

for interval i€ 7and bus b e B?¢:

z ESDGypy < SEALMW,,

kekE,

4.4.16 For a dispatchable load, its RT LOC EOP for energy shall be less than or equal to
any maximum SEALMW; , constraint that is applied for interval /€ 7and buses
be BPL

Z ESDL;;,; < SEALMW, ,

jeIk,
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4.4.17 For a dispatchable generation resource, its RT LOC EOP for energy shall be equal

to any fixed SEALMW;  constraint that is applied for interval /€ /and bus b€
BP¢:

Z ESDG, ) = SEALMW, ,
keKF,
4.4.18 For a dispatchable load, its RT LOC EOP for energy shall be equal to any fixed

SEALMW; , constraint that is applied and equal to zero for each class of
operating reserve for interval i€ 7and bus b€ B

Z ESDLi’bJ' = SEALMVV['E,

}'E]fb
ES10SDL;j,; = 0
jeiis®
ESlONDL["bJj =0
jeripy
ES30RDL;),; = 0
JeItpR

4.4.19 For a dispatchable non-quick start resource that is not being modelled as a
pseudo-unit, its RT LOC EOP for energy shall be greater than or equal to the
COMCYCMW;, constraint that is applied for interval 7€ 7and bus b€ B”¢ :

ESDG;p = COMCYCMW,,

kekE,

4.4.20 For a dispatchable load, its RT LOC EOP for energy shall be greater than or equal
to the bid quantity for energy priced at the maximum market clearing price for
interval 7€ 7and bus be B

z ESDL;y ; = QDLFIRM;,

JEIEy
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4.4.21 For a dispatchable load, the sum of RT LOC EOPs for all classes of operating
reserve shall not exceed the RT LOC EOP for energy less the bid quantity for
energy priced at the maximum market clearing price for interval i€ 7and bus b€
B

ES10SDL;, ; + Z ES10NDL;, ; + Z ES30RDL;,,; < Z ESDL;;,; — QDLFIRM;,

JeIzss jesigN jesER jeik,

Constraints for Operating Reserve Ramping

4.4.22 For a dispatchable resource, the upper bound of the RT LOC EOP for all classes
of operating reserve shall be less than or equal to it operating reserve ramp rates
as follows:

4.4.22.1 For a dispatchable generation resource, for interval i€ /and bus b e
BPG:

ES10SDG; . + Z ES10NDG; ;1 + Z ES30RDG; . < 30 ORRDG,

108 10N 30R
keK}S keK}S keKFy

ES10SDG; . + Z ES10NDG; ;. < 10 - ORRDG,

105 10N
kEK(,IJ kEKi,b

4.4.22.2 For a dispatchable load, for interval i€ 7and bus b€ B

ES10SDL;, ; + Z ES10NDL; ), ; + Z ES30RDL;,,; < 30 ORRDL,

f— 1108 i~ 710N i 130R
J€Jip JEJip JElip

ES10SDL; ), ; + Z ES10NDL;;, ; < 10 ORRDL,

.~ 1108 T
JEJip JEJip

4.4.23 For a dispatchable generation resource with RLP10S;,, > 0, the amount of ten-
minute operating reserve that a dispatchable generation resource is scheduled to
provide shall be less than or equal to its reserve loading point for ten-minute
operating reserve:

Page 62 of 67 Public IMO_FORM_1087v12.10
REV-21-06



ES10SDG; p 1

108
keK; )

1
L

E 108
kekE, KEK]S

4.4.24 For all dispatchable generation resources with RLP30R; , > 0, the amount of

thirty-minute operating reserve that a dispatchable generation resource is
scheduled to provide shall be less than or equal to its reserve loading point for
thirty-minute operating reserve:

ES30RDG,

30R
KkeKED

1
< Z ESDG["ka (W()Rb) min SOORRDGb, Z QBORDGi.b’k
L

E 30R
kekE, keK3)

Constraints for Energy Ramping

4.4.25 With the exception of the first interval of each dispatch day, the RT LOC EOP
shall use its RT LOC EOP for the prior interval as its initial starting point as
follows:

4.4.25.1 For a dispatchable generation resource, its RT LOC EOP for energy
cannot vary by more than five minutes of the resource’s energy
ramping capability for interval i € I and bus b € BP¢:

ESDGInitSch;), — 5 - DRRDG;},,, < Z ESDGj . < ESDGInitSch;, + 5 URRDG,
kekf,
4.4.25.2 For a dispatchable load, its RT LOC EOP for energy cannot vary by

more than five minutes of the resource’s energy ramping capability
for interval i € I and bus b € BPL:

ESDLInitSch;j, — 5+ DRRDL;},, < Z ESDL;;,; < ESDLInitSch;;, + 5 URRDL,,,

feffb
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Constraints for Pseudo-Units

4.4.26 For a pseudo-unit, its RT LOC EOP for energy for the dispatchable region and
duct firing region shall be less than or equal to the respective maximum
capabilities for those regions for interval i € I and bus b € B”SU:

ESDGi'b,k < MCUCDRL:Jb

DR
kEKf}b

ESDGi’ka < MCLXDFi'b

DF
kEKi,b

4.4.27 For a pseudo-unit, the sum of its RT LOC EOP for energy and the RT LOC EOPs
for all classes of operating reserve shall be less than or equal to the sum of the
maximum capabilities for its dispatchable region and duct firing region for
interval i € 1and bus b € BPSU

Z ESDGyp 1 + Z ESDGyp . + Z ES10SDGyp . + Z ES10NDG;

kekf kek kek!ps kek N
+ Z ES?)ORDGi,b,k < M(IXDRLb + MaxDFi'b
kexpR

4.4.28 For a pseudo-unit that cannot provide ten-minute operating reserve in from its
duct firing region, the following constraint shall apply:

Z ESDGy . + Z ES10SDG; . + Z ES10NDG; , . < MINQDG, + QDR;

KEK[, kekDs kek N
4.5 Outputs
4.5.1 The RT LOC EOPs used for settlementfor energy and operating reserve for all

resources except pseudo-units for each hour of the dispatch day shall be the
sum of each RT LOC EOP variable determined by the objective function in section
4.3 for that resource, subject to constraints in section 4.4 applicable for that
resource determined as follows:
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DGEnergyEOPL¢ = Z ESDG;

keKE,

DG1O0NEOP[)¢ = Z ES10NDG; p i

10N
kEKED

DLEnergyEOP}¢ = Z ESDL;;

JEJ'l,b

DL1ONEOP}(¢ = Z ES10NDL;y, ;

: 10N
JElip

DIEnergyEOP})C = Z ESDI;p

E
kekE,

DI1ONEOPC = z ES10NDI; p g

10N
KEKE

DXEnergyEOPH¢ = z ESDX;),

fefl,b

DXlONEOPwC Z ES10NDX

s= 710N
J€lip

i,b,j

DG10SEOPLC = Z ES105DG, p,

108
keK}D

DG30REOPH = Z ES30RDG; 1.

30R
keKED

DL10SEOPL2¢ = Z ES10SDL

T0S
J'Eij

ib,j

DL30REOP[C = Z ES30RDLy

. ZT30R
JElip

DI30REOPHC = Z ES30RDI; p i

30R
kEK; )

DX30REOP}C = Z ES30RDX;,, ;

30R
fe]tb

4.5.2 The RT LOC EOPs for energy and operating reserve for a pseudo-unit for each
interval of the dispatch hour, which will be used for converting the RT LOC EOPs
to physical resource equivalents in accordance with sections 4.5.3 to 4.5.4, shall

be determined as follows:
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PSUMLPEnergyEOPH)® = Z ESDG;p

MLP

PSUDREnergyEOP/(¢

ESDG; p i

kekBR

PSUDFEnergyEOPE¢ Z ESDG,pk
kekbf

PSU10SEOPHC = Z ES10SDG;p

L,
1058
kek!y

PSU10NEOP}¢ = Z ES10NDG;

10N
KEK]S

PSU30REOP/¢ = Z ES30RDG;p

30R

Conversion of RT LOC EOPs for Pseudo-Units to Physical Resource Equivalents

4.5.3 The RT LOC EOP energy and operating reserve for a combustion turbine and
steam turbine that is associated with pseudo-unit k € {1, ..., K} in interval i shall
be determined as follows:

CTEnergyEOP;
= PSUMLPEnergyEOP{?¢ - CTShareMLP, + PSUDREnergyEOP/}?¢

- CTShareDR;,

STEnergyEOP;
= PSUMLPEnergyEOP}}¢ - STShareMLP), + PSUDREnergyEOP})¢

L

- STShareDRy, + PSUDFEnergyEOP[(¢

4.5.4 The RT LOC EOPs used for settlement for operating reserve for a combustion
turbine and a steam turbine that is associated with pseudo-unitk € {1, ...,K} in
interval i shall be determined as follows and in the following order for each class
of operating reserve:
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RoomDR;; = QDR;; — PSUDREnergyEOP{2¢

L

10SDR;; = min(RoomDR,; ., PSU10SEOP!¢

L
10NDR; ), = min(RoomDR; ;. — 10SDR; ;,, PSUIONEOP{¢
30RDR;;, = min(RoomDR; j — 10SDR; ;. — 10NDR, ;,, PSU30REOP}2¢

CT10SEOP;;, = 10SDR; - CTShareDR,
ST10SEOP;), = 10SDR; . - STShareDRy + (PSULONEOP;?¢ — 10SDR; ;)

CT10NEOP;; = 10NDR, - CTShareDR;

ST10NEOP; ) = 10NDR;; - STShareDR,, + (PSULONEOP/]¢ — 10NDR; ;)
CT30REOP;; = 30RDR), - CTShareDR

ST30REOP;;, = 30RDR; . - STShareDR, + (PSU30REOP{?° — 30RDR; ;)

Page 67 of 67 Public IMO_FORM_1087v12.10
REV-21-06



	Market Rule Amendment Proposal Form
	Part 1 - Market Rule Information
	Part 2 - Proposal History
	Part 3 - Explanation for Proposed Amendment
	Summary
	Background
	Discussion

	Part 4 - Proposed Amendment

	Appendix 7.8 – Economic Operating Point
	1. Introduction
	1.1 Purpose

	2. Day-Ahead Market Lost Cost Economic Operating Point
	2.1 Purpose
	2.2 Sets, Indices and Parameters used in the DAM LC EOP Calculation
	Fundamental Sets and Indices
	Market Participant Data Parameters
	IESO Data Parameters
	Constraint Violation Variables


	2.3 Objective Functions
	2.4 Constraints
	Scheduling Variable Bounds
	Constraints for Regulation Requirements
	Constraints for Market Participant Requirements
	Constraints for Operating Reserve Ramping
	Constraints for Pseudo-Units
	Constraints for Resources with Linked Forebays

	2.5 Calculation of DAM LC EOP for Resources with a Linked Forebay Under Certain Conditions
	2.6 Outputs

	3. Real-Time Market Lost Cost Economic Operating Point
	3.1 Purpose
	3.2 Sets, Indices and Parameters used by the Real-Time Lost Cost Economic Operating Point Calculation
	Fundamental Sets and Indices
	Market Participant Data Parameters
	IESO Data Parameters

	3.3 Objective Functions
	3.4 Constraints
	Scheduling Variable Bounds
	Constraints for Regulation Requirements
	Constraints for Market Participant Requirements
	Constraints for Operating Reserve Ramping
	Constraints for Pseudo-units

	3.5 Outputs

	4. Real-Time Market Lost Opportunity Cost Economic Operating Point
	4.1 Purpose
	4.2 Sets, Indices and Parameters Used by the Real-Time Market Lost Opportunity Cost Economic Operating Point
	Fundamental Sets and Indices
	Market Participant Data Parameters
	IESO Data Parameters

	4.3 Objective Functions
	4.4 Constraints
	Scheduling Variable Bounds
	Constraints for Reliability Requirements
	Constraints for Market Participant Requirements
	Constraints for Operating Reserve Ramping
	Constraints for Energy Ramping
	Constraints for Pseudo-Units

	4.5 Outputs





