Market Rule Amendment Proposal Form
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Identification No.:

MR-00458-R00

Subject:

Market Renewal Program: The Day-Ahead Market Calculation

Engine

Title:
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Nature of Proposal:
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Appendix 7.5A — The DACP Calculation Engine Process — delete
in its entirety
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December 1, 2021

Part 2 - Proposal History

Version | Reason for Issuing Version Date

1.0 Draft for Stakeholder Review February 4, 2022
2.0 Draft for Stakeholder Review July 8, 2022

3.0 Draft for Stakeholder Review March 13, 2024

Approved Amendment Publication Date:

Approved Amendment Effective Date:
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Part 3 - Explanation for Proposed Amendment

Summary

Insert Text Here
Background
Insert Text Here
Discussion
Insert Text Here

Part 4 - Proposed Amendment

Note: The proposed amendments to Appendix 7.5 — The Day-Ahead Market Calculation Engine,
while not shown as (redlined) changes to existing market rules, represent entirely new
sections in the market rules.
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Appendix 7.5 — The Day-Ahead Market
Calculation Engine Process

1.1

1.1.1

2.1

2.1.1

Purpose

This appendix describes the process used by the day-ahead market calculation engine
to determine commitments, schedules and prices for the day-ahead market.

Day-Ahead Market Calculation Engine

Passes of the Day-Ahead Market Calculation Engine

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

2.1.1.1 Pass 1, the Market Commitment and Market Power Mitigation Pass in
accordance with section 7;

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

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

Information Used by the Day-Ahead
Market Calculation Engine

3.1.1 The day-ahead market calculation engine shall use the information in section 3A.1 of
Chapter 7.
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4 Sets, Indices and Parameters Used in
the Day-Ahead Market Calculation
Engine

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

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

413 BPRL ¢ B designates the set of buses identifying price responsive loads;

4.1.4 BPL € B designates the set of buses identifying dispatchable loads;

4.1.5 BPR ¢ B designates the set of buses identifying hourly demand response resources;

4.1.6 BYP¢ c B designates the set of buses identifying non-dispatchable generation
resources;

4.1.7 BP¢ C Bdesignates the set of buses identifying dispatchable generation resources;

4.1.8 BN c BPC designates the subset of buses identifying dispatchable non-quick start
resources;

419 BU ¢ BVOS designates the subset of buses identifying pseudo-units;

41.10 B¢ c BPC¢ designates the subset of buses identifying dispatchable variable
generation resources,

4.1.11 BFIR c BPC designates the subset of buses identifying energy limited resources;

4.1.12 B"E ¢ BPC designates the subset of buses identifying dispatchable hydroelectric
generation resources;

4.1.13 Bf ¢ BHE designates the subset of buses identifying dispatchable hydroelectric
generation resources in set s € SHE:

4114  o(B"F) designates the set of all subsets of the set BHE;

4.1.15 BUHI’,E c @(B"F) designates the set of buses identifying all upstream dispatchable
hydroelectric generation resources with a registered forebay that are linked via time
lag and MWh ratio dispatch data with downstream dispatchable hydroelectric

generation resources with a registered forebay;

Page 4 of 167 Public IMO_FORM _1087v13.00
REV-21-06



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

4.1.17 BREG < B designates the set of internal buses in operating reserve region r € ORREG,

4.1.18  ByT < B™V designates the subset of buses identifying pseudo-units with a share of
steam turbine resource p € PST,

41.19  BVOODF c pPSU designates the subset of buses identifying pseudo-units that cannot
provide ten-minute operating reserve from the duct firing region;

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

4.1.21 D designates the set of buses outside Ontario, corresponding to imports and exports at
intertie zones,

4.1.22  DMPRel c D designates the set of global market power reference intertie zones, and
boundary entity resources for those interties;

4.1.23 DREC € D designates the set of intertie zone buses identifying boundary entity
resources in operating reserve region r € ORREG,

4.1.24 DX © D designates the subset of intertie zone buses identifying boundary entity
resources that correspond to export bids;

4.1.25 DI € D designates the subset of infertie zone buses identifying boundary entity
resources that correspond to import offers;

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

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

4.1.28 DI, € D, designates the subset of intertie zone buses identifying boundary entity
resources that correspond to import offers in intertie zone a € A;

4.1.29 DXEM € DX designates the intertie zone buses corresponding to emergency energy
export transactions for hour 4 € {1,..,24};

4.1.30 DXV € DX designates the intertie zone buses corresponding to inadvertent energy
payback export transactions for hour A € {1,..,24};
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4.1.31 DIEM € DI designates the intertie zone buses corresponding to emergency energy
import transactions for hour 4 € {1,..,24};

EMNS EM i : : .

4.1.32 DI C DI” designates the intertie zone buses corresponding to emergency energy
import transactions that do not support emergency energy export transactions in hour
he{l,..,24};

4.1.33 DIINP € DI designates the intertie zone buses corresponding to inadvertent energy
payback import transactions for hour A € {1,..,24};

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

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

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

4.1.37 ],b,: ,, designates the set of bid laminations for energy at b € BU DXU VB for hour 4 €
{1,.,24};

4.1.38 ],11,(},5 designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b € Bfor hour h € {1,..,24};

4.1.39 / r}]’obs designates the set of reference level value laminations for synchronized ten-
minute operating reserve at bus b € Bfor hour A € {1,..,24};

4.1.40 ]}L%N designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BU DX for hour 4 € {1, ..,24};

4.1.41 ],;{2” designates the set of reference level value laminations for non-synchronized ten-
minute operating reserve at bus b € Bfor hour A € {1, ..,24};

4.1.42 Ji ,ffl),R designates the set of offer laminations for thirty-minute operating reserve at bus
b€ BU DX for hour A€ {1,..,24};

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

4.1.44 K,’f » designates the set of offer laminations for energy at bus b€ BUD/IU VO for hour
hef{l,..,24}
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4.1.45 K f ,, designates the set of reference level value laminations for energy at bus b€ B
for hour A € {1, ..,24};

4.1.46 Kg‘; c K,"j ,, designates the set of offer laminations for energy corresponding to the
duct firing region of a pseudo-unit at bus b € BYin hour 4 € {1, ..,24};

4.1.47 KZ‘E c K,‘f », designates the set of offer laminations for energy corresponding to the
dispatchable region of a pseudo-unit at bus b € B*Vin hour A € {1,..,24};

4.1.48 Kﬂ;MLP designates the set of offer laminations for energy quantities up to the minimum
loading point for a non-quick start resource at bus b € BV%in hour h € {1,..,24};

4.1.49 K, ,’f,?‘”" designates the set of reference level value laminations for energy quantities up
to the minimum loading point reference level for a non-quick start resource at bus
b € BVSinhour h € {1,..,24};

4.1.50 K}Lobs designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b € Bfor hour h € {1,..,24};

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

4.1.52 K35 designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BU DI for hour h € {1, ..,24};

4.1.53 K, ,}2"’ designates the set of reference level value laminations for non-synchronized
ten-minute operating reserve at bus b € Bfor hour h € {1, ..,24};

4.1.54 Kif)bR designates the set of offer laminations for thirty-minute operating reserve at bus
be BU DI forhour h € {1,..,24};

4.1.55 K if’bR designates the set of reference level value laminations for thirty-minute
operating reserve at bus b € Bfor hour A € {1,..,24};

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

4.1.57  L}P* € L designates the buses contributing to the zonal price for non-dispatchable
load zone y €Y

4.1.58  LVIRT c [ designates the buses contributing to the virtual zonal price for virtual
transaction zone m € M,
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4.1.59 M designates the set of virtual transaction zones;
4.1.60 NCA designates the set of narrow constrained areas,
4.1.61 DCA designates the set of dynamic constrained areas;
4.1.62 B(CA designates the set of broad constrained areas;
4.1.63 PST designates the set of steam turbine resources offered as part of a pseudo-unit;
4.1.64 SHE designates the set indexing the sets of dispatchable hydroelectric generation
resources with a maximum daily energy limit or a minimum daily energy limit or both
for a registered forebay;
4.1.65 V' designates the set of offers and bids for energy corresponding to virtual
transactions;,
4.1.66 VB C Vdesignates the set of bids for energy corresponding to virtual transactions;
4.1.67 VO < Vdesignates the set of offers for energy corresponding to virtual transactions;
4.1.68 V, © Vdesignates the set of offers and bids for energy corresponding to virtual
transactions at virtual transaction zone m € M;
4.1.69 VB, € V,, designates the set of bids for energy corresponding to virtual transactions
at virtual transaction zone m € M;
4.1.70 VO,, € V,, designates the set of offers for energy corresponding to virtual
transactions at virtual transaction zone m € M
4.1.71 Ydesignates the non-dispatchable load zones in Ontario; and
4.1.72 Zscn, designates the set of all intertie limit constraints.
4.2 Market Participant Data Parameters
42.1 With respect to a non-dispatchable generation resource identified by bus b € BVP¢:
4.2.1.1 @NDG, , , designates the maximum incremental quantity of energy that
may be scheduled in hour A € {1,.,24} in association with offer lamination
k€ K} p; and
42.1.2 PNDG, ;,  designates the price for the maximum incremental quantity of
energy in hour A € {1,..,24} in association with offer lamination & € K,’f b
422 With respect to a dispatchable generation resource identified by bus b € 5P
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4.2.2.1

4222

4223

4224

4225

4.2.2.6

4.2.2.7

4228

4229

4.2.2.10

4.2.2.11

4.2.2.12

4.2.2.13
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MinQDG), designates the minimum loading point;

QDG p, i designates the maximum incremental quantity of energy above
the minimum loading point that may be scheduled in hour 4 € {1, ..,24}
in association with offer lamination k € K,‘f b

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

K,’ib;

Q105DGy, ;, i designates the maximum incremental quantity of
synchronized fen-minute operating reserve in hour h € {1,..,24} in
association with offer lamination k& € K}fbs;

P10S5DG} i designates the price for the maximum incremental quantity of
synchronized fen-minute operating reserve in hour h € {1,..,24} in

association with offer lamination k € ,,f)bs;

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

association with offer lamination k& € K}be ;

P1ONDG}, i designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in hour h € {1, ..,24} in
association with offer lamination k € K},f)b/v ;

@30RDG), p, i designates the maximum incremental quantity of thirty-
minute operating reserve in hour 4 € {1, ..,24} in association with offer
lamination k € [(,37’01?;

P30RDG}, ;i designates the price of the maximum incremental quantity of
thirty-minute operating reserve in hour A € {1, ..,24} in association with
offer lamination k € Kf,,OR;

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

NumRRDGy, ;, designates the number of ramp rates provided in hour h €
{1,..,24};

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

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

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

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

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

4223 With respect to a dispatchable non-quick start resource identified by bus b € BVeS:
4.2.3.1 SUDG}, , designates the start-up offer in hour A € {1, ..,24};

4232 SNLy, ;, designates the speed no-load offer in hour h € {1, ..,24};

4233 MGBRTDG,, designates the minimum generation block run-time,

4234 MGBDTDG,, designates the minimum generation block down-time;

4235 MaxStartsDG,, designates the maximum number of starts per day;

4.2.3.6 RampHrs,, designates the ramp hours to minimum loading point;

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

4.23.8 QLTMLE, p, x designates the maximum incremental quantity of energy up
to the minimum loading point that may be scheduled in hour 4 €
{1, ..,24} in association with offer lamination k € KL,]’ZMLP ;

4239 PLTMLP, ;, ; designates the price for the maximum incremental quantity of
energy up to the minimum loading point that may be scheduled in hour
h € {1,..,24} in association with offer lamination k€ KZ,MLP ; and

42.3.10 MGODG, designates the minimum generation cost to operate at minimum
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loading point in hour h€{1, . .,24}. This parameter is calculated as
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follows:

MGODGRJD = SNLh,b + Z PLTMLPh,b,k " QLTMLPH'UJ]{

kekETMLP
4.2.4 With respect to an energy limited resource identified by bus b € BFLR:

4.24.1 MaxDEFEL, designates the maximum daily energy limit for a single resource
with or without out a registered forebay.

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

4.2.5.1 MinHMR}, ;, designates the hourly must-run value for the resource in hour
he{l,..,24}

4252 MinHOy ;, designates the minimum hourly output for the resource in hour
hef{l,..,24}

4253 MinDEL, designates the minimum daily energy limit for a single resource
with or without a registered forebay;

4254 MaxStartsHE), designates the maximum number of starts per day for the
resource;

4255  StartMW,;for i€{1, .., NStartMW,} designates the start indication value
for measuring maximum number of starts per day; a start is counted
between hours h and (4 + 1) if the schedule increases from below
StartMW},; to at or above StartMW,, ;; and

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

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

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

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

4.2.7 With respect to a dispatchable hydroelectric generation resource for which a MWh
ratio was respected
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4.2.7.1

4.2.7.2

4.2.7.3

LNK S BlFx BljY designates the set of linked dispatchable hydroelectric

generation resources, where LNK is a set with elements of the form (b,
by) and b; € Bliz and b, € Bljy;

Lagy, », € {0, .., 23} designates the time lag in hours between upstream
dispatchable hydroelectric generation resources b; € Bgf and downstream

dispatchable hydroelectric generation resources b, € B for (b;,by) €
LNK; and

MWhRatioy, ;,, designates the MWh ratio between upstream dispatchable
hydroelectric generation resources b; € BquE and downstream

dispatchable hydroelectric generation resources b, € B for (b;,by) €
LNK.

428 With respect to a pseudo-unit identified by bus b € B™V:

4.2.8.1

4.2.8.2

4.2.8.3

4.2.84

STShareMLP, designates the steam turbine resource’s share of the
minimum loading point region;

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

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

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

429 With respect to a dispatchable load identified by bus b € BP:

4.2.9.1

4.29.2

4293
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@DLy, ), ; designates the maximum incremental quantity of energy that may
be scheduled in hour 4 € {1, ..,24} in association with bid lamination j €

E .
/]],ba

PDLy, ), ; designates the price for the maximum incremental quantity of
energy in hour A € {1, ..,24} in association with bid lamination j € /,’;F, b

@108DL;, 1, ; designates the maximum incremental quantity of
synchronized fen-minute operating reserve that may be scheduled in hour

h € {1,..,24} in association with offer lamination j € /,1,2)5;
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4294

4.2.9.5

4.2.9.6

4.2.9.7

4.29.8

4299

4.2.9.10

4.29.11

4.2.9.12

4.2.9.13

4.2.9.14
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P10SDLy j,; designates the price for the maximum incremental quantity of
synchronized fen-minute operating reserve in hour h € {1,..,24} in
association with offer lamination j € /,1,,%5;

Q10NDLy ), ; designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve that may be scheduled in hour
h € {1,..,24} in association with offer lamination j € /}11,0bN ;

P1ONDLy, ;,; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in hour h € {1,..,24} in

association with offer lamination j € ]}}%N ;

@30RDLy, ), ; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in hour 4 € {1,..,24} in
association with offer lamination j€ /9%

P30RDLy, ;,; designates the price for the maximum incremental quantity of
thirty-minute operating reserve in hour h € {1, ..,24} in association with
offer lamination j € /,31%}3;

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

NumRRDL}, , designates the number of ramp rates provided in hour h €
{1,..,24};

RmpRngMaxDL, , forw € {1,.,NumRRDL,} designates the wi ramp
rate break point in hour h € {1, .. ,24};

URRDL,,,, forw € {1,.,NumRRDLy, },} designates the ramp rate in MW
per minute at which the dispatchable load can increase its amount of
energy consumption in hour h € {1, ..,24} while operating in the range
between RmpRngMaxDL hbow-1 and RmpRngMaxDL where

RmpRngMaxDL,, , oshall be equal to zero;

h,bw’

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

QDLFIRM,, , designates the quantity of energy that is bid at the maximum
market clearing price in hourh € {1,..,24}.
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42.10  With respect to an hourly demand response resource identified by bus b € BPR:

4.2.10.1

4.2.10.2

4.2.10.3

4.2.10.4

QHDR, , designates the maximum incremental quantity of reduction in
,0,]

energy consumption that may be scheduled in hour 4 € {1, ..,24} in
association with bid lamination j € /,’;F, b

PHDR,,,; designates the price for the maximum incremental quantity of
reduction in energy consumption for hour 4 € {1, ..,24} in association
with bid lamination j € /,’;F, b

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

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

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

4.2.11.1

4.2.11.2

42.11.3

@PRL, , designates the maximum incremental quantity of energy that may
be scheduled in hour A € {1,..,24} in association with bid lamination j €

£
Ji b

PPRL, ;, ; designates the price for the maximum incremental quantity of
energy in hour A € {1, ..,24} in association with bid lamination j € ],’;F, b
and

QPRLFIRM}, ;, designates the quantity of energy that is bid at MMCP in
hour A € {1,..,24}.

4.2.12 With respect to a virtual transaction:

4.2.12.1

4.2.12.2

4.2.12.3
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QVBy,, ; designates the maximum incremental quantity of energy that may
be scheduled in hour 4 € {1, ..,24} from a virtual zonal resource ve VB
in association with bid lamination j € /; ,;

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

QV0,, ,, designates the maximum incremental quantity of energy that may
be scheduled in hour A € {1, ..,24} from a virtual zonal resource v€ VO
in association with offer lamination kK € K,’f 5 and
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42.12.4  PVO,, designates the price for the maximum incremental quantity of
energy in hour h € {1, ..,24} from a virtual zonal resource ve€ VO in
association with offer lamination k € K,b; ”

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

42.13.1  QIGy 44 designates the maximum incremental quantity of energy that may
be scheduled to import in hour 4 € {1,..,24} in association with offer
lamination kK € K,b; &

42.13.2  PIGy 4 designates the price for the maximum incremental quantity of
energy that may be scheduled to import in hour 4 € {1,..,24} in
association with offer lamination k € K,‘f &

42.13.3  Q10NIG} 4 designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to
provide in hour /4 € {1, ..,24} in association with offer lamination k €

blo;v ,

42.13.4  PLONIG) ; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in hour 4 € {1,..,24} in
association with offer lamination k€ K3%";

42.13.5 (@30RIGy 4 designates the the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled to provide in hour 4 €
{1, ..,24} in association with offer lamination k € hf)f; and

42.13.6  P30RIGp 4 designates the price for the maximum incremental quantity of
thirty-minute operating reserve in hour h € {1, ..,24} in association with
offer lamination X € K%f)f.

4.2.14 With respect to a boundary entity resource export to intertie zone bus d € DX, where
the locational marginal price represents the price for the intertie metering point:
42.14.1 QXL ,;designates the maximum incremental quantity of energy that may

be scheduled to export in hour 4 € {1, ..,24} in association with bid
lamination j € /,b; &

42142 PXL,,;designates the price for the maximum incremental quantity of
energy that may be scheduled to export in hour 4 € {1, ..,24} in
association with bid lamination j € /,’;F, &
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4.2.14.3  Q10NXL, 4;designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled to

provide in hour /4 € {1, ..,24} in association with offer lamination j €
10N.

h,d »

4.2.144  P10NXL, ,; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in hour h € {1, ..,24} in
association with offer lamination j € J 111?(}\1 ;

42.14.5  @30RXL; ,;designates the maximum incremental quantity of thirty-minute
operating reserve that may be scheduled to provide in hour 4 € {1, ..,24}
in association with offer lamination j € £%F%; and

4.2.14.6  P30RXLj 4;designates the price for the maximum incremental quantity of
thirty-minute operating reserve in hour A € {1, ..,24} in association with
offer lamination j € /f,?dR.

4.2.15 With respect to a linked wheeling through transaction:
4.2.15.1 L, € DXX DIdesignates the set of linked boundary entity resource import
and export buses corresponding to linked wheeling through transactions,
where Ly, is a set with elements of the form (dx, di) and dx € DX and
di€ DI.
4.3 IESO Data Parameters
43.1 Variable Generation Forecast
4.3.1.1 FG}, , designates the JESO’s centralized variable generation forecast for a
variable generation resource identified by bus b € B"¢ in hour
he{1,.24}.
4.3.2 Variable Generation Tie-Breaking
43.2.1 NumV{G designates the number of variable generation resources in the
daily dispatch order; and
4322 TBMy€ {1, .., NumVG} designates the tie-breaking modifier for the
variable generation resource at bus b€ B"C,
433 Operating Reserve Requirements
433.1 TOT10S5),designates the synchronized ten-minute operating reserve
requirement;
4332 TOT10R,, designates the total ten-minute operating reserve requirement;
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4333 TOT30R,, designates the thirty-minute operating reserve requirement;

4334 ORREG designates the set of regions for which regional operating reserve
limits have been defined;

4335 REGMin10R,, , designates the minimum requirement for total ten-minute
operating reserve in region r€ ORREG in hour h € {1, ..,24};

4.3.3.6 REGMiIn30 R, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in hour h € {1,..,24};

4.3.3.7 REGMax10 Ry, . designates the maximum amount of total fen-minute
operating reserve that may be scheduled in region r € ORREG in hour h €
{1,..,24}; and

43.3.8 REGMax30Ry, . designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r € ORREG in hour h €
{1,..,24}.

434 Intertie Limits

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

4.34.2 MaxExtSchy, , designates the maximum flow limit for intertie flow
constraint z € Zg,in hour 4 € {1, ..,24};

4343 ExtDSC), designates the net interchange scheduling limit for when the net
flows over all interties from hour (A — 1) to hour h decrease; and

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

4.3.5 Resource Minimum and Maximum Constraints
43.5.1 Where applicable the minimum or maximum output of a dispatchable
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generation resource or a non-dispatchtable generation resource and
minimum or maximum consumption of a dispatchable load may be
limited due to reliability constraints, applicable contracted ancillary
services, outages, derates, and other constraints, such that:
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43.5.1.1 MinDL, ; designates the most restrictive minimum
consumption limit for the dispatchable load in hour h at bus
b€ B,

4.3.5.1.2 MaxDL,, designates the most restrictive maximum
consumption limit for the dispatchable load in hour h at bus
be B,

4.3.5.1.3 MinNDG},, designates the most restrictive minimum output
limit for the non-dispatchable generation resource in hour h at
bus b € BVPG:

43.5.1.4 MaxNDG} , designates the most restrictive maximum output
limit for the non-dispatchable generation resource in hour h at
bus b€ BVPG:

4.3.5.1.5 MinDGy ) designates the most restrictive minimum output limit
for the dispatchable generation resource in hour h at bus b €
BDG.

4.3.5.1.6 MaxDG), ) designates the most restrictive maximum output
limit for the dispatchable generation resource in hour h at bus
be BP¢;

43.5.1.7 MaxMLPF,;, designates the maximum output limit in hour h for
the minimum loading point region of a pseudo-unit at bus b €
BPSU.

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

4.3.5.1.9 MaxDF;,, designates the maximum output limit in hour h for
the duct firing region of a pseudo-unit at bus b € B™Y.

4.3.6 Constraint Violation Penalties
4.3.6.1 (PLdViolSchy,, QLdViolSchy, ) for 1 € {1, .., Nyqyis,} designate the price-

quantity segments of the penalty curve for under generation used by the

As-Offered Scheduling algorithm in section 8, Reference Level

Scheduling algorithm in section 12, Mitigated Scheduling algorithm in

section 15, Reliability Scheduling algorithm in section 18, and DAM

Scheduling algorithm in section 20;

43.6.2  (PLdViolPrcy,QLdViolPrcy)) for i € {1, .., Nyay;,} designate the price-
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quantity segments of the penalty curve for under generation used by the
As-Offered Pricing algorithm in section 9, Reference Level Pricing
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4.3.6.3

4.3.64

4.3.6.5

4.3.6.6

4.3.6.7

4.3.6.8

4.3.6.9
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algorithm in section 13, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

(PGenViolSchy,;,QGenViolSchy,;) for 1 € {1, .., Ngepyioy,} designate the
price-quantity segments of the penalty curve for over generation used by
the As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PGenViolPrcy, ,QGenViolPrcy;) for i € {1,.., Ngeqyior,} designate the
price-quantity segments of the penalty curve for over generation used by
the As-Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

(P10SViolSchy, , Q10SViolSchy, ;) for 1 € {1, .., Nigsyior,} designate the
price-quantity segments of the penalty curve for the synchronized fen-
minute operating reserve requirement used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;

(P10SViolPrcy,,, @Q108ViolPrcy,)) for i € {1, .., Nygsyioy,} designate the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section 13,
Mitigated Pricing algorithm in section 16, and DAM Pricing algorithm in
section 21;

(P1ORViolSchy,;, Q10 RViolSchy,;) for i € {1, .., Niggyis,} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;

(PLORViolPrcy,;, Q10 RViolPrcy,) for 1 € {1, .., Niggyior,} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the As-Offered Pricing algorithm
in section 9, Reference Level Pricing algorithm in section 13, Mitigated
Pricing algorithm in section 16, and DAM Pricing algorithm in section 21;

(P30RViolSchy,,;, @30 RViolSchy,;) for i € {1, .., N30 gy} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
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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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operating reserve requirement used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;

(P30RViolPrcy,;, @30 RViolPrcy,) for 1 € {1, ..,N3ogyio,} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the As-Offered Pricing algorithm
in section 9, Reference Level Pricing algorithm in section 13, Mitigated
Pricing algorithm in section 16, and DAM Pricing algorithm in section 21;

(PREG10RViolSchy, , QREG10 RViolSchy, ) for 1 € {1, ..,Nregirorvior,}
designate the price-quantity segments of the penalty curve for area total
ten-minute operating reserve minimum requirements used by the As-
Offered Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

(PREG10RViolPrcy, ;, QREG10 RViolPrcy)) for i € {1,..,Nggeiorvion,}
designate the price-quantity segments of the penalty curve for area total
ten-minute operating reserve minimum requirements used by the As-
Offered Pricing algorithm in section 9, Reference Level Pricing algorithm
in section 13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(PREG30RViolSchy, ;, QREG30 RViolSchy,;) for 1 € {1, .., Nrggzorvior,}
designate the price-quantity segments of the penalty curve for area thirty-
minute operating reserve minimum requirements used by the As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling algorithm
in section 12, Mitigated Scheduling algorithm in section 15, Reliability
Scheduling algorithm in section 18, and DAM Scheduling algorithm in
section 20;

(PREG30RViolPrcy,;, QREG30RViolPrcy,)) for 1 € {1, .., Nregzorvior,}
designate the price-quantity segments of the penalty curve for area thirty-
minute operating reserve minimum requirements used by the As-Offered
Pricing algorithm in section 9, Reference Level Pricing algorithm in
section 13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(PXREG10RViolSchy, ;, QXREG10 RViolSchy, ;) for
i € {1,.., Nxgeciorviol,} designate the price-quantity segments of the

penalty curve for area total fen-minute operating reserve maximum
restrictions used by the As-Offered Scheduling algorithm in section 8,
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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
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Reference Level Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section 18,
and DAM Scheduling algorithm in section 20;

(PXREG10RViolPrcy,;, QXREG10 RViolPrcy,) for 1 € {1, .. ,Nxggciorvior,}
designate the price-quantity segments of the penalty curve for area total
ten-minute operating reserve maximum restrictions used by the As-
Offered Pricing algorithm in section 9, Reference Level Pricing algorithm
in section 13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(PXREG30RViolSch,, ;, QXREG30 RViolSchy,;) for i € {1, .., Nyrgasorviol,}
designate the price-quantity segments of the penalty curve for area total
thirty-minute operating reserve maximum restrictions used by the As-
Offered Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

(PXREG30RViolPrcy, ;, QXREG30 RViolPrcy, ;) for

i € {1,.., Nxgecsorvioy,} designate the price-quantity segments of the
penalty curve for area total thirty-minute operating reserve maximum
restrictions used by the As-Offered Pricing algorithm in section 9,
Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

(PPrelTLViolSchyy,;, QPrelTLViolSchgy,,) for i € {1, .., Nprerryvior,}

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 As-Offered Scheduling algorithm in section 8, Reference
Level Scheduling algorithm in section 12, Mitigated Scheduling algorithm
in section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PPrelTLViolPrcgy,;, QPrelTLViolPrcgy,;) for i € {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 As-Offered Pricing algorithm in section 9, Reference Level
Pricing algorithm in section 13, Mitigated Pricing algorithm in section 16,
and DAM Pricing algorithm in section 21;

(PITLViolSch gy, QITLViolSch sy ;) for 1€ {1, .., Nirpyp, .} 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 As-Offered Scheduling algorithm in section 8,
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4.3.6.22

4.3.6.23

4.3.6.24

4.3.6.25

4.3.6.26

4.3.6.27
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Reference Level Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section 18,
and DAM Scheduling algorithm in section 20;

(PITLViolPrc. sy, QITLViolPre,gy,;) for 1€ {1, .., Nizpyjo, ,, } 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 As-Offered Pricing algorithm in section 9,
Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

(PPreXTLViolSch,,;, QPreXTLViolSchy ;) for 1€ {1, .., Nprexrivion,,}
designate the price-quantity segments of the penalty curve for exceeding
the flow limit specified by z € Z., used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;

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

designate the price-quantity segments of the penalty curve for exceeding
the flow limit specified by z € Z., used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section 13,
Mitigated Pricing algorithm in section 16, and DAM Pricing algorithm in
section 21;

(PNIUViolSchy,;,QNIUViolSchy,;) for i € {1,.., Nyyyio,} designate the
price-quantity segments of the penalty curve for exceeding the hour h net
interchange increase constraint between hours (h — 1) and h used by the
As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PNIUViolPrcy,;, @QNIUViolPrcy,;) for i € {1,.., Nyjyvior, } designate the
price-quantity segments of the penalty curve for exceeding the hour h net
interchange increase constraint between hours (h — 1) and h used by the
As-Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

(PNIDViolSch,, ,QNIDViolSchy, ;) for i € {1,.., Nypyio,} designate the
price-quantity segments of the penalty curve for exceeding the hour h net
interchange decrease constraint between hours (h — 1) and h used by the
As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
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4.3.6.28

4.3.6.29

4.3.6.30

4.3.6.31

4.3.6.32

4.3.6.33
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section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PNIDViolPrcy,, @QNIDViolPrcy,,) for i € {1,.., Nyjpyio;,} designate the
price-quantity segments of the penalty curve for exceeding the hour h net
interchange decrease constraint between hours (h — 1) and h used by the
As-Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

(PMaxDelViolSchy, , @MaxDelViolSch,, ;) for i€ {1, .., Nuyaxpervior, }

designate the price-quantity segments of the penalty curve for exceeding a
resource’s maximum daily energy limit used by As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;

(PMaxDelViolPrcy,, QMaxDelViolPrcy,) for i € {1, .., Nyaxpemior,}
designate the price-quantity segments of the penalty curve for exceeding a
resource’s maximum daily energy limit used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section 13,
Mitigated Pricing algorithm in section 16, and DAM Pricing algorithm in
section 21;

(PMinDelViolSchy, ,,@QMinDelViolSchy, ;) for i € {1, .., Nyinpeviol,}
designate the price-quantity segments of the penalty curve for under-
scheduling a resource’s minimum daily energy limit used by the As-
Offered Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

(PMinDelViolPrcy, , @QMinDelViolPrcy,;) for i € {1, .., Nyinperviol, }
designate the price-quantity segments of the penalty curve for under-
scheduling a resource’s minimum daily energy limit used by the As-
Offered Pricing algorithm in section 9, Reference Level Pricing algorithm
in section 13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(PSMaxDelViolSch,, , @QSMaxDelViolSchy,;) for i € {1,..,Noyaxpemion,}
designate the price-quantity segments of the penalty curve for exceeding a
shared maximum daily energy limit used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;
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4.3.6.34

4.3.6.35

4.3.6.36

4.3.6.37

4.3.6.38

4.3.6.39

(PSMaxDelViolPrcy, , @SMaxDelViolPrcy,,;) for i € {1,..,Nyaxpewiol, }
designate the price-quantity segments of the penalty curve for exceeding a
shared maximum daily energy limit used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section 13,
Mitigated Pricing algorithm in section 16, and DAM Pricing algorithm in
section 21;

(PSMinDelViolSchy, ;, QSMinDelViolSchy,;) for i € {1, .., Noyinperviol,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling algorithm
in section 12, Mitigated Scheduling algorithm in section 15, Reliability
Scheduling algorithm in section 18, and DAM Scheduling algorithm in
section 20;

(PSMinDelViolPrcy,;,QSMinDelViolPrcy,) for i € {1, .., Noyinperviol,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the As-Offered
Pricing algorithm in section 9, Reference Level Pricing algorithm in
section 13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(POGenLnkViolSchy, , QO0GenLnkViolSchy,;) for i € {1,..,Nogeninkviol,}
designate the price-quantity segments of the penalty curve for over
generation on a downstream resource used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in section
12, Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section 20;

(PUGenLnkViolSchy, ;, QUGenLnkViolSchy ;) for i €

{1, .. ,NugGeninikvio,} designate the price-quantity segments of the penalty
curve for under generation on a downstream resource used by the As-
Offered Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20; and

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

4.3.7 Price Bounds

4.3.7.1

4.3.7.2

Page 24 of 167

EngyPrcCeil designates and is equal to the maximum market clearing

price for energy;

EngyPrcFir designates and is equal to the settlement floor price;
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4.3.7.3

4.3.7.4

ORPrcCeil designates and is equal to the maximum operating reserve

price for all classes of operating reserve; and

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

4.3.8 Ex-ante Market Power Mitigation

4.3.8.1

4.3.8.2

4383

4.3.84

4.3.8.5

4.3.8.6

4.3.8.7

4.3.8.8

4.3.8.9

4.3.8.10
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BCACondThresh designates the threshold for the congestion component
of a resource’s locational marginal price for energy and is equal to
$25/MWh;

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

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

PDGRety, 1, designates the reference level value for energy lamination
k' € K;F, for the resource at bus b € BPC inhour h € {1,..,24};

P10SDGRefy, - designates the reference level value for synchronized fen-

minute operating reserve lamination k'€ K ’}If)bs for the resource at bus b €

BPCinhour h € {1,..,24};

P1ONDGRefy, , - designates the reference level value for non-
synchronized ten-minute operating reserve lamination k'€ K; ,}’2/\/ for the
resource at bus b€ B?“ in hour h € {1,..,24};

P30RDGRefy, ;, ; designates the reference level value for thirty-minute

operating reserve lamination k'€ K, ,ng for the resource at bus b € B”“ in
hour h € {1,..,24};

P10SDLRefy, ;, ;- designates the reference level value for synchronized ten-

105
y/

minute operating reserve lamination j'€ /, ,° for the resource at bus b €

BPYinhour h € {1,..,24};

P10NDLRet,,, i designates the reference level value for non-synchronized

ten-minute operating reserve lamination j'€ /,}BN for the resource at

bus b€ B! inhour h € {1,..,24};

P30RDLRefy ;,  designates the reference level value for thirty-minute

operating reserve lamination j'€ /,;’:2"’ for the resource at bus b € BP¢ in

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

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

4.3.8.13  PLTMLPRef;;, ;- designates the reference level value for the energy up to

the minimum loading point reference level lamination k'€ K, ,%ZMLP of the

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

4.3.8.14 CTEnThresh1V4 designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference level
value of the energy offer for the resource and is equal to 50%;

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

4.3.8.16 CTSUThreshV“® designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference level
value of the start-up offer for the resource and is equal to 25%;

43.8.17 CTSNLThresh"® designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference level
value of the speed no-load offer for the resource and is equal to 25%;

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

4.3.8.19 CTEnThresh2P”“ designates the conduct threshold for a resource in a
dynamic constrained area as a $/MWh increase above the reference level
value of the energy offer for the resource and is equal to $25/MWh;

43820 CTSUThresh”“ designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference level
value of the start-up offer for the resource and is equal to 25%;

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

43.8.22 CTEnThresh15“ designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the energy offer for the resource and is equal to 300%;
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CTEnThresh2%¢4 designates the conduct threshold for a resource in a
broad constrained area as a $/MWh increase above the reference level
value of the energy offer for the resource and is equal to $100/MWh;

CTSUThresh®“4 designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the start-up offer for the resource and is equal to 100%;

CTSNLThresh®?“4 designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the speed no-load offer for the resource and is equal to 100%;

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

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

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

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

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

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

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

CTEnThresh2 Rt designates the local market power conduct threshold for
energy to minimum loading point conduct threshold for a resource as a
$/MW increase above the reference level value of the energy for energy up
to the minimum loading point for the resource and is equal to $25/MW;
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4.3.8.34

4.3.8.35

4.3.8.36

4.3.8.37

4.3.8.38

4.3.8.39

4.3.8.40

4.3.841

4.3.8.42

4.3.8.43

4.3.8.44
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CTSUThresh®?t designates the local market power conduct threshold for
a resource as a percent increase above the reference level value of the
start-up offer for the resource and is equal to 10%;

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

CTORThresh19R¢ designates the global market power conduct threshold
for a resource as a percent increase above the reference level value of the
operating reserve offer for the resource and is equal to 50%;

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

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

CTEnThresh29R¢ designates the global market power conduct threshold
for energy to minimum loading point for a resource as a $/MW increase
above the reference level value of the offer for energy up to the minimum
loading point for the resource and is equal to $25/MW;

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

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

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

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

ITThresh1V“ designates the price impact threshold for a resource in a
narrow constrained area as a percent increase in the energy locational
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4.3.8.45

4.3.8.46

4.3.8.47

4.3.8.48

4.3.8.49

4.3.8.50

4.3.8.51

4.3.8.52

4.3.8.53
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marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 50%;

ITThresh2V“? designates the price impact threshold for a resource in a
narrow constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to $25/MWh;

ITThresh1P“4 designates the price impact threshold for a resource in a
dynamic constrained area as a percent increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 50%;

ITThresh2P“! designates the price impact threshold for a resource in a
dynamic constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to $25/MWh;

ITThresh15“ designates the price impact threshold for a resource in a
broad constrained area as a percent increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 100%;

ITThresh25“ designates the price impact threshold for a resource in a
broad constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to$50/MWh;

ITThresh1“M? designates the global market power price impact threshold
for a resource as a percent increase in the energy locational marginal
price output from section 9 above the energy locational marginal price
output from section 13 and is equal to 100%;

ITThresh2“™" designates the global market power price impact threshold
for a resource as a $/MWh increase in the energy locational marginal
price output from section 9 above the energy locational marginal price
output from section 13 and is equal to $50/MWh;

ITThresh19R¢ designates the global market power price impact threshold
for a resource as a percent increase in the operating reserve locational
marginal price output from section 9 above the operating reserve
locational marginal price output from section 13 and is equal to 50%; and

ITThresh29R¢ designates the global market power price impact threshold
for a resource as a $/MW increase in the operating reserve locational
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marginal price output from section 9 above the operating reserve
locational marginal price output from section 13 and is equal to $25/MW.

4.3.9 Weighting Factors for Zonal Prices

4.3.9.1

4392

4393

WEYIRY designates the weighting factor for bus b € LYRT used to

calculate the price for virtual transaction zone m € M for hour 4 €
{1,..,24};

WF}D} designates the weighting factor for bus b € LJP" used to calculate

the price for non-dispatchable load zone y € Y for hour h€ {1, .., 24};
and

The weighting factors in section 4.3.9.1 and section 4.3.9.2 shall be
obtained by renormalizing the load distribution factors so that for a given
hour the sum of weighting factors for a non-dispatchable load zone or for
a virtual transaction zone is one.

4.4 Other Data Parameters

44.1 Non-Dispatchable Demand Forecast

44.1.1

4.4.1.2

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

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

4.4.2 Variable Generation

4421

AF G, designates the alternative forecast for a variable generation
resource identified by bus b€ B"¢ in hour A€ {1, .., 24}, which is either
the registered market participant-submitted forecast or the /ESO’s
centralized forecast.

443 Internal Transmission Constraints

4.43.1

4.43.2

Page 30 of 167

PreConSFy, ), designates the pre-contingency sensitivity factor for bus

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

VPreConSFy, ,,, designates the pre-contingency sensitivity factor for
virtual transaction zone m € M indicating the effect of scheduled energy
at m to flows on facility f € Fj, in hour h under pre-contingency
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4433

4434

4435

4.43.6

conditions. It shall be determined as the weighted average of the pre-
contingency sensitivity factors for non-dispatchable loads, dispatchable
loads, hourly demand response resources, and price responsive loads
within the virtual transaction zone using the weighting factors WF,’{% 7 for

virtual transactions;

AdjNormMaxFlowy rdesignates the limit corresponding to the maximum
flow allowed on facility f in hour h under pre-contingency conditions;

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

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

VSF), . ¢ designates the post-contingency sensitivity factor for virtual
transaction zone m € M indicating the effect of scheduled energy at m to
flows on facility f€ Fj, . in hour h under post-contingency conditions for
contingency c. It shall be determined as the weighted average of the post-
contingency sensitivity factors for non-dispatchable loads, dispatchable
loads, hourly demand response resources, and price responsive loads
within the virtual transaction zone using the weighting factors WF}{Z{ 7 for

virtual transactions; and

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

4.4.4 Transmission Losses

4.4.4.1

4.44.2

4443

Page 31 of 167

LossAdj, designates any adjustment needed for hour 4 € {1, .., 24} to
correct for any discrepancy between Ontario total system losses calculated
using a base case power flow from the security assessment function and
linearized losses that would be calculated using the marginal loss factors.

MglLoss),;, designates the marginal loss factor and represent the marginal
impact on transmission losses resulting from transmitting energy from the
reference bus to serve an increment of additional load at resource bus b €
BUD inhour he{1,..,24}; and

VMglLossy, ,, designates the marginal loss factor for virtual transaction
zonem € M in hour A € {1, .., 24}. It shall be determined as the weighted
average of the marginal loss factors for non-dispatchable loads,
dispatchable loads, hourly demand response resources, and price
responsive loads within the virtual transaction zone using the weighting
factors WF,’{%@ for virtual transactions.
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5 Initialization

5.1 Purpose

5.1.1 The initialization processes set out in this section 5 shall occur prior to the execution
of the day-ahead market calculation engine described in section 2.1.1 above.

5.2 Reference Bus

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

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

5.3 Islanding Conditions

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

5.3.1.3  use a bus within the main island in place of the reference bus if the
reference bus does not fall within the main island.

54 Variable Generation Tie-Breaking

5.4.1 For each hour 4 € {1, .., 24}, each variable generation resource bus b € B"“
and each offer lamination k& € K}f p the offer price PDGy, p, i shall be modified

TBM,
to PDGppj — (NumVG

)p, where p is a small nominal value of order 10™%.

5.5 Pseudo-Unit Constraints

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

5.6 Initial Scheduling Assumptions
5.6.1 Initial Schedules

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

5.6.1.1.1  SDL 4, ;, which designates the amount of energy that a
dispatchable load is scheduled to consume at bus b € BPL;

5.6.1.1.2  SHDR, ;,;, which designates the amount of energy an hourly
demand response resource is scheduled to reduce consumption
at bus b € BHPR;

5.6.1.1.3  SXLg 4;, which designates the amount of energy a boundary
entity resource is scheduled to export at bus d€ DX,

5.6.1.1.4  SDG p, i, which designates the amount of energy that a
dispatchable generation resource is scheduled to provide at
bus b € BP¢;

5.6.1.1.5 S8CT; p, which designates the schedule of the combustion

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

5.6.1.1.6  S5T; ,, which designates the schedule of steam turbine
resource p € PST;

5.6.1.1.7  SIGy 44, Which designates the amount of energy that a
boundary entity resource is scheduled to import from intertie
zone bus d € DI,

5.6.1.2  The initial schedules for non-quick start resources shall be determined to
align with the commitment status logic described in section 5.6.2.

5.6.2 The following parameters designate the initial commitment status and number of
hours in operation used for hour 0 in the optimization of the next dispatch day:
5.6.2.1 ODGy p, which designates whether the dispatchable generation resource at
bus b € B has been scheduled at or above its minimum loading point;

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

5.6.3 Initial Net Interchange Schedule
5.6.3.1 The initial net interchange schedule value shall be the difference between

all imports to Ontario and all exports from Ontario in the last hour of the
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6

6.1

6.1.1

6.2

6.2.1

6.2.2

previous day. By default, this value will be based on the most recent
schedules from the pre-dispatch calculation engine.

Security Assessment Function
Interaction between the Security Assessment Function
and Optimization Functions

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

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

All three passes of the day-ahead market calculation engine shall use the security
assessment function.

The security assessment function shall use the physical resource representation of
combined cycle plants 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 /ESO average and peak 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 in Pass 1 and Pass 3:

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

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

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

6.2.2.4 the net schedules for virtual transactions for each virtual transaction zone.
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6.2.3 The security assessment function shall also use the following outputs of the
optimization functions in Pass 2:

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

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

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

6.3 Security Assessment Function Processing

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

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

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

6.3.2 In Pass 2 of the day-ahead market calculation engine, the security assessment
function shall determine the peak province-wide non-dispatchable demand forecast
for hour h, PFLy, as follows:

6.3.2.1 determine forecast MW quantities for all load resources and losses using
the IESO peak demand forecasts for demand forecast areas, load
distribution factors, the total of the bid quantities submitted for virtual
hourly demand response resources and physical hourly demand response
resources; and

6.3.2.2  determine PFL, by adding the forecast MW quantities determined for each
non-dispatchable load, each price responsive load, and each dispatchable
load with no bid for energy, including forecast MW losses in the demand
forecast areas.

6.3.3 In Passes 1 and 3 of the day-ahead market calculation engine, the security assessment
function shall distribute the net schedules for virtual transactions in each virtual
transaction zone to non-dispatchable loads, dispatchable loads, hourly demand
response resources, and price responsive loads within the virtual transaction zone
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using the weighting factors (WFK IIE,{,) for virtual transactions. In the security

assessment function, the total MW quantity allocated to:

6.3.3.1 a dispatchable load, an hourly demand response resource or a price
responsive load shall be equal to the schedule determined by the
optimization functions plus the amount allocated in the distribution of the
net schedules for virtual transactions; and

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

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

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

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

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

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

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

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

6.3.4.7  Violated post-contingency limits shall be linearized using post-
contingency sensitivity factors and incorporated as constraints for use by
the optimization functions.
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6.3.4.8  The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each hour. The
impact of losses on branches between the resource bus and the resource
connection point to the IESO-controlled grid and losses on branches
outside Ontario shall be excluded when determining marginal loss factors.

6.3.4.9  The As-Offered Scheduling, Reference Level Scheduling, Mitigated
Scheduling, Reliability Scheduling and DAM Scheduling algorithms
described in sections 8, 12, 15, 18 and 20, respectively, shall use the
marginal loss factors for each hour calculated by the security assessment
function.

6.3.4.10 The As-Offered Pricing, Reference Level Pricing, Mitigated Pricing, and
DAM Pricing algorithms described in sections 9, 13, 16 and 21,
respectively, shall use the marginal loss factors used in the last iteration of
the optimization function in the corresponding scheduling algorithm.

6.4 Outputs from the Security Assessment Function

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

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

6.4.1.2  pre-contingency and post-contingency sensitivity factors for each hour;
6.4.1.3 the marginal loss factors as described in sections 6.3.4.8-6.3.4.10; and

6.4.1.4  loss adjustment quantity for each hour.

7 Pass 1: Market Commitment and Market
Power Mitigation Pass

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

e the As-Offered Scheduling algorithm described in section 8;
e the As-Offered Pricing algorithm described in section 9;
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8.2

8.2.1

8.3

8.3.1

e the Constrained Area Conditions Test described in section 10;

e the Conduct Test described in section 11;

o the Reference Level Scheduling algorithm described in section 12;
e the Reference Level Pricing algorithm described in section 13;

e the Price Impact Test described in section 14;

e the Mitigated Scheduling algorithm described in section 15; and

e the Mitigated Pricing algorithm described in section 16.

As-Offered Scheduling

Purpose

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

Information, Sets, Indices and Parameters

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

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

8.3.1.1 SPRLy, 1, ;, which designates the amount of energy that a price responsive
load is scheduled to consume at bus » € B”RL in hour A€ {1,..,24}in
association with lamination j € /,b; b

8.3.1.2 SDLy,,; , which designates the amount of energy that a dispatchable load
is scheduled to consume at bus € B”F in hour A€ {1, .., 24} in
association with lamination j € Jj ,;

8.3.1.3 $105DLy, ;. , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at bus

b€ BPY inhour A€ {1, .., 24} in association with lamination j € ],17’%5;
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83.1.4

83.1.5

8.3.1.6

8.3.1.7

8.3.1.8

8.3.1.9

8.3.1.10

8.3.1.11

8.3.1.12

8.3.1.13
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S10NDLy,,; , which designates the amount of non-synchronized zen-
minute operating reserve that a dispatchable load is scheduled to provide

at bus b€ B”L inhour A€ {1,.., 24} in association with lamination j €
/10N.

hb >

S30RDLy,,; , which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b € B’ in
hour € {1, .., 24} in association with lamination j € 53%;

SHDR},;,; , which designates the amount of energy reduction scheduled for

BHDR

an hourly demand response resource at bus b € in hour

he{l,..,24} in association with lamination j € ]g b

SVB),,,» which designates the amount of energy a virtual zonal
resource v € VB is scheduled to withdraw in hour #€ {1,.., 24} in
association with lamination j € ],b,: ”

SXL}, 4, which designates the amount of energy a boundary entity
resource is scheduled to export at bus d€ DXin hour A€ {1,.., 24} in
association with lamination j € /,b; &

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

lamination j € /,llf)dN ;

S30RXLy, 4, which designates the amount of thirty-minute operating
reserve scheduled that a boundary entity resource is scheduled to provide
at bus d€ DXin hour A€ {1, .., 24} in association with lamination j €
0R.
hd >

SNDG}, i, which designates the amount of energy that a non-dispatchable
generation resource is scheduled to provide at bus b € BYP¢ in hour
he{l,..,24} in association with lamination X € Kf B

SDG} i, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG),, at bus b €
B¢ in hour A€ {1,.., 24} in association with lamination k € K,‘f b

ODG, 5, which designates whether the dispatchable generation resource at

bus b € B has been scheduled at or above its minimum loading point in
hour K€ {1,..,24};
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8.3.1.14

8.3.1.15

8.3.1.16

8.3.1.17

8.3.1.18

8.3.1.19

8.3.1.20

8.3.1.21

8.3.1.22

8.3.1.23

8.3.1.24
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IDG), , which designates whether the dispatchable generation resource at

bus b € BPC has been scheduled to reach its minimum loading point in
hour h€ {1,..,24};

S1085DGy, p, i , which designates the amount of synchronized fen-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b€ B¢ in hour A€ {1, .., 24} in association with

lamination kK € K},f)bs;

S10NDG}, 1, i, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B¢ in hour A€ {1, .., 24} in association

with lamination k€ K}If)bN ;

S30RDGy, 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 hour A€ {1, .., 24} in association with lamination k€
OR.

hb >
SCT}, p, which designates the schedule of the combustion turbine resource
associated with the pseudo-unit at bus b € BV in hour h€ {1, .., 24};

S8T}, p, which designates the schedule of steam turbine resource p € PST
inhour K€ {1,..,24};

O10Ry,,, which designates whether the pseudo-unit at bus b € BVO10PF has
been scheduled for ten-minute operating reserve in hour h€ {1, .., 24};

OHO), , which designates whether the dispatchable hydroelectric

generation resource at bus b € BF has been scheduled at or above
MinHO,,p inhour A€ {1,..,24};

OFR;,p,; for i € {1, ..,NFory}, which designates whether the dispatchable
hydroelectric generation resource at bus b € BF has been scheduled at or
below ForlLy;, or, at or above ForlU;in hour h€ {1,.., 24};

IHE}, ;, ;, which designates whether the dispatchable hydroelectric
generation resource at bus b € B registered a start between hours (h —

1) and A€ {1,.., 24} as a result of its schedule increasing from below
StartMW,,; to at or above StartMW),; for i € {1, .. ,NStartMW}};

SVOy,, i, which designates the amount of energy a virtual zonal resource
v € VOis scheduled to inject in hour 4 € {1, .., 24} in association with
lamination k € Kf.;
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8.3.1.25

8.3.1.26

8.3.1.27

8.3.1.28

8.3.1.29

SIG}, 41 , which designates the amount of energy that a boundary entity
resource is scheduled to import from intertie zone bus d € DI in hour
he{l,..,24} in association with lamination X € K,b; &

S10NIG}, 44 , which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource 1s scheduled to
provide from intertie zone bus d€ DIin hour h€ {1, .., 24} in association

with lamination k € Ki?iN ;

S30RIG}, 44, which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from
intertie zone bus d € Dlin hour h € {1, .., 24} in association with
lamination k€ @LOR;

TB,,, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in hour A€ {1, .., 24}, as described in
section 8.3.2.1; and

ViolCost,,, which designates the cost incurred in order to avoid having the
schedules violate constraints for hour 4 € {1, .., 24}, as described in
section 8.3.2.3.

8.3.2 The objective function for the As-Offered Scheduling algorithm shall maximize gains
from trade by maximizing the following expression:

ObjDLy, =
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ObjPRL;, + ObjDLy, — ObjHDR;, + ObjVB, + ObjXL, — ObjNDG,
( — 0bjDGy, — 0bjVO, — ObjIG, —TBy — ViolCosty, )

h=1.24
Where
ObjPRL;, = Z Z SPRLthJ'PPRLth_j
beBPRL \ jefF,
Z SDLyy,j-PDLyp,; — Z S105DLyp ;- P10SDLy; —
JEIE, JERy
bepPL Z S10NDLyy j - PLONDLyp ; — Z S30RDLyyp,; - P3ORDLy 5

jenRyy JERRY

ObHDR), — Z Z SHDR,, - PHDRy

beBFDR \ j'F

ObjVB,, = Z Z SVBh.v.j ’ PVBh.v,;

vEVE \ 5 E_,va
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Z SXLthJ' " PXLh,d,j - Z SlONXLh'd'j ) P].ONXLh,d,j

'E]E 'E]lON
ObjXL,, = T T
deDX _ Z S30RXLh,d,j " PSORXLthJ
JERS
Ob]NDGh_ = Z Z SNDGh,b,k : PNDGth'k
beBNDG \kekF,
0bjDG,,

Z SDGth’k " PDGh,b,k + Z S].OSDGthJk " P].OSDGh'b,k +

KEKF KEKLSS
beBDG Z SIONDGh,D'k " PIONDGh,b,k + Z SSORDGh,bjR ' PSORDGh,ka
keki oY keK; o}
+ Z (0DGy,, - MGODG,,, + IDG,, - SUDG,,), )
pepNes

OijOh = Z Z SVO,w,k " PVOh,'lJ,k

vEVO REK.E,I:
Z S[Gh,d,k " P[Gh,d,k + Z 510N[Gh,d,k " P].ON[Gth,k

ObilC Z keK} kekiSN
Jiby =
deDI + Z SSORIGh,d_k . PSORIGMJ;C

30R
keKy q

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

TBPRL, + TBDL, + TBHDR, + TBVB, + TBXL, + TBNDG,

TBy = + TBDG, + TBVO, + TBIG,

Where:

Z (SPRLy, ;)" - TBPen

TBPRL, = :
h QPRLy,, ;

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

TBDL, =

J €lhp JEJnp

(SHDR,, ;)" - TBPen

TBHDR,, = ;
" QHDR,,

DEBHDR \ je;E,

2
SVB,,;) - TBPen
TBVB, = z (SVBss)

QVBy ,; ’
VEVE fEJ’Ev hv.j

Z (SXLya,)’ - TBPen N z (S10NXLy, 4 ;) - TBPen
QXLpa; L QIONXL, 4,

JEIE,

TBXL, =

2 ;
deDX N ((S30RXLh,dJ) -TBPen)
30RXL) 4 ;
j €IS ¢ hdj

2
SNDG -TBP
TBNDG, = (SNDGyc) en) ;

ONDG
— - - ( nbk
hEE KEKp

TBDG,

QDG Q10SDy, &

z ((SDGh‘brk)z-TBPen) . z ((S1osnah_,,,k)2.rspen) N
KEKE), kekp9s

JShe Z ((SlONDGh_b_R)Z-TBPen)Jr Z ((SSORDGM.R)Z-TBPen)

Q10NDGy, Q30RDGy

ke keKFIR

2
TBVO, = Z Z (SVO.’t,u,k) - TBPen ;

QVOh,v,k

vEVOD kEK}Ev

and

Z ((srch,d,k)z-TBPen) N Z ((510Nfch,d,k)2-TBPen)
16 10NIG
v, QG q ety Q hdk

TBIG), = ,
= | ((530R16h1d,k) -TBPen)
k eKjoR

Q30RIGy 4
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8.3.2.2 ViolCost), shall be calculated for hour 4 € {1, .., 24} using the following
variables:

8.3.2.2.1 SLdViol,;, which designates the violation variable associated
with segment 7 € {1,..,N; 4y} of the penalty curve for the
energy balance constraint allowing under-generation;

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

8.3.2.2.3 510SViol,;, which designates the violation variable associated
with segment / € {1,..,Njgsyjos} of the penalty curve for the
synchronized fen-minute operating reserve requirement;

8.3.2.2.4 S10RViol,;, which designates the violation variable associated
with segment / € {1,..,Njggyio,} Of the penalty curve for the
total ten-minute operating reserve requirement;

8.3.2.2.5 S30RVioly;, which designates the violation variable associated
with segment 7/ € {1,.., N3ogpjoy,} of the penalty curve for the

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

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

8.3.2.2.7 SREG30RViol,,;, which designates the violation variable
associated with segment 7 € {1,.., Nregzorvio,} of the penalty

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

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

8.3.2.2.9 SXREG30RViol,,;, which designates the violation variable
associated with segment 7 € {1, .., Nxgggzorvior,} 0f the
penalty curve for violating the area thirty-minute operating
reserve maximum restriction in region r € ORREG;,

Page 44 of 167 Public IMO_FORM _1087v13.00
REV-21-06



Page 45 of 167

8.3.2.2.10

8.3.2.2.11

8.3.2.2.12

8.3.2.2.13

8.3.2.2.14

8.3.2.2.15

8.3.2.2.16

8.3.2.2.17

8.3.2.2.18

SPrelTLViols, ; , which designates the violation variable
associated with segment /' € {1,.., Npresryvio,} of the penalty

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

SITLViol, g, ; , which designates the violation variable
associated with segment 7 € {1,.., Ny} of the penalty
curve for violating the post-contingency transmission limit for
facility f€ Fand contingency c€ C;

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

penalty curve for violating the import/export limit associated
with intertie limit constraint z € Z,;

SNIUVioly ; , which designates the violation variable associated
with segment 7 € {1,.., Nyyyio,} of the penalty curve for

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

SNIDVioly ;, which designates the violation variable associated
with segment / € {1,.., Nyspyy,} of the penalty curve for

exceeding the net interchange decrease limit between hours
(h—1) and h;

SMaxDelVioly, ;, ;, which designates the violation variable
associated with segment 7 € {1,.., Nyaypemior,} of the penalty
curve for exceeding the maximum daily energy limit constraint
for a resource at bus b € BFLR,

SMinDelVioly,; , which designates the violation variable
associated with segment 7 € {1,.., Nyjnpemior,} of the penalty
curve for violating the minimum daily energy limit constraint
for a resource at bus b € BF;

SSMaxDelViol), ;; , which designates the violation variable
associated with segment 7 € {1, .., Noyaxpervioy,} Of the

penalty curve for exceeding the shared maximum daily energy
limit constraint for dispatchable hydroelectric generation
resources in set s € SHE:

SSMinDelVioly . ; , which designates the violation variable
associated with segment / € {1, .., Nsyinpevios,} of the penalty
curve for violating the shared minimum daily energy limit

Public IMO_FORM_1087v13.00
REV-21-06



8.3.2.2.19

8.3.2.2.20

constraint for dispathable hydroelectric generation resources
in set s € SHE;

SOGenLnkVioly,p, 1), » which designates the violation
variable associated with segment 7 € {1,.., Nogenznkvior,} OF
the penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by over-
generating the downstream resource, for (by,b,) € LNK such
that by € Bls and b, € Bjr; and

SUGenLnkVioly,p, 1,),» which designates the violation variable
associated with segment 7 € {1,.., Nygensnkvior,} of the
penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by under-
generating the downstream resource, for (by,b,) € LNK such
that b, € B and b, € Blj}.

8.3.2.3 ViolCosty, shall be calculated as follows:
ViolCost), = Z SLdVioly; - PLdViolSchy,;
i=1.Nyraviol;

- Z SGenVioly; - PGenViolSchy,
521--NGenVioth

+ Z §10SVioly, ; - P10SViolSchy,;
i=1.N1gsvioly,

+ Z S10RVioly; - P10RViolSchy;
i=1.NigRrvioly,

+ Z S30RVioly; - P30RViolSchy,;
i=1.N3oRviol),

+ Z ( Z SREG10RViol,. p ;
TEORREG i=1--NREGIORViOIh

. PREGIORVioISChh‘i>
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+ Z Z SREG30RViol, ;

TEORREG \i=1.NREG30RViol},

- PREG30RViolSchy, ;

+ Z Z SXREG10RViol,  ;

TEORREG f:]---NXRE'GloRViO!h

- PXREG10RViolSchy, ;

+ Z Z SXREG30RViol, ,;

TEORREG \i=1.NxXREG30RVioly

" PXREG30RViolSchy,;

+ Z Z SPrelTLVioly ),

fEFR NI =L.NpreiTiviol

- PPrelTLViolSchy p;

+ Z Z Z SITLViolp ),

ceC fE€Fp ¢ izl"NlTLwolc,f,h
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. PITLV?:OJSChC'f)h‘i

+ Z Z SPreXTLViol,p ;

Z€Zsch \1=1.NpreXTLVioly

- PPreXTLViolSch, ;

+ Z SN1UVioly ; - PNIUViolSchy,;
i =1L.NN1UVioly,
+ Z SNIDVioly ; - PNIDViolSchy, ;

i=1.NNipVioly,

+ Z Z SMaxDelVioly, ), ;

beBELR \i =1.Npmaxpewviol,

* PMaxDelViolSchy, ;

+ Z Z SMinDelVioly ,; - PMinDelViolSchy,;
bepHE

i =1.NpinDeivioly,
+
SESHE \i =1.NsmaxDelvioly
+
SESHE \i =1.NsminDelviol,

+
(byby)ELNK \i=1.NogenLnkvioly,

- POGenLnkViolSchy,;

+
(b1.b2)ELNK \i =1.NygenLnkvioly,

SOGenLnkViol,L(bllbz)‘i

SUGenLnkVioly, (p, b,y

SSMaxDelVioly ¢ ; - PSMaxDeIViolSchh_i)

SSMinDelVioly s ; - PSMinDelViolScthi)

: PUGenLnkViolSchh_i) .
8.4 Constraints
8.4.1 The constraints described in sections 8.5, 8.6 and 8.7 apply to the optimization
function in the As-Offered Scheduling algorithm.
8.5 Dispatch Data Constraints Applying to Individual Hours
8.5.1 Scheduling Variable Bounds
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8.5.1.1 A Boolean variable, 0DG}, ,, shall indicate whether the resource at bus
b€ BP%is committed in hour A€ {1,.., 24}. A value of zero shall indicate
that a resource is not committed, while a value of one shall indicate that it
is committed. Therefore:

8.5.1.1.1 0DG; €{0,1} for all hours 2 € {1, . ., 24} and all buses b €
B¢,

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

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

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

8.5.1.5  Ifthe dispatchable generation resource at bus b € BP“ is considered
committed according to the requirements in sections 8.5.1.2, 8.5.1.3, and
8.5.1.4 in hour A€ {1,.., 24}, then:

ODGh’b =1.

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

0 < SPRLyy; < QPRLyy; forallb € BPRL,j € JE .
0 < SDLyy,,; < QDLyy,; forallb € BPL,j € JE,;
0 < S10SDLyy; < Q10SDLyy,; forall b € B, j € J19%;
0 < S10NDLy,; < Q1ONDL,,; forall b € BPL, j € JLON,
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0

0

< S30RDLyp; < Q30RDLyy,
< SHDR;;,; < QHDRy,,;

< SVBp,,; < QVBy,,;

< SXLpaj < QXLpg;

< S10NXLpq; < QLONXL) 4,
< S30RXLpg; < Q30RXLj4;
< SNDGpp < QNDGyy
SSVOy 1 < QVOyyk

S SlGpapr = QlGpap

< S10NIGp ;. < QLONIGy gy

< S30RIG 4 < Q30RIGqx

forall hours h €{1, .., 24}.

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

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

foralld € DI, k € K2OF

8.5.1.7 Generation resources may be scheduled for energy and/or operating
reserve only if 0DGp , = 1. Therefore, for all hours A€ {1, .., 24}:
0 < SDGII,b,k < ODGh,b b QDGh,fJ,k for all b €
B¢ ke KE,;
0 < SIOSDG;Lb‘k < ODGh,b . QIOSDGh‘b'k for all b €
BPS, k € Kp%S;
0 < S10NDGypy < ODGpp, - Q1ONDG, 4 for all b €
BP¢, k€ K,%'%N; and
0 < S30RDGy,x < ODGyy, - Q30RDG), ) 1 forall b €
BP¢, ke K39
8.5.2 Resource Minimums and Maximums for Energy
8.5.2.1 The non-dispatchable portion of price responsive loads shall always be
scheduled. For all hours 4 € {1, ..,24} and all buses b € BPRL.
Z SPRLy,; = QPRLFIRMy, .
J€lp
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8.5.2.2

8.5.2.3

8524

8.5.2.5

8.5.2.6
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A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for an hour. For all hours

h€{l,..,24} and all buses b€ BP:

MinDLth < Z SDLh,b,j < MaxDthb.

JEIFp

The non-dispatchable portion of dispatchable loads shall always be

scheduled. For all hours 2 € {1, .., 24} and all buses b € B"":

Z SDLyy,; = QDLFIRM,, .

JEIE

A constraint shall limit schedules for non-dispatchable generation
resources within their minimum and maximum output for an hour. For all

hours 4 € {1, .., 24} and all buses b € B'PC:

MinNDGh'b < Z SNDGh.b,k SM&XNDG}LL-,.

E

A constraint shall limit schedules for dispatchable generation resources

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

dispatchable variable generation resource, the maximum schedule shall

be limited by its forecast. That is:

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

_ (min(MaxDG,, ,, AFGy,) if b € B'C
B MaxDGy, otherwise

and
AdjMinDG,, = min(MinDG,,, AdjMaxDGy, ).
For all hours A€ {1,.., 24} and all buses b€ B”“:

AdeinDGh_b < MLTIQDG}) . ODGh,b + Z SDGh,b,k

kekk ),
< AdjMaxDGy, .

If the commitment status, ODGy, , of a dispatchable generation resource
is equal to 1 and if this status is inconsistent with the adjusted minimum
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8.5.2.7

and maximum constraints, MinQDG, > AdjMaxDG
be changed to a value between 0 and 1.

nb then ODGh,b shall

If the total offered quantity does not exceed the minimum constraint for
the resource, MinQDG, + ZkEbe oDG, , . <AdiMinDG, ,, then the

b
resource shall receive a schedule of zero.

8.5.3 Off-Market Transactions

8.5.3.1

8.5.3.2

8.53.3

8.5.3.4

For all hours A€ {1, .., 24} and all infertie zone buses corresponding to an
inadvertent energy payback export transaction d € DXV

Z SXLh,d,j = Z QXLh,d,j-

J€lfa J€Ifq

For all hours /2 € {1, . ., 24} and all intertie zone buses corresponding to
an inadvertent energy payback import transaction d € DI

Z SlGpqr = Z QIGh g k-
KEKF 4 KEK}, 4

For all hours /2 € {1, . ., 24} and all intertie zone buses corresponding to
an emergency energy export d € DXfM :

For all hours 2 € {1, .., 24} and all intertie zone buses corresponding to
emergency energy import d € DIFM:

Z SIGh,a,k = z QIGh,d,k-

kekE, keKE ,

8.5.4 Operating Reserve Requirements

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

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

8.5.4.1.2 the total scheduled load less the non-dispatchable portion; and
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8.5.4.1.3 the remaining portion of its capacity that is dispatchable after
considering minimum load consumption constraints.

These restrictions shall be enforced by the following
constraints for all hours 2 € {1, .., 24} and all buses b € BPL.

S S10SDLy,;+ Y S10NDLy,;+ Y S30RDL);

108 10N 30R

i€ J€nn J€I L

<30-0RRDL;;

S10SDLy,,; + z S10NDLy,,, ; + Z S30RDLy, ), ;

JEIRes Jemgy JEIRY:
< Z SDLyj — @QDLFIRM, ;
jefib
and

S10SDLyp ; + Z S10NDLyp ; + Z S30RDLy, p,

J€ny J€InD' JEID
< z SDLh,b,j - MinDLh’b
jeff,b

8.5.4.2 The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide shall
not exceed the amount by which the dispatchable load can decrease its
load over 10 minutes, as limited by its operating reserve ramp rate. This
restriction shall be enforced by the following constraint for all hours
he{l,..,24} and all buses b € BP:

S $10SDL,;,,+ > S10NDL,),; <10-ORRDL,

. ,108 . 10N
J€lhp J€I b

8.54.3 The total non-synchronized ten-minute operating reserve and thirty-
minute operating reserve scheduled for an hour shall not exceed total
scheduled exports. This restriction shall be enforced by the following
constraint for all hours /2 € {1, . ., 24} and all intertie zone export buses

d € DX:
Z S10NXLy,q; + Z S30RXLyq; < Z SXLya
J€nRY JEInd J€lka

8.5.4.4  The total operating reserve scheduled from a committed dispatchable
generation resource shall not exceed that resource’s: (i) ramp capability
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over 30 minutes; (ii) remaining capacity; and (iii) unscheduled capacity.
These restrictions shall be enforced by the following constraints for all
hours 4 € {1, .., 24} and all buses b € B”C:

S10SDGypx + Z STONDG . + Z S30RDGy,
KEKLSS keRAON keKZIR

< 30 ORRDGy;

S10SDGy by + Z STOND Gy i + Z S30RDG,
keKAS keKEON KkeKF9R
< Z (QDGyp e —SDGRpk);
keK} ),

and

S10SD G by + Z ST1ONDGyp 1 + Z S30RDGy s
KeKAGS kekpN keK3OR
< Ade(IXDGh'b — Z SDGh,b.k - ManDGb

E
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 hours

he{l,..,24} and all buses b € BPC:

S10SDGypx + z S1ONDG,
KEK}EOS kekg Y

< 10-ORRDG,

8.5.4.6  The amount of synchronized fen-minute operating reserve that a
dispatchable generation resource may be scheduled to provide shall be
limited by its reserve loading point for synchronized ten-minute operating
reserve. This restriction shall be enforced by the following constraint for
all hours 4 € {1, .., 24} and all buses b € B¢ with RLP10S),, > 0:
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S10SDGy, p &

108
KEKEY:

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

keKE ,
1
RLP10S,
min< 10 - ORRDG,, Z Q105DGy p 1
keKjSS

8.5.4.7  The amount of thirty-minute operating reserve that a dispatchable
generation resource 1s 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 hours # € {1, .., 24} and all

buses b € B with RLP30Ry, ,> 0:

S30RDG),x

30R
keKy),

_ 1
<|MinQDG,-0DG,,+ ' SDG,,, ()
&, RLP30R,,

| min{30-0RRDG,, > Q30RDG,,,

30R
KEK; ),

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

S10NIGp g + Z S30RIG) 4
ke KeKROR
= Z (QIGhar — SIGpax)

KeKE 4
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
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shares in the operating regions of the pseudo-unit determined in section
22. For all hours A€ {1,.., 24} and pseudo-unit buses b € B™Y:

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

+(1 — STShareDRy,) - Z SDGppk |

DR

and for all hours 4 € {1, .., 24} and steam turbine
resources p € PST :

STShareMLP, - MinQDG, - ODG), , +

S5Thp = Z STShareDR, - Z SDGypi | + Z SDGp,px
beByT LERDR kekPl
h,b b

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 hours
h € {1,..,24} and pseudo-unit buses b € BFSY:

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

SDGyx < MaxDRy,

KEKPR

SDGpp < MaxDF, ;,

KEKRE
and
Z SDGypx + Z S10SDGp p  + Z S10NDGy, p &
KEKE ), KEKRY keKR N
+ Z S30RDGy  » = MaxDRy,;, + MaxDF,
ke R

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 in its duct firing region whenever the pseudo-unit is scheduled
for ten-minute operating reserve. For all hours 1 € {1, .., 24} and

pseudo-unit buses b € BYO10PF,

O10R,, € {0,1}
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Z SDGppy + Z S§105DGp p g + Z S10NDGp p
keKE, keKESS kekpoN

d S MaxDRth + (1 - OlORth) - MaxDthb
an

8.5.54  Forallhours h € {1,. ., 24}, pseudo-unit buses b € BV°'%PF and

laminations k € K},?,,S :

S105DG),, < O10R,, - Q108DGy,

8.5.5.5 For all hours & € {1, . ., 24}, pseudo-unit buses b € BNOIODF, and

laminations k € K},f)lfv :

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

8.5.5.6  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 € BPSY in hour
he{l,..,24} shall be equal to:

8.5.5.6.1 SCT, if the pseudo-unit is scheduled at or above minimum
loading point,

8.5.5.6.2 Ramp(CT,,, if the pseudo-unit is scheduled to reach minimum
loading point in hour (h+ w) for we {1,.,RampHrs,}, or

8.5.5.6.3 0 otherwise.

8.5.5.7 For the purposes of the energy balance constraint in section 8.7.1 and the
transmission constraints in section 8.7.3, the steam turbine resource’s
schedule for p € PST shall be equal to S57;,, plus any contribution from
pseudo-unit b € BgT ramping to minimum loading point as given by
RampST, ,, for a pseudo-unit scheduled to reach minimum loading point in
hour (A+ w) for we {1, ..,RampHrs,}.

8.5.6 Dispatchable Hydroelectric Generation Resources

8.5.6.1 A dispatchable hydroelectric generation resource shall be scheduled to at
least its hourly must run quantity. For all hours A€ {1, .., 24} and
dispatchable hydroelectric generation resource buses b € BE:
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ODGh,b " MiTIQDGb + Z SDGh,b,k 2 MinHMRth

keKE,

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

OHOh,b S {0,1} ;

ODGh,b ' ManDGb + Z SDGh,b,k = MinHOh‘b - OHObe;

keK} ),
and for all k € Kﬁb:

0 <SDGppy < OHOp ) - QDG py i

8.5.6.3 A dispatchable hydroelectric generation resource shall not be scheduled
within its forbidden regions. For all hours A € {1, .., 24}, all dispatchable
hydroelectric generation resource buses b € B"E and all
i € {1,.., NFor}:

OFRp,;,;€{0,1},

ODGh,b . ManDGb + Z SDGh,b,k
keK ),
< OFRh,b,i - FOT'Lb,i + (1 — OFRh,b,i)

ManDGb + Z QDGh,b,k ;
keKE |,

and

ODGh,b . ManDGb + Z SDGh,b,k => (1 - OFRh,b,f) ) FOT'Ub'i

keKE,
8.5.7 Linked Wheeling Through Transactions

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

8.6 Dispatch Data Inter-Hour/Multi-Hour 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

8.6.1.6
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For disptachable loads, the constraints in section 8.6.1.5 and section
8.6.2.1 use URRDL, to represent a ramp up rate selected from

URRDL, ., and use DRRDL), to represent a ramp down rate selected from
DRRDLy }, .

For disptachable generation resources, the constraints in section 8.6.1.7
and section 8.6.2.2 use URRDG, to represent a ramp up rate selected
from URRDG,},,, and use DRRDG) to represent a ramp down rate selected
from DRRDG,}, .

The day-ahead market calculation engine shall respect the ramping
restrictions determined by the up to five offered MW quantity, ramp up
rate and ramp down rate value sets.

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

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

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

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

> SDLy_q4;—60-DRRDL, < ' SDL,,.

. . E .. F
J€lh-1p JE kb

< % SDLy_y;;+60-URRDL,
4 b,
T -1
Energy schedules for hourly demand response resources cannot vary by

more than an hour’s ramping capability for the applicable resource. This
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constraint shall be enforced by the following for all hours 2 € {1, .., 24}
and all buses b € BPR.

> (QHDR,_,,,—SHDR, ,,)—60-URRHDR,

€1
< Z (QUDR,,, ; —SHDRy;;)
. E
J€Inp
< ) (QHDR,,_,, —SHDR;_y ;) +60-DRRHDR,
€ h-1p

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

8.6.1.7.1 For the first hour a resource reaches its minimum loading
point, where ODG},, = 1, ODG)4 ,= 0, the following
constraint shall be applied:

0< Z SDGppx < 30-URRDG,,
keKE,

8.6.1.7.2 If the resource stays on at or above minimum loading point and
ODG,, =1, ODGy 4 , = 1, the following constraint shall be
applied:

> SDGj_14),—60-DRRDG,< > SDGy,
keKp_y ) keKr, ,
< > SDGu_ypy+60-URRDG,
k€K1

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

0< ) SDGy,<30-DRRDG,
kEKib

8.6.1.8  The constraints in sections 8.6.1.6.1 and 8.6.1.6.3 do not apply to a quick
Start resource.
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8.6.1.9 For hours where non-quick start resources are ramping up to minimum
loading point, energy shall be scheduled using the submitted ramp up
energy to minimum loading point.

8.6.2 Operating Reserve Ramping

8.6.2.1 The total synchronized ten-minute operating reserve, non-synchronized
ten-minute operating reserve and thirty-minute operating reserve from
dispatchable loads shall not exceed their ramp capability to decrease load
consumption and for all hours 4 € {1, .., 24} and all buses b € B~

> S10SDLyy;+ > S1ONDLy,;+ > S30RDLy,;

i i€l i€y
< N SDLy,; — > SDLy y4;+60-DRRDL,
. F o . E o
JEhp J€Ih—1,h

8.6.2.2  The total synchronized ten-minute operating reserve, non-synchronized
ten-minute operating reserve and thirty-minute operating reserve from a
committed dispatchable generation resource shall not exceed its ramp
capability to increase generation and for all hours 2 € {1, .., 24} and all
buses b€ BP¢:

§10SDGy;,, + > S10NDGy, ;)

KEKLY kek )"
+ > S30RDG,, < > SDGy_y,
keK o KeKE
— ) SDGyyy+60.URRDG);
ek},

S105DGyp e + Z S10NDGp p . + Z S30RDGy p i

108 10N 30R
keK}Y; kEK}HY! keKRY

< [(h—n)- 60 + 30] - URRDG, - ODGy,

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

S10SDGy p . + Z S1ONDGy p k
kekpSS KEKGY'
+ Z S30RDGy . + Z SDGp
keKEIR KEKR )
< [(m — h) - 60 + 30] - DRRDG,, - ODG,,

where m is the hour of the last shutdown in or after hour h.
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8.6.3 Non-Quick Start Resources

8.6.3.1

8.6.3.2

8.6.3.3

8.6.3.4

8.6.3.5

8.6.3.6
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Schedules for non-quick start resources shall not violate such resources’
minimum generation block run-times, minimum generation block down-
times and maximum number of starts per day.

A resource’s previous day’s schedule shall be evaluated to determine any
remaining minimum generation block run-time constraints to enforce and
determine the commitment status of the resource in hour 0. If

0 < InitOperHrs, < MGBRTDG,, then the resource at bus b € BV has
yet to complete its minimum generation block run-time, and:

ODG,p,, ODGy p, -, ODGrnin(24,MGERTDGy ~InitOperHrsy)b = 1

If ODG}, =0, ODGp =1, and MGBRTDG, > 1 for hour A€ {1,.., 24},
then the resource at bus b € BN?S has been scheduled to start up during

hour h and shall be scheduled to remain in operation until it has completed
its minimum generation block run-time or to the end of the day. Therefore:

ODGpy1,5, ODGrypps s ODGryinezan + McBRTDG,-1),0 = 1

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

ODGpy1,p, ODGpryz s v ODGrpin2an + MeBDTDG-1)0 = 0

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

A Boolean variable, IDGy, ;, indicates that the non-quick start resource at
bus b € BN is scheduled to reach its minimum loading point in hour
he{l,.., 24} after being scheduled below its minimum loading point in
the preceding hour. A value of zero shall indicate that a resource is not
scheduled to reach its minimum loading point, while a value of one
indicates that it is scheduled to reach its minimum loading point. For all
hours A€ {1, .., 24} and all buses b € BVCS:

1 If ODGh—l,b = Qand ODGh,b =1

IDG = {
h.b 0 otherwise.
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8.6.3.7 A non-quick start resource shall not be scheduled more than its maximum
number of starts per day. For all buses b € B" os.

IDG ), < MaxStartsDG,,
h=T.24

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

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

8.6.4.1.2 energy in amounts that would preclude such resource from
providing operating reserve when activated, for all buses b €

BFLR where an energy limited resource is located and all hours
He{l,..,24}:

Z ODGh,b ' MinQDGb + Z SDGh'ch
h=1.H kEK.E,b

+ 100RConv Z S10SDGy b«

108

+ Z S10NDGy px

10N
keKHY

+ 300RConv Z S30RDGy
ke R

- Z SMaxDelVioly,; < MaxDEL,

i=1.NMaxDelVioly

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

8.6.5 Dispatchable Hydroelectric Generation Resources
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8.6.5.1

8.6.5.2

IHEh,b,l' = 4

8.6.5.3

8.6.5.4
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Dispatchable hydroelectric generation resources shall be scheduled for at
least their minimum daily energy limit. Violation variables for under-
scheduling a resource’s minimum daily energy limit may be used to allow
the day-ahead market calculation engine to find a solution. For all

dispatchable hydroelectric generation resource buses b € BE:

Z ODGh,b ' ManDGb + Z SDGII,b,k

h=1.24 kEKEb

+ Z SMinDelVioly,,; | = MinDEL,

I=1.NMinDeivioly,

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

hydroelectric generation resource at bus b € B"F was counted in hour

h € {1, ..24} as aresult of the resource schedule increasing from below
its i-th start indication value to at or above its i-th start indication value
fori € {1,.., NStartMW,}. A value of zero shall indicate that a start was
not counted, while a value of one indicates that a start was counted.

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

1 lf ODGh—l,b : ManDGb + Z S‘DGh—l,b,k < StaTtMWb,i
keKE_,

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

0 otherwise.

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

Z Z IHEp p; | < MaxStartsHE,
h=1.24 \i=1.NStartMW,

The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not exceed shared maximum
daily energy limits. Violation variables for over-scheduling the maximam
daily energy limit may be used to allow the day-ahead market calculation
engine to find a solution. For all sets s € SHE and all hours H € {1,..,24}:
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z Z ODGh,b ManDGb + Z SDGh,b,k
h=1.H \p epHE KEKE ),

+ Z 100RConv Z S10SDGyp

b eBHE keKES

+ Z S1ONDGy 1

10N
k€Knp

+ 300RConv Z S30RDGy p i

30R
keKE)

— Z SSMaxDelVioly g ;

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

< MaxSDEL;

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

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

Z z ODGh'b - ManDGb + Z SDGthJk

h=1.24 \p e¢pHE keK}
+ Z SSMinDelVioly, ,;
i=1.NsMinDelVioly,
= MinSDEL,

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

8.6.5.7  For all linked dispatchable hydroelectric generation resources between
upstream resources by € BZ]E and downstream resources b, € B4E for
(b1,b,) € LNK and hours / € {1, .., 24} such that 7 + Lagbl by < 24:
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> ODGirag, , b, MINQDGy, + D SDGinsrag, 5 b,
HE ' E !
bZEBdn kEsz'h+Lagbl,b2

— SOGenlLnkViol
. Z h+Lagy, p,(b1b7)
T Y 0GenlnkViol
ntl
“hy b

N | Z SUGenLnkathrLagbl by(D1Do)
I=1..NUGenLnkVialh+Lagb b

= MWhRatiObl,bz

\l

Z ODGh,bl 'MinQDGbl + Z SDGk,h,bl

b EBLy keKp,

8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance

8.7.1.1

8.7.1.2

8.7.1.3
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The total amount of energy withdrawals scheduled at load bus b € Bin
hour K€ {1,.., 24}, Withy,;, shall be:

Z SPRLy, ; if b € BPRL
_ ) Z SDLyp j if b € BPL

Z (QHDRy,;,,; — SHDRy, 1, ;) if b € BHPER

J'Efﬁb

The net energy withdrawal for virtual transaction zone m € M in hour
h€{l,..,24}, VWithy,,, as all bids scheduled from virtual transactions

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

VWithy = S S VB = Y Y SV0,,,

vE‘I/ijE]Ev VEV O, keK‘Ev

The total amount of export energy scheduled at intertie zone bus d € DX
inhour h € {1, ..,24}, With,, 4, as the exports from Ontario to the intertie
zone bus shall be:
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8.7.1.4

8.7.1.5

8.7.1.6
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Withh,dz Z SXLthJ

._E
T

The total amount of injections scheduled at internal bus » € B in hour
he{l,.., 24}, Inj, ,, shall be:

Inj), , = Oﬁ”er[njh'b + Ramplnj,

where

Of ferInjy,,
Z SNDGy,p 1 if b € BNPG
keKf
0ODGy;, - MinQDG, + Z SDGyp x if b € BP¢

KEKE ),
and
RamplInjy,

RampEb’W ' 1DG.’L+W,I) lf b € BNQS
w=1.min(RampHrsp,24—h)
0 otherwise

The total amount of import energy scheduled at intertie zone bus d € DI in
hour € {1, ..,24}, Inj, ,, as the imports into Ontario from that intertie

zone bus shall be:

Mjyq = Z SIGp,q.x
KeKE ,

Injections and withdrawals at each bus shall be multiplied by one plus the
marginal loss factor calculated by the security assessment function to
reflect the losses or reduction in losses that result when injections or
withdrawals occur at locations other than the reference bus. These loss-
adjusted injections and withdrawals must then be equal to each other after
taking into account the adjustment for any discrepancy between total and
marginal losses. Load or generation reduction associated with the demand
constraint violation shall be subtracted from the total load or generation
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for the day-ahead market calculation engine to produce a solution. For
hour 4 € {1, .., 24}, the energy balance shall be:

AFL;, + Z (1 + MglLossy, ) - Withy,
beBFRLygDLygHDR
+ Z (1 +VMglLossy,,) - VWithy, ,,
meM
+ Z (1 + MglLossy 4) - Withy, 4
deDX
_ Z SLdViol,,;

i=1.Nyrdviol,

= Z (1 + MglLossy, ;) - Injp
beRNDGRDG

+ Z (1+ MglLossy q) - Injy 4
deDI

- Z SGenVioly, ; + LossAdj,

lI=]-~NGe1!1'L"1'o.ij1;1

8.7.2 Operating Reserve Requirements

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

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

For each hour 4 € {1, .. 24}

Z Z S10SDLy,; | + Z Z S10SDG, 1 x

beBDL \ jeslos bEBDPE \ kekss
+ Z S10SViol,; = TOT10Sy;
i=1.Niosviol,
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Z Z S10SDLy,; |+ Z Z S10SDGy,

beEBDL \ jejlos beBDE \ keg10S
+ Z Z SlONDLh,b”,- + z Z SlONXLthJ-
beBDL je]inN deDX jE]ﬂ,N
+ z Z S10NDGyp . | + Z Z S10NIGy, 4 x
bEBDG kEKfJ{%N deD] kERﬁ%N

+ Z S10RViol,; = TOT10R,]|

i=1.Niorvioly,

and

S10SDLy,; |+ Z Z S10SDG, p x

beBPL \ jelos beRPE \kek;ls

+ Z Z S10NDLy,,; | + Z Z S10NXLy, 4 ;
bepDL jE]}]i%N deDx jehjl-%N

+ Z Z S10NDGypr | + Z Z S10NIGy g,
bepPG ke}(ﬁ'%N debi kEKﬁ'c‘liN

+ Z Z S30RDLyp; |+ Z Z S30RXLy, 4,
beBPL \ je RqR deDx \jejioR

+ Z Z S30RDGy . | + Z Z S30RIG, 41
beBPE \ pek IR depl \gekiof

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

8.7.2.3 The following constraints shall be applied for each hour # € {1, .. 24} and
each region » € ORREG:
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S10SDLy,; |+ z z S10SDG, p x

peBFECNRDL \ jefl0s beBFECNBDG \ ek 198

+ Z Z S10NDL,,, ;

beBFECNBDL \ jeioN

+ Z Z S10NXLy g
dedRECnpx \ jejpol

+ Z Z S10NDGy, 1

peBFECNRDG \ kekjiN

+ Z Z STONIGy, g

depRECnpI \kekp O

+ Z SREG10RViol, ,; = REGMIn10R,,;

i=1.NggGiorviol,

S10SDLy, ; |+ Z Z S10SDGy k.
beRFEGNRDL \ je 1oS beRFECNRDE \ kekl(s
+ Z Z S10NDLy,, ;
beBREGRDL \ jejioN

+ Z z S1ONXLy 4 ;

depfESnpx \jespoN

+ Z Z S10NDGy, ) x

beBRFEABDG \ ke

+ Z Z S10NIG, 4

deDRESnpr \kekpN

_ Z SXREG10RViol, ,

i=1.NXREG10RViol},

< REGMax10Ry,;
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Z S10SDLy,; | +

beBREGNBDL \ jejios

+

BEBFEGNBDL \ jerioN

deDFECnDX \ jejio

S10SDGy p

beBRECNBPG \ kek}9S

S10NDLy

Z S10NXLy 4,

S10NDGy 4

beBRECNBDG \ peklyN

deDFECnDI \kekpy

S10NIGp 4

Z S30RDLy,

bEBRECNBPL \ je 3ok

)

deDFECnDX \ jeJfof

S30RXLy 4,

S30RDGy p i

beBRECNBDG \ kekR

REG I0R
deDFECnDI \keK3Y
+ E SR

i=1.Npgczerviol,

Public

S30RIG, 4

EG30RViol,,; = REGMin30Ry,,;
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and

Z S10SDLy,; |+ Z Z S10SDGy b

beBFECNBDL \ jejiof beBRECNBPE \ kek]}®

+ Z S10NDLy,

beBFECnBDL \ je ioV

+ Z Z S10NXLy 4,

depfECnpx \ jesiol

+ Z Z S1ONDGy 4

beBRECNBDE \ kek}9Y

+ Z Z S10NIGy g1

depfECnpr \kerio

+ Z S30RDLy, 4

beBFECNBPL \ jef3oR

+ Z Z S30RXLyq

deDBECnDx \ jesiof

+ Z S30RDGypx

beBFECNBPE \ kekiIR

+ Z Z S30RIGy g

deDfECnpr \kekiF

_ Z SXREG30RViol,

i=1.NxrEcaorvioly,

< REGMax30Rj,,.

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
balance constraint in section 8.7.1.6, shall be used to produce these
schedules.

8.7.3.2  Pre-contigency, SPrelTLVioly), ;, and post-contingency, SITLViol. zy, ;,
transmission limit violation variables shall allow the day-ahead market
calculation engine to find a solution.
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8.7.3.3 For all hours / € {1, . ., 24} and facilities f € F, the linearized constraints
for violated pre-contingency limits obtained from the security assesment
function shall take the form:

PTECORSFth'Iﬂjmb

beBNDGygDG

- Z PreConSFy, - Withy,,
peBPRLyBDLypHDR

- Z VPreConSEy, ;. - VWithy p,
meM

+ Z PreConSFy ;4 - Injp q
dEDI

- Z PreConSFy ;4 - Withy, 4
dEDX

- Z SPrelTLViol; ), ;

L=1L.NprerrLviols,

< AdjNormMaxFlowy,

8.7.3.4 For all hours 2 € {1, .., 24}, contingencies ¢ € C, and facilities f € F}, .,
the linearized constraints for violated post-contingency limits obtained
from the security assesment function shall take the form:

SFIL,c,f,b - Iﬂjh,b - Z SFh,c,f,b - Withh,b
peBNDGBDG peBFPRLypDLypRHDR
_ Z VSFyepm - VWith, + z SFucra
meM deDl
.Injh,d - Z SF]L,C,f,{i - Withh,d
deDX

_ Z SITLViol, s ;
i=L.Nrriviol, p

< AdjEmMaxFlowy, .

8.7.4 Intertie Limits

8.7.4.1 A set of energy and operating reserve schedules shall be produced that
respect any security limits associated with interties between Ontario and
intertie zones. For all hours 4 € {1, .., 24} and all constraints z € Zg:
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acA: EnCoef fq z#0

)

1=1.NprexrTLviol,

+0.5 - (EnCoeff,, +1)

EnCoeff,, Z Z SIGpax — Z Z SXLna,

d€eDI, kEK}f,d dEDX, je]}id

Z Z S10NIGy g + Z S30RIG 4 | +

d€DIg kEKﬁ%N kEKf?i,DdR
Z Z STONXLyq; + Z S30RXLyq
AN e

SPreXTLViol,,; < MaxExtSch,, ,

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

8.7.4.2

Changes in the hour-to-hour net energy schedule over all intertie zones

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

8.7.4.2.1

8.74.2.2

8.7.4.3

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

It shall not be less than the net interchange schedule for the
previous hour minus the net interchange scheduling limit; and

Violation variables may be used for both the up and down ramp limits to

allow the day-ahead market calculation engine to find a solution and for
all hours A€ {1, .., 24}:

Z Z SIGh—l,d,k - Z Z SXLh—l,d,j - E.xtDSCh

deDl REKE_Ld

i 1E
dEDXJ'EJ.'l—l,d

_ Z SNIDViol,,;

i=1.Nnipviol,

S Z Z SIGh,d,k - Z Z SXLthJ'

deDI ke]{f’d dEDXjE]id
= § E SIGy_yqx — E § SXLyp_1,a,
depI kgK}iLd deDX jgjfi_l‘d

+ ExtUSC, + Z SNIUViol,, ;

L =1.Nniuvioly,

8.7.5 Penalty Price Variable Bounds
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8.7.5.1
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Penalty price variables shall be restricted to the ranges determined by the

constraint violation penalty curves for the As-Offered Scheduling

algorithm and for all hours 4 € {1, . ., 24}:

0 < SLdViol,; < QLdViolSchy,;

0 = SGenViol,,; = QGenViolSchy, ;

0 = S10SVioly,; = Q10SViolSchy, ;

0 = S10RVioly,; = Q10RViolSchy,;
0 < S30RViol,; < Q30RViolSchy,;

0 < SREG10RViol, ,; < QREG10RViolSchy, ;

. B .
i € {1,.., Nrggiorviol, }s

0 < SREG30RViol, ,; < QREG30RViolSchy, ;

. ; _
i € {1,.., Nrggsorviol, }s

0 < SXREG10RViol, ,; < QXREG10RViolSchy,

C .
i € {1,.., Nxregiorvio, };

0 < SXREG30RViol, ,; < QXREG30RViolSchy,

S .
i € {1,.., Nxregaorvioty >

0 < SPrelTLViol; ; = QPrelTLViolSchy y, ;

7 f .
i € {L..., Nprerrrviois ), J;

Public

foralli € {1,.., Nigyion, }:

foralli € {1,.., Ngenvior, s
foralli € {1,. .., Nigsvion, };
foralli € {1,... Niorvioy,}:
foralli € {1,.., N3ogvios, };

for all » € ORREG,

for all » € ORREG,

for all » € ORREG,

for all » € ORREG,

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

0 < SPreXTLViol,p; < QPreXTLViolSch, ; forall z € Zgp,

i € {L,... Nprexriviol, p}>

0 < SNIUVioly,; < QNIUViolSchy, foralli € {1,.., Nyyyior, }:
0 < SNIDVioly; < QNIDViolSchy, foralli € {I,. ., Nyspyior, }:
0 < SMaxDelVioly,,; < QMaxDelViolSchy,; for all b € BELR,

i € {l,.., Nyaxpewviol, };

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

i € {1, ... Nyinpewioly}:

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

i € {l,... Nemaxpetviol, >

0 < SSMinDelViol, s; < QSMinDelViolSchy,; for all s € SHE,

el .., N‘;Minbeilfiolh};

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

i € {1,.., NogenLnkviol, ) and

0< SUGenLnkVioIhr(bbbzﬂ < QUGenLnkViol,; forall (by,b,) € LNK,

i € {1,.., Nygeninkvioly}

8.8 Outputs

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

9 As-Offered Pricing

9.1 Purpose

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

9.2 Information, Sets, Indices and Parameters

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

9.2.1.1

9.2.1.2

9213

92.14

9.2.15

9.2.1.6

SDGﬁ}Z‘};, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, atbus b €
B Ry B"E inhour h € {1, . ., 24} in association with lamination & €
KlEzb;

ODGZ{QS , which designates whether the dispatchable generation resource

at bus b € B?C was scheduled at or above its minimum loading point in
hour h € {1, .., 24};

S1 OSDGZI,%, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € BELR y BYE in hour h € {1, . ., 24} in association with
lamination k € K,if)bs ;

S1 ONDGZI%Z, which designates the amount of non-synchronized fen-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BE“® U B inhour h € {1, .., 24} in

association with lamination k € K}Q%V ;

S30RDG§,{Z§C, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at
bus b € BE“® U B"E inhour 1 € {1, . ., 24} in association with lamination
k€ K?lf)bR ; and

OHOZ{OS, which designates whether the dispatchable hydroelectric

generation resource at bus b € B'F has been scheduled at or above

MinHO,, inhour h € {1, .., 24}.

9.3 Variables and Objective Function

9.3.1 The day-ahead market calculation engine shall solve for the same variables as in the
As-Offered Scheduling algorithm, section 8.3.1, with the following exceptions:
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9.3.1.1 IDG,,;, for bus b€ B¢ and hour h € {1, .., 24} shall not appear in the
formulation;

9.3.1.2 ODG,, for bus b€ BP% and hour A€ {1,.., 24} shall be fixed to a
constant value;

93.1.3  OHO,, for bus b€ B* and hour A€ {1, .., 24} shall be fixed to a
constant value;

9.3.1.4  [HE,,, for bus b€ B hour h€ {1, .., 24} and start indication value
i € {1,.., NStartMW,} shall not appear in the formulation;

93.1.5  SOGenLnkVioly, p,; for (by, by) € LNK such that by € By’ and b, €

BYE hourhe {1,..,24}andi € {1,.., NoGenLniviol,} shall not appear
in the formulation; and

9.3.1.6  SUGenLnkViol,, ., for (by,b,) € LNK such that b, € Bl and b, €
BYE hourh e {1,..,24 andi € {1,.., NGenLnivior,} shall not appear
in the formulation.

932 The objective function for the As-Offered Pricing algorithm shall maximize gains
from trade by maximizing the following expression:

(ObjPRLh + 0bjDL;, — ObjHDR,, + ObjVB, + ObjXL, — OijDGh)
— 0bjDGy, — ObjV Oy, — 0bjlG, — TB, — ViolCost,

h=1,.,24
where:
ObjPRLh - Z Z SPRLthU,‘ 'PPRLthJ
beBPRL \j ¢JE,
Z SDLh,b,j " PDLh,b,j - Z SlOSDLh,bJ - PlOSDLh'bJ' -
. 'E]E -Ejlos
ObjDL, = L T
bEBDL Z 510NDLh‘bJ * PlONDLh‘bJ - Z SSORDLthJ . PSORDLthJ
jenyY JERY

ObjHDR,, = Z Z SHDRy,,; - PHDRy,
beBHDR \ jejk

ObjVB, = Z Z SVBpp,j* PVBpyj
vEVB jEjE,v
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Z SXLh,d,j : PXLh,d,j - Z SloNXLh’d,j " PlONXLh,d,j

ObjXL, = felna e
h =
deEDX - Z S3ORXLh'd'j * PSORXLh’d'j
JETeR

ObjNDG), = 22 ZZ SNDGppx - PNDGyp

beBNDG \kekf,

Z SDGpp i PDGrp e + Z S10SDGp i * P1OSDGy i +

) keEKE, kek}9S
ObjDG), = : :
beBDG z SlONDGh‘b’k " PlONDGh'b,k + Z SsORDGh,b,k " P30RDGh,b,k
kekpON kek R

OijOh = z Z SVOh_.ka . PVOh.‘U,R

veEVO \kekf,

Z SIGth‘k . PIGh,d,k + Z SlONIGh’d,k * PlONIGh,d,k
ObilG Z KEKE 4 keki oV
Jibp =
deDl + Z SSOIGh,d,k * PSORIGthJk

Kkek;OR

9.3.2.1 The tie-breaking term (T Bj,) shall be the same term described in section
8.3.2.1.

9.3.2.2 ViolCost), shall be calculated as follows:
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ViolCost, = z SLdVioly; - PLdViolPrcy,;

i=1.Npaviel,

— Z SGenVioly, ; - PGenViolPrcy, ;

i=1--NGenVi0Eh

+ Z S10SViol,, ; - P10SViolPrcy ;

i=1..Nqosvioly,

+ Z S10RVioly, ; - P1ORViolPrcy ;
i=1.N1ioRviol

+ Z S§30RVioly, ; - P3ORViolPrcy ;
i=1.N3oRvioly

+ Z Z SREG10RViol, p, ;
TEORREG i=1--NREGloﬁ'V1'OIh

* PREG10RViolPrcy,;

+ Z Z SREG30RViol, ,;

TEORREG \i=1.Ngpgsorviol,
- PREG30RViolPrcy, ;
+ Z Z SXREG10RViol, , ;
TEORREG i=1--NXRE610RV1'OIh
- PXREG10RViolPrcy;
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Yy 2.

TEORREG \i=1.NygEGaorviol,

. pxREG30RViolPrch_i

+ Z Z SPrelTLViol, ,;

fEFp \i =1-—NPreITLViOIf.h

* PPrelTLViolPrcg

N Z Z z SITLViol, ;

CEC [E€Fnc \I=L1.NiTLViol.

. PITLVioIPrCC’f,h,i

+ Y >

2€Zsch \1=1.NprexTLViol,

SPreXTLViol, p, ;

- PPreXTLViolPrc,

Public

SXREG30RViol, p ;
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+ Z SNIUViol,; - PNIUViolPrc, ;

i =1.NNI1UVioly,

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

SESHE \i=1.NsMinDelViol,

9.4 Constraints

94.1 The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the optimization
function in the As-Offered Pricing algorithm.

9.5 Dispatch Data Constraints Applying to Individual Hours

9.5.1 Scheduling Variable Bounds

9.5.1.1  No schedule shall be negative, nor shall any schedule exceed the quantity
respectively offered for energy and operating reserve. For all hours
he{l,..,24}:
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0 < SPRLypy; < QPRLyy; forall b € BFRL j € JF ;
0 <SDLpy; < QDLyy forallb € BPL j € JE

0 < S10SDLyyp; < Q10SDLyy, ; forall b € BPL, j € J1 %’
0 < S10NDLyj,; < Q1ONDLyy, ; forall b € BPL, j € JOV;
0 < S30RDLyy,; < Q30RDLyy,; forall b € BP%, j € J30F;
0 < SHDRy,;,; < QHDRy,,; forall b € BHPR j e JF
0 <SVBy,; < QVBy,; forallv € VB, j € Jf ;

0 <SXLpaj < QXLpa; forall de DX, j € Jf 4;

0 < S10NXLjq; < Q1ONXLy 4 ; forall de DX, j € Jh%;

0 < S30RXLp4; < Q30RXLy 4, forall de DX, j € J;%;

0 < SNDGj i < QNDGp forall b € BNPY k € Kf):
0 <SVOhvi < QVOy i forall ve VO, k € K;E.U;

0 <SIGuar < QIGhax forall d€ DI k € K 4:

0 < S10NIGp g < Q1ONIG) 44 forall de DI k € K;%"; and
0 < S30RIG, 4, < Q30RIG) 4y forall de DI k € K3F

9.5.1.2 A dispatchable generation resource can be scheduled for energy and
operating reserve only if its commitment status variable is equal to 1. For
all hours h € {1, .., 24}:

0 <SDGppi < ODGyp - QDG forall b € B, k € K} ;
0 < S10SDGypx < ODGyy - Q10SDGy )y, forall b € BPY, k € K955

0 < SlONDGh,b'k < ODGh,b - QlONDGh,b,k fOI' all b [S BDG, k e KI%,%N;
and

0 < S30RDGyx < ODGy ), - Q30RDG,,, forallb € B¢, k € K OF

where:
ODGy, p 1s a fixed constant in the above constraints as per section 9.8.1.
9.5.2 Resource Minimums and Maximums

9.5.2.1 The constraints in section 8.5.2 shall apply in the As-Offered Pricing
algorithm.
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953 Off-Market Transactions

9.53.1 The constraints in section 8.5.3.1 and 8.5.3.2 shall apply in the As-Offered
Pricing algorithm.

9.5.3.2  Inthe case of emergency energy transactions, subject to section 9.5.3.3,
the constraints in sections 8.5.3.3 and 8.5.3.4 shall apply in As-Offered
Pricing algorithm.

9.533 For all hours h € {1, . ., 24} and all intertie zone buses scheduled to
import emergency energy that does not support an export d € DIEMNS:

9.5.4 Operating Reserve Requirements

9.54.1 The constraints in section 8.5.4 shall apply in the As-Offered Pricing
algorithm.

9.5.5 Pseudo-Units

9.5.5.1 The constraints in section 8.5.5 shall apply in the As-Offered Pricing
algorithm.

9.5.6 Dispatchable Hydroelectric Generation Resources

9.5.6.1 The constraints in section 8.5.6 shall apply in the As-Offered Pricing
algorithm, with the following exceptions:

9.5.6.1.1 offer laminations for energy corresponding to the hourly must-
run amount shall be ineligible to set prices;

9.5.6.1.2  minimum hourly output constraints shall be replaced by the
constraints in section 9.8; and

9.5.6.1.3 adispatchable hydroelectric generation resource’s schedule
shall respect its forbidden regions and may only set prices
within the operating range determined by the adjacent
forbidden regions between which the resource was scheduled.

9.5.7 Linked Wheeling Through Transactions

9.5.7.1 The constraints in section 8.5.7 shall apply in the As-Offered Pricing
algorithm.
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9.6

9.6.1

9.6.2

9.6.3

9.6.4

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

9.6.1.1 The constraints in section 8.6.1 shall apply in the As-Offered Pricing
algorithm.

Operating Reserve Ramping

9.6.2.1 The constraints in section 8.6.2 shall apply in the As-Offered Pricing
algorithm.

Energy Limited Resources

9.6.3.1 The constraints in section 8.6.4 shall apply to energy limited resources. If
the maximum daily energy limit is binding, then the constraints in section
9.8 shall apply.

Dispatchable Hydroelectric Generation Resources

9.6.4.1 A dispatchable hydroelectric generation resource shall be scheduled for
energy to at least its minimum daily energy limit. Violation variables for
scheduling a resource below its minimum daily energy limit may be used
to allow the day-ahead market calculation engine to find a solution. For
all dispatchable hydroelectric generation resource buses b € BE:

Z (ODGth ' ManDGb + Z SDGh,b,k

h=1.24 kEK.Eb

+ z SMinDelVioly, ,,; | = MinDEL,

I=1.NMinDelVioly,

9.6.4.2  The constraints in section 9.8.3.3 shall apply to a dispatchable
hydroelectric generation resource with a binding minimum daily energy
limit in the As-Offered Scheduling algorithm in section 8.

9.64.3 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum daily
energy limits. Violation variables for scheduling resources above the
maximum daily energy limit may be used to allow the day-ahead market
calculation engine to find a solution. For all sets s € SHE and all hours
He {l1,..,24}:
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Z Z ODGth ' ManDGb + Z SDGh,b,k

h=1.H \p eBHE keKE ),

+ Z 100RConv Z S10SDGy

b eBlE kek oS

+ Z S1ONDGy

10N

+ 300RConv Z S30RDGy p

30R
k€Ki b

_ Z SSMaxDelVioly ¢ ;

i=1.NsMaxDelVioly

< MaxSDEL

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

9.6.4.4  The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not violate shared minimum daily
energy limits. Violation variables for scheduling resources below the
minimum daily energy limit may be used to allow the day-ahead market
calculation engine to find a solution. For all sets s € SHE:

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

= HE E
h=1.24 \ b eB; kEKyy,

+ z SSMinDelViol,, ;; | = MinSDEL,

i=1.NsMinDelVioly,

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 As-Offered Pricing
algorithm, except the marginal loss factors used in the energy balance
constraint in the As-Offered Pricing algorithm shall be fixed to the
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marginal loss factors used in the last optimization function iteration of the
As-Offered Scheduling algorithm.

9.7.2 Operating Reserve Requirements
9.7.2.1 The constraints in section 8.7.2 shall apply in the As-Offered Pricing
algorithm.
9.7.3 IESO Internal Transmission Limits
9.7.3.1 The constraints in section 8.7.3 shall apply in the As-Offered Pricing
algorithm, except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of the
As-Offered Pricing algorithm.
9.7.4 Intertie Limits
9.7.4.1 The constraints in section 8.7.4 shall apply in the As-Offered Pricing
algorithm.
9.7.5 Penalty Price Variable Bounds
9.7.5.1 The following constraints shall restrict the penalty price variables to the
ranges determined by the constraint violation penalty curves for the
pricing algorithm. For all A€ {1, .., 24}:
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0 < SLaViol,,; < QLdViolPrcy,; foralli € {1, ... Ny )i

0 = SGenViol,; < QGenViolPrc,; foralli € {1,.., Ngenrios, 15

0 < 5108Violy,; < Q10SViolPrcy; foralli € {1..., Nygspios }5

0 < S10RViol, ; < Q10RViolPrcy; foralli € {1, .., Niggy,}:

0 < S30RViol, ; < Q30RViolPrcy; foralli € {1, .., N3grpio, };

0 < SREG10RViol, ,; < QREG10RViolPrcy; forallr € ORREG,i € {1, ..,
NREGlORVith}5

0 < SREG30RViol, ,; < QREG30RViolPrcy; for all » € ORREG, i € {l, ..,
NREGSORVioIh}5

0 = SXREG10RViol, ,; < QXREG10RViolPrcy,; forall » € ORREG,i€ {1, ..,
NXREGwRViozh};

0 < SXREG30RViol, ,; < QXREG30RViolPrcy,; forallr € ORREG,i € {1,..,
NXREGSORViozh};

0 < SPrelTLViol; ), ; < QPrelTLViolPrcyp,; forall f € F,,i€ {1,..,
Nprerriviots 35

0 < SITLViol. ;i < QITLVIOIPYC, f 1y i forallceC,f €EF, i€
L., NITLVEO.ECJ«‘;I};

0 < SPreXTLViol,,; < QPreXTLViolPrc,,; forallz € Zg., i € {1, . .,
NPTeXTLVialZ‘h};

0 = SNIUVioly,; < QNIUViolPrcy foralli € {1..., Nyvior, }:
0 = SNIDVioly,; = QNIDViolPrc,; foralli € {1..., Nympvior, }:
0 < SMaxDelViol, , ; < QMaxDelViolPrc,; forall b € BEIR, j € {1,. .,

NMaxDelViolh};

0 < SMinDelViol, ,; < QMinDelViolPrcy, ; forallb € B¥E i€ {1, ..,
Nyinpewior, 15

0 < SSMaxDelVioly, ; < QSMaxDelViolPrcy, ; foralls € SHE, i € {I,..,
NSMaxDelViolh}; and

0 < SSMinDelVioly, ;; < QSMinDelViolPrcy, ; foralls € SHEi € {1,..,

NSMinDeIVioIh}-

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

9.8.1 Commitment Status Variables

9.8.1.1 Commitment decisions shall be fixed to the commitment statuses of
resources calculated by the As-Offered Scheduling algorithm in section 8.
For all hours A€ {1, .., 24} and all buses b € BPG.
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ODG,, = ODG/5*

9.8.2 Energy Limited Resources

9.8.2.1

For an energy limited resource with a maximum daily energy limit that
was binding in the As-Offered Scheduling algorithm in section 8, the
schedules calculated in the As-Offered Scheduling algorithm shall
determine the price-setting eligibility of the resource’s energy and
operating reserve offer laminations. In each hour, energy or operating
reserve laminations up to the total amount of energy and operating reserve
scheduled in the As-Offered Scheduling algorithm shall be eligible to set
prices. For bus b € B*LR if there exists an hour H€ {1, ..,24} such that:

Z (ODcﬁgs-MinQDGb+ Z SDG,;{gﬁc)

h=1.H kEKf,b

+1OORCorw( Z S10SDG#%%

108
KEKES;

+ Z S10NDG{P%, )

10N
k€K

+ SOORConv( Z 530RDG,;‘§§k) = MaxDEL,

30R
kKEK )

then the maximum daily energy limit constraint shall be considered
binding in the As-Offered Scheduling algorithm. In such circumstances,
the following constraints must hold for bus & € BZL% for all hours
he{l,..,24}:

Z SDGppy < Z SDGH% + €
E E

Z SDGypx + Z S10SDGppx + Z S10NDGy,
kEKE ), kekiss kek iGNy
h-1
+ Z S30RDGy SMaxDELb—Z Z SDGHYy

30R

= E
kerzy =1 k€K,

where € is a small positive constant.

9.8.3 Dispatchable Hydroelectric Generation Resources
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9.8.3.1

9.8.3.2
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If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the As-Offered
Scheduling algorithm in section 8, such resource shall also be scheduled at
or above its minimum hourly output in the As-Offered Pricing algorithm.
The energy offer laminations corresponding to the minimum hourly output
amount shall be ineligible to set prices. If a dispatchable hydroelectric
generation resource with a minimum hourly output amount receives a zero
schedule in the As-Offered Scheduling algorithm, the resource shall also
receive a zero schedule in the As-Offered Pricing algorithm and shall be
ineligible to set prices in the energy market. For all hours A€ {1, .., 24}
and dispatchable hydroelectric generation resource buses b € BE:

0DGy,, - MinQDG, + z SDGppx = MinHOy, ;, - OHOJY®

KeKf
and for all k € Kf,b:

0 < SDGppy < OHORD - QDG

For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is limited to
set prices within an operating range consistent with the number of starts
utilized by the resource’s schedule determined by the As-Offered
Scheduling algorithm in section 8. The resource’s schedule shall be
between the same start indication values as determined in the As-Offered
Scheduling algorithm. For all hydroelectric buses b € B'"E and all hours
he{l,..,24}:
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9.8.3.3

9.8.34
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If 0 < ODGY® - MinQDG), + ZiekE, SDG/O% < StartMWw, ;.
then

0 < 0DG,, - MinQDG,, + SDGpp e < StartMW, ; — 0.1
kEK}
If StartMW,,; < ODG/9® - MinQDG,, + ZkEK’sbSDG;fgi <
StartMW,, ;,4 fori€ {1, .., (NStartMW, — 1)},

then

StartMWb'i < ODGh,b " MLnQDGb + Z SDG.’L,b,k
kekE,

< StaTtMWb,i_'_l —0.1

If ODGip* - MinQDGy, + Xk, SDGbs. 2 StartMWy nsiartw,,
then

0DG, - MinQDG, + SDGy p p = StartMWy, ysearemw,
KEKL,

For a dispatchable hydroelectric generation resource with a minimum
daily energy limit that was binding in the As-Offered Scheduling
algorithm in section 8, the energy schedules calculated in the As-Offered
Scheduling algorithm shall be ineligible to set prices. For all dispatchable
hydroelectric generation resource buses b € B such that MinDEL,, > 0
and

Z ODG/YS - MinQDG), + Z SDGY;. | < MinDEL,

h=1.24 kEKf,b

the following constraints shall apply for all hours
he {l,..,24} and offer laminations £ € K‘;ib:

SDGy i = SDGHDS,

For a dispatchable hydroelectric generation resource with a shared
minimum daily energy limit that was binding in the As-Offered Scheduling
algorithm in section 8, the energy schedules calculated for all resources in
the set s € SHE in the As-Offered Scheduling algorithm shall be ineligible
to set prices. Thus, for all sets s € SHE such that:
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Z Z ODG9S - MinQDG, + Z SDGRYS,

h=1.24 \p epHE kekk ),
< MinSDEL

the following constraints shall apply for all hours
he{l,..,24}:

ODGh,b ' ManDGb + Z SDGh,b,k

b epfE kekE,

> Z 0DGLYS - MinQDG, + Z SDGHD%

b eBHE keKE,

9.8.3.5  For a dispatchable hydroelectric generation resource with a binding
maximum daily energy limit in the As-Offered Scheduling algorithm in
section 8, the schedules calculated in the As-Offered Scheduling algorithm
shall determine the price-setting eligibility of the resource’s energy and
operating reserve offer laminations as described in section 9.8.2.

9.8.3.6  For a dispatchable hydroelectric generation resource with with a shared
maximum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 8, the schedules calculated in the As-
Offered Scheduling algorithm shall determine the price-setting eligibility
of the resource’s offer laminations for energy and operating reserve. In
each hour, the sum of energy schedules calculated in As-Offered
Scheduling algorithm for all resources in each set s € SHE will be
eligible to set prices. For each set s € SHE, if there exists H € {1,..,24}
such that:
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9.8.3.7
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Z Z ODGYS - MinQDG,, + Z SDGYS,

h=1.H \p eplE kEKF, ,
AOS
+ Z 100RConv S10SDG{9S,
b eBHE KEKE
+ Z S10NDG#H%S,
KRG
+ 300RConv S30RDGHYS,
KEKGE
= MaxSDEL;

then the maximum daily energy limit constraint shall be considered
binding in the As-Offered Scheduling algorithm in section 8. In such
circumstances, the following constraints shall apply for hours
he{l,..,24}:

Z Z SDGypi < Z Z SDGEDS, + €,
b b

beBHE kekE beBHE kekE

Z Z SDGppx + Z S10SDG 5 + Z S10NDGy, 1 &

beBHE \kekE kEKRY keKEN

+ Z S30RDGpp

30R
k€K p

h-1
< MaxSDEL, — Z Z Z SDG{E%.

beBHE 1=2 pekf,

where € is a small positive constant.

For a dispatchable hydroelectric generation resource for which a MWh
ratio was respected in the As-Offered Scheduling algorithm in section 8§,
such resource shall be scheduled between its As-Offered Scheduling
algorithm schedule plus or minus a tolerance A specified by the /ESO. The
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9.9

9.9.1

10

resource schedule shall continue to be limited by its offer quantity bounds,
in section 9.5.1, and any applicable resource minimum or maximum
constraints, in section 9.5.2. For all hours /# € {1, . ., 24} and dispatchable
hydroelectric generation resource buses b € BHE such b € {b;, b,} where

b, € B, and b, € BYE for some (b;,b,) € LNK with h + Lag, , <24:

max (0,006;;{35 - MinQDG,, + Z SDG9% — A,AdeinDGh,,,)
kekf,

< ODG{9S - MinQDG), + z SDGy 1

keﬁfb
MinQDG,, + Z QDGppx , ODGRYS - MinQDG, + Z SDGRYS. + A,
< min KEKE), KEKE )
AdeaxDGh,b

Outputs

Outputs for the As-Offered Pricing algorithm include the following:
9.9.1.1 shadow prices;

9.9.1.2  locational marginal prices and their components; and

9.9.13 sensitivity factors.

Constrained Area Conditions Test

10.1 Purpose
10.1.1 The Constrained Area Conditions Test shall:
10.1.1.1  identify when and where competition is restricted; and
10.1.1.2  determine which resources shall have their financial dispatch data
parameters be subject to the Conduct Test in section 11 and the thresholds
above the reference levels that shall be used in the Conduct Test.
10.2 Information, Sets, Indices and Parameters
10.2.1 The sets and parameters associated with narrow constrained areas and dynamic
constrained areas shall be identified in accordance with Appendix 7.8 and used by
the Constrained Area Conditions Test.
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10.2.2 Information, sets, indices and parameters for the Constrained Area Conditions Test
are described in sections 3 and 4. In addition, the following prices produced by the
As-Offered Pricing algorithm shall be used by the Constrained Area Conditions Test:

10.2.2.1  LMPF; OF which designates the locational marginal price for bus b € Bin
hour hE€ {1,..,24};

10.2.2.2  PCon hgf’ , which designates the congestion component of the /ocational
marginal price for bus b€ Bin hour h€ {1, .., 24};

10.2.2.3 EXtLMHng , which designates the locational marginal price for intertie
zone bus d€ Din hour h€ {1, .., 24};

10.2.2.4  PExtCon, h{?jp , which designates the intertie congestion component of the

locational marginal price for intertie zone bus d € D in hour
he{l,..,24};

10.2.2.5 PIntCon ,,,ZP , which designates the internal congestion component of the
locational marginal price for intertie zone bus d € D in hour

hefl,.., 24}

10.2.2.6  IntLM. ,Lgp , which designates the intertie border price for intertie zone
bus d€ Dinhour h€E {1,.., 24},

10.2.2.7  SPNormTy 0P which designates the shadow price for the pre-contingency
transmission constraint for facility f€ Fin hour h€ {1, .., 24};

10.2.2.8 SPEm ,Lgf, which designates the shadow price for the post-contingency
transmission constraint for facility f€ Fin contingency c € € in hour h;

10.2.2.9  SPNIUExtBwdT{°7 , which designates the shadow price for the net
interchange scheduling limit constraint limiting increases in net imports
between hour (h — 1) and hour h;

10.2.2.10 L30R ,LbOP , which designates the locational marginal price for thirty-
minute operating reserve atbus b € Bin hour h€ {1, .., 24};

10.2.2.11 L10NF; 0P ' which designates the locational marginal price for non-

synchronized fen-minute operating reserve at bus b € Bin hour
he{l,..,24}; and

10.2.2.12 LloSbeOP , which designates the locational marginal price for

synchronized fen-minute operating reserve at bus b € Bin hour
he{l,..,24}.
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10.3 Variables

10.3.1 The day-ahead market calculation engine shall use the constrained area conditions in
sections 10.4 and 10.5 to identify the resources that are part of the following data

sets:

10.3.1.1

10.3.1.2

10.3.1.3

103.1.4

10.3.1.5

10.3.1.6

10.3.1.7

10.3.1.8

10.3.1.9

10.3.1.10
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BCondp“4, which designates the resources in a narrow constrained area
that must be checked for local market power for energy in hour
hef{l,..,24};

BCond“?, which designates the resources in a dynamic constrained area
that must be checked for local market power for energy in hour

hefl,.., 24}

BCondi“, which designates the resources in a broad constrained area that
must be checked for local market power for energy in hour A€ {1, .., 24};

BCond$M?, which designates the resources that must be checked for
global market power for energy in hour A€ {1,.., 24};

BCond\%*, which designates the resources that must be checked for local

market power for synchronized ten-minute operating reserve in hour
he{l,..,24}

BCond:"", which designates the resources that must be checked for local

market power for non-synchronized ten-minute operating reserve in hour
he{l,..,24};

BCond"%, which designates the resources that must be checked for local
market power for thirty-minute operating reserve in hour h€ {1, .., 24};

BCond$MP19% which designates the resources that must be checked for

global market power for synchronized ten-minute operating reserve in
hour h e {1,..,24};

BCondiMP1ON | which designates the resources that must be checked for
global market power for non-synchronized ten-minute operating reserve in

hour K€ {1,..,24}; and

BCondi™P3OR which designates the resources that must be checked for

global market power for thirty minute operating reserve in hour
he{l,..,24}.
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10.4 Constrained Area Conditions Test for Local Market Power
(Energy)

10.4.1 Constrained Area Conditions Test for Narrow Constrained Areas and Dynamic
Constrained Areas

10.4.1.1

10.4.1.2

If at least one transmission constraint for a narrow constrained area or
dynamic constrained area is binding in the As-Offered Pricing algorithm,
then all resources identified within the narrow constrained area or
dynamic constrained area area shall undergo the applicable Conduct Test
in section 11 and:

10.4.1.1.1

10.4.1.1.2

For each n € NCA and hour /1 € {1, .., 24}: For each
transmission facility that transmits flow into n, f€ FY“4, check
if SPNormT,f?P # 0 or SPEm ,,,gfi 0 for the inbound flow
limit, the day-ahead market calculation engine will place n in

the set NCA,, "and assign the resources in n to the set
BCond)“; and

For each d€ DCAand hour h € {1, .., 24}: For each
transmission facility that transmits flow into d, f€ FJ“4, check
if SPNormEf}”J # 0 or SPEm h’gf # 0 for the inbound flow
limit, the day-ahead market calculation engine will place d in

the set DCAj, "and assign the resources in d to the set
BCond?“.

Each narrow constrained area and dynamic constrained area that meets
the criteria in section 10.4.1.1 shall be assigned to one of the following
subsets, as appropriate:

10.4.1.2.1

10.4.1.2.2

NCA,, ' designates the narrow constrained areas that qualify for
market power mitigation for energy in hour 4 € {1, .., 24};
and

DCA), ' designates the dynamic constrained areas that qualify
for market power mitigation for energy in hour h € {1,..,24}.

10.4.2

Constrained Area Conditions Test for Broad Constrained Areas

10.4.2.1 If the congestion component of the locational marginal price for a
resource is greater than BCACondThresh, and the resource is not part of a
narrow constrained area or dynamic constrained area that has a binding
transmission constraint, then the resource shall be tested for Conduct Test
under the broad constrained area thresholds. For each hour A€ {1, .., 24}

and bus b € B”C such that b ¢ BCondy)““u BCond}“, if
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PCon ,13" > BCACondThresh, the day-ahead market calculation engine
will place resource b in the set BCond?“4,

10.5 Constrained Area Conditions Test for Global Market
Power (Energy)

10.5.1 The day-ahead market calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to 10.5.2, if:

10.5.1.1 the intertie border prices at the global market power reference intertie
zones are greater than the specified threshold value, indicated in hour
hefl,..,24} by IntLMP{3" > IBPThresh for bids and offers, d €
DSMPRef ' corresponding to the boundary entity resource bus for the global
market power reference intertie zone; and
10.5.1.2  at least one of the following conditions is met:
10.5.1.2.1 import congestion, represented by a negative intertie
congestion component, is present on all of the global market
power reference interties, indicated in hour 4 € {1, .., 24} by:
PExtCongf9" < 0 for bids and offers, d € DEMPReS,
corresponding to the boundary entity resource bus for the
global market power reference intertie zone; or
10.5.1.2.2 the net interchange schedule limit is binding for imports,
represented by a non-zero net interchange schedule limit
shadow price for incremental imports, indicated in hour
h€ {1,..,24} by: SPNIUExtBwdT{ %" + 0.
10.5.2 If the conditions in sections 10.5.1 are met, then the day-ahead market calculation

engine shall test resources that can meet incremental load within Ontario for global
market power, for each hour A€ {1, .., 24}, place all b € B¢ in the set BCond"?,
unless they are excluded because of one of the following two conditions:

10.5.2.1

10.5.2.2
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the resources in any zone have congestion components at least $1/MWh
below the internal congestion component at all of the global market power
reference intertie zones:

10.5.2.1.1 if PCongi%’ < PIntCongi9" — $1/MWh where d € DEMPRef
is true for all global market power reference intertie zones; or

the resources can not meet the incremental load because of a binding
transmission constraint:
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10.5.2.2.1 if resources cannot meet incremental load because of any
binding transmission facility where SPNorm T}ffap #0 or
SPEmT}OF # 0.

10.6 Constrained Area Conditions Test for Local Market Power
(Operating Reserve)

10.6.1 Subject to section 10.6.1.3 for a regional minimum requirement of greater than zero
for a specific class of operating reserve, then all resources within the region with
offers for classes of operating reserve that can satisfy the requirements of the specific
class of operating reserve shall be tested for local market power:

10.6.1.1 A resource shall not qualify for local market power mitigation test for
operating reserve if the resource is located in a region with a binding
maximum constraint and for each resource b € BP¢ U BPL and hour
he{l,..,24}:

10.6.1.2  subject to section 10.6.1.3, if b is in a region with a non-zero minimum
requirement, then b is subject to the Conduct Test and is placed in the set
BCond}®, BCond}°N, or BCond;°R; and

10.6.1.3 if b is in a region with a binding maximum restriction constraint, then b is
exempt from the Conduct Test.

10.7 Constrained Area Conditions Test for Global Market
Power (Operating Reserve)

10.7.1 A resource shall be subject to global market power mitigation testing for operating
reserve if its offers for a class of operating reserve where the locational marginal
price for that class of operating reserve is greater than ORGCondThresh.

10.7.2 Subject to section 10.7.3, if the condition in section 10.7.1 has been met for a class of
operating reserve, then all resources with offers for classes of operating reserve that
can satisfy the requirements of that class of operating reserve shall be tested and for
each b€ B°“ U BP" and hour hE {1,.., 24}:

10.7.2.1 if LIOSbeDp > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCondfMP105;

10.7.2.2 if L10NPt{DbDP > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCond®MP10N: and

10.7.2.3  if L30RP" > ORGCondThresh, the day-ahead market calculation

engine shall add resource b to BCond&MF3°R,
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10.7.3

10.8

10.8.1

11

11.1

11.1.1

11.2

11.2.1

11.3

11.3.1

If b is in a region with a binding maximum constraint, then b shall be exempt from
the Conduct Test.

10.7.3.1 If a resource is located in a region with a binding regional maximum
constraint, then the resource shall not qualify for global market power
mitigation testing for operating reserve.

Outputs

Outputs of the Constrained Area Conditions Test include the list of resources that
will be subject to the Conduct Test in section 11 and the thresholds that will be used
in the Conduct Test for those resources.

Conduct Test

Purpose

The Conduct Test shall verify whether the financial dispatch data parameter values
submitted by registered market participants for resources identified in section 10.8.1
are within the applicable threshold level of the corresponding reference level values
for those resources.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Conduct Test in section 11 are
described in section 3. In addition, the list of resources produced pursuant to section
10.8.1 shall also be used by the Conduct Test.

Variables

The day-ahead market calculation engine shall apply the Conduct Test set out in
sections 11.4 and 11.5 to the resources identified by the Constrained Area Conditions
Test in accordance with section 10.8, to identify the following data sets:

11.3.1.1  The sets of resources that failed the Conduct Test for at least one financial
dispatch data parameter, where:

11.3.1.1.1 BCT}* designates the resources in a narrow constrained area
that failed the Conduct Test for at least one financial dispatch
data parameter in hour h€ {1, .., 24};

11.3.1.1.2 BCTP“? designates the resources in a dynamic constrained
area that failed the Conduct Test for at least one financial
dispatch data parameter in hour h€ {1, .., 24};
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11.3.1.2

Page 101 of 167

11.3.1.1.3 BCTF“ designates the resources in a broad constrained area
that failed the Conduct Test for at least one financial dispatch
data parameter in hour h€ {1, .., 24};

11.3.1.1.4 BCT{™M? designates the resources that failed the global market
power for energy Conduct Test for at least one financial
dispatch data parameter in hour h€ {1, .., 24};

11.3.1.1.5 BCTPRE designates the resources that failed the local market
power for operating reserve Conduct Test for at least one
financial dispatch data parameter in hour h€ {1, .., 24}; and

11.3.1.1.6 BCTYRC designates the resources that failed the global market
power Conduct Test for operating reserve for at least one
financial dispatch data parameter in hour h € {1,..,24};

The following financial dispatch data parameters for all hours
he{l,..,24}:

11.3.1.2.1 PARAME,  designates the set of dispatch data parameters that
failed the energy Conduct Test at bus b € BCTy“4 U BCTP“A U
BCTPFYy BCTEMP in hour h, and may include the following
dispatch data parameters:

11.3.1.2.1.1  EnergyOlffer, designates the non-zero quantity
of energy above the minimum loading point in
association with offer lamination k€ K,b; p failed
the Conduct Test;

11.3.1.2.2 For all hours prior to and including the last hour where
conditions are met for the energy Conduct Test:

11.3.1.2.2.1  EnergyToMLP, designates the non-zero quantity of
energy up to the minimum loading point in association
with offer lamination k€ K%7** failed the Conduct
Test;

11.3.1.2.2.2  SUOffer designates the start-up offer failed the
Conduct Test; and

11.3.1.2.2.3  SNLOfter designates the speed no-load offer failed
the Conduct Test;

11.3.1.2.3 PARAMOR,, ;, designates the set of dispatch data parameters
that failed the operating reserve Conduct Test at bus b €
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BCTPRL U BCTPRC in hour h, and may include the following
dispatch data parameters:

11.3.1.2.3.1  OR10S50fter; designates the non-zero quantity of
synchronized fen-minute operating reserve in
association with offer lamination k € K}fbs failed the
Conduct Test;

11.3.1.2.3.2  OR10NOftery designates the non-zero quantity of
non-synchronized ten-minute operating reserve in
association with offer lamination k€ K33 failed the
Conduct Test;

11.3.1.2.3.3  OR30ROffer; designates the non-zero quantity of
thirty-minute operating reserve in association with offer
lamination k€ K3) failed the Conduct Test; and

11.3.1.2.4 For all hours prior to and including the last hour where
conditions are met for the operating reserve Conduct Test:

11.3.1.2.4.1  SUOffer designates the start-up offer failed the
Conduct Test;

11.3.1.2.4.2  SNLOffer designates the speed no-load offer failed
the Conduct Test; and

11.3.1.2.4.3  EnergyToMLP, designates the non-zero quantity of
energy up to the minimum loading point in association
with offer lamination kK € Kf p failed the Conduct Test.

11.4 Conduct Test for Energy

11.4.1 The day-ahead market calculation engine shall perform the Conduct Test for energy
for resources in a narrow constrained area that were identified pursuant to section
10.8.1 as follows, subject to sections 11.4.2 and 11.4.3. For each hour A€ {1, .., 24}
and b € BCond)“4, the day-ahead market calculation engine shall:

11.4.1.1 Evaluate offers for energy above the minimum loading point: For all k €
K.y, if PDG),, > CTEnMinOffer and
PDGy, i > min(PDGRef, , , *(1 + CTEnThresh1™“'), PDGRef, , .+
CTEnT hresh2NCA), where k' € K}fb, then the Conduct Test was failed for
the resource at bus b and the day-ahead market calculation engine shall

assign the resource to subset BCT) “ and add EnergyOiffer, to
PARAME,, »;
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11.4.1.2  Evaluate offers for energy for the range of production up to the minimum
loading point: For all hours prior to and including the hour that qualified
to be tested under the Constrained Area Conditions Test, for all k€
K", if PLTMLB, ., > CTEnMinOffer and
PLTMLBE, . > min(PLTMLPRef;,, * (1+ CTEnThresh1 V%),
PLTMLPRef )+ CTEnT, hresh2V“Y), where k'€ K| ,'fb, then the Conduct
Test was failed for the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BCT)'“? and add
EnergyToMLF, to PARAME}, , and PARAMORy, ;;

11.4.1.3  Evaluate start-up offers: For all hours prior to and including the hour
where conditions are met for the Constrained Area Conditions Test in
section 10 , if SUDG,;, > SUDGRef,,,*(1 + CTSUThresh"*), then the
Conduct Test was failed for the resource at bus b and the day-ahead

market calculation engine shall assign the resource to subset BCT})'“4 and
add SUOfferto PARAME}, , and PARAMOR,, 5; and

11.4.1.4 Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNL;, ,> SNLRefy, ,*(1 +
CTSNLThresh"“?), then the Conduct Test was failed for the resource at
bus b and the day-ahead market calculation engine shall assign the
resource to subset BCT'“! and add SNLOffer to PARAME}, j, and
PARAMOR, ),

11.4.2 For resources identified pursuant to section 10.8.1 in a dynamic constrained area or
broad constrained area, the day-ahead market calculation engine shall use the steps in
section 11.4.1 , using resources in BCond]“* or BCond;“4, as the case may be, in
place of BCond)“* and using the applicable Conduct Test thresholds
CTEnThresh1P“A CTEnThresh2P“A, CTEnThresh15¢4, CTEnThresh2%“4,
CTSUThresh”“4, CTSUThresh®‘4, CTSNLThresh”“4, CTSNLThresh?“A. If any of
the financial dispatch data parameters of a resource fail the Conduct Test, the
resource shall be assigned to subset BCTY“4 or BCTP“4, as the case may be.

11.4.3 For resources identified pursuant to section 10.8.1 that were selected for global
market power mitigation testing for energy, the day-ahead market calculation engine
shall use the steps in section 11.4.1, using resources in BCond$™" in place of
BCond)“ and the applicable global market power Conduct Test thresholds
CTEnThresh1“MF, CTEnThresh2“MF, CTSUThresh®™*, CTSNLThresh®™”. 1f any of
the applicable financial dispatch data parameters of a resource fails the Conduct
Test, the resource shall be assigned to subset BCT, MP .

11.4.4 If a resource is assigned to more than one of the sets, BCondf,VCA, BCondECA,

BCond?“4, and BCond$™", only the Conduct Test with the most restrictive threshold

levels shall be performed for that resource.
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11.5 Conduct Test for Operating Reserve

11.5.1 The day-ahead market calculation engine shall perform the Conduct Test for local
market power for operating reserve for resources that were identified pursuant to
section 10.8.1, as follows, subject to 11.5.3. For each hour A€ {1,..,24} and b€
BCond®S U BCond:®V U BCond3"F, the day-ahead market calculation engine shall:

11.5.1.1

Page 104 of 167

Evaluate offers for operating reserve as follows:

11.5.1.1.1

11.5.1.1.2

11.5.1.1.3

11.5.1.1.4

for all k € K;9 if P1OSDG,, , ;> CTORMinOffer and
P10SDGppj > min(PLOSDGRef ;*(1 +
CTORThresh1°fL), P10SDGRef, , .+ CTORThresh2?*"),

where k' € K,’,%,?S , then the Conduct Test was failed for the
resource at bus b and the day-ahead market calculation engine

shall assign the resource to subset BC TR and add
OR10S0ffer, to PARAMOR,, ;,;

for all k € K;,9" if PLONDG,, ;,, > CTORMinOffer and
PlONDGh’b,k > min (PlONDGRef}Lb’k‘*(l +
CTORThresh1°fL), PIONDGRef, , ,. + CTORThresh2°™"),

where k'€ K, ,12” , then the Conduct Test was failed for the
resource at bus b and the day-ahead market calculation engine

shall assign the resource to subset BCT?RL and add
OR10NOffer, to PARAMOR,, ;,; and

for all k € K39 if P30RDGy , x > CTORMinOf fer and
P30RDGy, . > min(P30RDGRefp, i * (1 +
CTORThresh1°RE), P3ORDGRefy, 1, o + CTORThresh29RL),
where k' € K; PR, then the Conduct Test was failed for the
resource at bus b and the day-ahead market calculation engine

shall assign the resource to subset BCTS*" and add
OR30ROffer, to PARAMOR), ;

for all j € J;3 if PLOSDL,, ;> CTORMinOffer and
PLOSDLy ;> min (P1OSDLRef, , .* (1 + CTORThresh1°®"),

P10SDLRef, bj‘+CTORThresh20RL) , where j' € J;1p°, then the

Conduct Test was failed for the dispatchable load at bus b and
the day-ahead market calculation engine shall assign the

resource to subset BCT;"" and add OR10S0ffer, to
PARAMORy, ,;
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11.5.1.1.5 forallj € ;" if PLONDL,, ), ; > CTORMinOffer and
P1ONDGy, ;> min (PLONDLRef, , . *(1 + CTORThresh1°®"),

P1ONDLRef, , ..+ CTORThresh2°%") , where j' € J;H9¥, then
the Conduct Test was failed for the dispatchable load at bus b
and the day-ahead market calculation engine shall assign the
resource to subset BCT;"" and add OR10NOffer, to
PARAMORy, j,; and

11.5.1.1.6 for allj € J;9" if P3ORDL,, ,; > CTORMinOffer and
P30RDLy,,; > min (P30RDLRef, , .*(1 + CTORThresh1®"),

P30RDLRef, , . + CTORThresh2™") , where j' € ;)% then

the Conduct Test was failed for the dispatchable load at bus b
and the day-ahead market calculation engine shall assign the
resource to subset BCTPRE and add OR30ROf fery to
PARAMORy, p;

11.5.1.2  Evaluate start-up offers: For all hours prior to and including the hour that
meets the Constrainted Area Conditions Test, if SUDG}, ;, >
SUDGRef,,, (1 + CTSUThresh®RY), then the Conduct Test was failed for
the resource at bus b and the day-ahead market calculation engine shall
assign the resource to subset BCTYRL and add SUOffer to PARAMOR, ,
and PARAME}, ;

11.5.1.3  Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNL;, , > SNLRef,,* (1 +
CTSNLThreshPfh), then the Conduct Test was failed for the resource at
bus b and the day-ahead market calculation engine shall assign the
resource to subset BCTY®X and add SNLOfferto PARAMOR, j, and
PARAME}, jy; and

11.5.1.4 Evaluate offers for energy for the range of production up to the minimum
loading point: For all hours prior to and including the hour that meets the
conditions test, for all k€ ,J,MLP , it PLTMLPF, },;, > CTEnMinOffer and
PLTMLP, ;> min(PLTMLPRef,,;,*(1 + CTEnThresh1°%%),
PLTMLPRef ;,, + CTEnThresh29R), where k'€ Kj-,, then the Conduct
Test was failed for the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BCTPRL and add
EnergyToMLP, to PARAMOR,, , and PARAME, ;.

11.5.2 The day-ahead market calculation engine shall perform the Conduct Test for global
market power for operating reserve for resources that were identified pursuant to
section 10.8.1. The day-ahead market calculation engine shall use the steps set out in

Page 105 of 167 Public IMO_FORM _1087v13.00
REV-21-06



section 11.5.1 using resources in BCondy""™%5, BCond$M°, and BCond"7°k in
place of BCond:?S, BCond:®", and BCond;"¥, respectively, and the applicable
Conduct Test thresholds CTORThresh19R¢, CTORThresh2%R¢, CTSUThresh®R¢,
CTSNLThresh®R¢, CTEnThresh19R¢, CTEnThresh29RC. The resources shall be
assigned to the subset BCTYRC.

11.5.3 If a resource is assigned to more than one of BCond?™™°S, BCondiM" N and

BCondi™3°R only the Conduct Test with the most restrictive threshold levels shall
be performed for that resource.

11.6 Outputs

11.6.1 Subject to section 11.6.2, the outputs of the Conduct Test shall include the following
for each hour ~ € {1, .., 24}:

11.6.1.1  The set of resources that failed the Conduct Test for at least one financial
dispatch data parameter by condition type;

11.6.1.2  The financial dispatch data parameters that failed the Conduct Test for
the resource at bus b; and

11.6.1.3 A revised set of financial dispatch data parameters for resources that
failed a Conduct Test with dispatch data parameters that failed the
Conduct Test replaced with reference level values. For offers for energy
and operating reserve with multiple laminations:

11.6.1.3.1 if the offer lamination for energy that corresponds to the
minimum loading point fails the Conduct Test, the day-ahead
market calculation engine shall replace all offer laminations for
energy up to the minimum loading point,

11.6.1.3.2 if one or more offer laminations for energy above the minimum
loading point fails the Conduct Test, the day-ahead market
calculation engine shall replace all offer laminations for energy
up to and above the minimum loading point; and

11.6.1.3.3 if one or more offer laminations for operating reserve fails the
Conduct Test, the day-ahead market calculation engine shall
replace all offer laminations for operating reserve.

11.6.2 The day-ahead market calculation engine shall not replace the financial dispatch data
parameter for a resource with that resource’s applicable reference level value if the
financial dispatch data parameter is less than the corresponding reference level
value.
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12

12.1

12.1.1

12.1.2

12.2

12.2.1

12.2.2

12.3

12.3.1

12.3.2

12.4

12.4.1

12.5

Reference Level Scheduling

Purpose

The day-ahead market calculation engine shall perform the Reference Level
Scheduling algorithm where at least one financial dispatch data parameter for a
resource failed the Conduct Test in section 11.

The Reference Level Scheduling algorithm shall perform a security-constrained unit
commitment and economic dispatch to maximize gains from trade using dispatch
data submitted by registered market participants, including reference level value for
resources subject to section 12.2.2, to meet the /ESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve requirements for
each hour of the next dispatch day.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Reference Level Scheduling
algorithm are described in section 3 and 4. In addition, the list of resources that failed
the Conduct Test from section 11.6.1.1 and a revised set of financial dispatch data
parameters from section 11.6.1.3, for those resources shall be used by the Reference
Level Scheduling algorithm.

The Reference Level Scheduling algorithm shall use the reference level value that
corresponds to any financial dispatch data parameter submitted for a resource that
failed the Conduct Test.

Variables and Objective Function

The day-ahead market calculation engine shall solve for the variables listed in section
8.3.1.

The objective function for the Reference Level Scheduling algorithm shall be the
same as the objective function in section 8.3.2, subject to section 12.4.

Constraints

The constraints in sections 8.4 through 8.7 apply in the Reference Level Scheduling
algorithm, except that the sensitivities and limits considered for /ESO internal
transmission limits shall be those provided by the most recent security assessment
function iteration of the Reference Level Scheduling algorithm.

Outputs
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12.5.1

13

13.1

13.1.1

13.1.2

13.2

13.2.1

Outputs of the Reference Level Scheduling algorithm include resource schedules and
commitments.

Reference Level Pricing

Purpose

The day-ahead market calculation engine shall perform the Reference Level Pricing
algorithm whenever the Reference Level Scheduling algorithm has been performed.

The Reference Level Pricing algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade using dispatch data submitted by registered
market participants, reference level values for resources subject to section 13.2.2,
and resource schedules and commitments produced by the Reference Level
Scheduling algorithm, to meet the /ESO’s average province-wide non-dispatchable
demand forecast and IESO-specified operating reserve requirements for each hour of
the next dispatch day.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Reference Level Pricing
algorithm are described in sections 3 and 4. In addition, the following resource
schedule and commitments from the Reference Level Scheduling algorithm shall be
used by the Reference Level Pricing algorithm:

13.2.1.1 SDG,’fli’SJ(, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG,, at bus b €
BFLR Y BAE in hour h € {1, .., 24} in association with lamination k € Kf b

13.2.1.2 ODG]%S designates whether the dispatchable generation resource at bus

b € B¢ was scheduled at or above its minimum loading point in hour
he{l,.., 24}

13.2.1.3 ﬂOSDGﬂfk, which designates the amount of synchronized fen-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BFLR y BE in hour A€ {1, .., 24} in association with
lamination £ € K}LObS ;

13.2.14 .S'lONDG,%’Sk, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B8 U B in hour h€ {1, .., 24} in
association with lamination k€ K39/

L
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13.2.1.5

13.2.1.6

.SBORDG%% which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at
bus b€ B8y BHE in hour A€ {1, .., 24} in association with lamination
k€ ,,f)bR; and

OH. hff, which designates whether the dispatchable hydroelectric

generation resource at bus b € BF has been scheduled at or above
MinHOp, in hour K€ {1,.., 24}.

13.2.2 The Reference Level Pricing algorithm shall use a resource’s reference level value
for any financial dispatch data parameters submitted by registered market
participants that failed the Conduct Test.

13.3 Variables and Objective Function

13.3.1 The day-ahead market calculation engine shall solve for the variables set out in
section 9.3.1.

13.3.2 The objective function used in the Reference Level Pricing algorithm shall be the
same as the objective function set out in section 9.3.2, subject to section 13.4.

13.4 Constraints

13.4.1 The constraints that apply in the Reference Level Pricing algorithm shall be the same
as the constraints in sections 9.4 through 9.8, with the following exceptions:

13.4.1.1

13.4.1.2

13.4.1.3

Page 109 of 167

the marginal loss factors used in the energy balance constraint in section
9.7.1 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the Reference Level Scheduling
alogorithm;

the sensitivities and limits in section 9.7.3 shall be replaced with the most
recent security assessment function iteration of the Reference Level
Pricing algorithm; and

for the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Reference Level Scheduling algorithm as follows:

13.4.1.3.1 SDGZ{% shall be replaced by SDG%,'S;{ for all
hefl,..,24},be B uB™ ke KL,

13.4.1.3.2 ODGZ{QS shall be replaced by ODG%S for all
he{l, .., 24}, b€ B,
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13.5

13.5.1

14

14.1

14.1.1

14.1.2

14.2

14.2.1

13.4.1.3.3 S10SDG; 95 shall be replaced by S10SDGr, for all
he{l,..,24},be B uB" ke K5,

13.4.1.3.4 SIONDG,%; shall be replaced by STONDGRY, for all
he{l,.., 24}, b€ B uB" ke K,

13.4.1.3.5 S30RDG;95 shall be replaced by S30RDGRE for all
he{l,..,24}, b€ By B ke K and

13.4.1.3.6 OHO;9" shall be replaced by OHOLS® for all
he{l,..,24},b € BHE,

Outputs
Outputs of the Reference Level Pricing algorithm include the following:
13.5.1.1 shadow prices; and

13.5.1.2  locational marginal prices and their components.

Price Impact Test

Purpose

The day-ahead market calculation engine shall perform the Price Impact Test
whenever at least one financial dispatch data parameter for a resource failed the
Conduct Test.

The Price Impact Test shall:

14.1.2.1 compare the locational marginal prices for energy or operating reserve
produced by the As-Offered Pricing algorithm with those produced by the
Reference Level Pricing algorithm; and

14.1.2.2  consider the corresponding offer parameters to have failed the Price
Impact Test if the difference in price in section 14.1.2.1 is greater than the
applicable impact threshold in section 4.3.8.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters for the Price Impact Test are described in
sections 3 and 4. In addition, the following locational marginal prices from the As-
Offered Pricing algorithm and the Reference Level Pricing algorithm shall be used by
the Price Impact Test:
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14.2.1.1

14.2.1.2

14.2.1.3

14.2.1.4

14.2.1.5

14.2.1.6

14.2.1.7

14.2.1.8

LM P,{}{,’P , which designates the locational marginal price for energy at bus
b€ Binhour h€ {1,.., 24} from the As-Offered Pricing algorithm;

L30RF, 0P which designates the locational marginal price for thirty-

minute operating reserve at bus b€ Bin hour A€ {1,.., 24} from the As-
Offered Pricing algorithm;

L10NF, 0P which designates the locational marginal price for non-

synchronized fen-minute operating reserve at bus b € Bin hour
he{l,..,24} from the As-Offered Pricing algorithm;

L105F, gp , which designates the locational marginal price for

synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the As-Offered Pricing algorithm;

LM}}%P , which designates the locational marginal price for energy at bus
b€ Binhour h€ {1,.., 24} from the Reference Level Pricing algorithm;

L30RF, LP which designates the locational marginal price for thirty-

minute operating reserve at bus b€ Bin hour A€ {1, .., 24} from the
Reference Level Pricing algorithm;

L10NF, LP which designates the locational marginal price for non-
synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the Reference Level Pricing algorithm; and

L10S. pr , which designates the locational marginal price for
synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1 The day-ahead market calculation engine shall apply the Price Impact Test as set out
in sections 14.4 and 14.5 for the resources identified in accordance with section
10.3.1, to identify:

14.3.1.1
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A set of resources that failed the Price Impact Test for each condition for
all hours A€ {1, .., 24}, where:

14.3.1.1.1 BIT}4 designates the resources in a narrow constrained area
that failed the Price Impact Test for the locational marginal
price for energy;
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14.3.1.1.2 BIT? ¢4 designates the resources in a dynamic constrained area
that failed the Price Impact Test for the locational marginal
price for energy;

14.3.1.1.3 BITP“! designates the resources in a broad constrained area
that failed the Price Impact Test for the locational marginal
price for energy;

14.3.1.1.4 BIT{M? designates the resources that failed the global market
power (energy) Price Impact Test for the locational marginal
price for energy;

14.3.1.1.5 BITPRL designates the resources that failed the local market
power (operating reserve) Price Impact Test for at least one
type of locational marginal price for operating reserve,

14.3.1.1.6 BITPRE designates the resources that failed the global market
power (operating reserve) Price Impact Test for at least one
type of locational marginal price for operating reserve; and

14.3.1.1.7 LMPIT, , designates the locational marginal price that failed
the Price Impact Test for bus b € BIT)“4 U BITP“ U
BITP u BITFMP U BITPRE U BIT?RC in hour h; and

14.3.1.2  Locational marginal prices for energy and operating reserve for each
resource at bus b € B¢ U BP! that failed the Price Impact Test, where:

14.3.1.2.1 EnergyLMP designates that the locational marginal price for
energy failed the Price Impact Test;

14.3.1.2.2 OR10SLMP designates that the locational marginal price for
synchronized ten-minute operating reserve failed the Price
Impact Test;

14.3.1.2.3 OR10NLMP designates that the locational marginal price for
non-synchronized ten-minute operating reserve failed the Price
Impact Test; and

14.3.1.2.4 OR30RLMP designates that the locational marginal price for
thirty-minute operating reserve failed the Price Impact Test.

14.4 Price Impact Test for Energy

14.4.1 The day-ahead market calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for energy in section
11.6.1.1, as follows:
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14.4.1.1

14.4.1.2

For local market power for energy:

14.4.1.1.1

14.4.1.1.2

14.4.1.1.3

Foreach hour 2 € {1,..,24} and b€ BCT};VCA, if

LMPEP > min(LMBY (14 ITThresh1VN4), LMP” +
ITThresh2V¢4), the Price Impact Test was failed by the
resource at bus b and the day-ahead market calculation engine
shall assign the resource to subset BTy and add EnergyLMP
to LMPIT,,

For each hour /2 € {1, .., 24} and b€ BCTY“, if

LMPLOP > min(LMPIEP*(14+ ITThresh 1°C4),

LMBY + ITThresh2P“4), the Price Impact Test was failed by
the resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BITY“4 and add
EnergyLMPto LMPIT, p,; and

For each hour 4 € {1, .., 24} and b€ BCTF“, if

LMP)" > min(LMB™ (14 ITThresh15¢4),

LMBY + ITThresh25¢4), the Price Impact Test was failed by
the resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BITP“ and add
EnergyLMPto LMPIT, .

For global market power for energy:

14.4.1.2.1

For each hour 4 € {1, .., 24} and b€ BCTFM if

LMPBY" > min(LMBY™(1+ ITThresh1MP),

LMBY + ITThresh2¢MP), the Price Impact Test was failed by
the resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BITSM" and add
EnergyLMPto LMPIT}, ;.

14.5 Price Impact Test for Operating Reserve

14.5.1 The day-ahead market calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for operating
reserve in section 11.6.1.1, as follows:

14.5.1.1
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For local market power for operating reserve, for each hour A€ {1, .., 24}

and b € BCTPRE:

14.5.1.1.1

If LBORP,fg 7> I30R A LP then the Price Impact Test was
failed by the resource at bus b and the day-ahead market
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14.5.1.2

calculation engine shall assign the resource to subset BIT?®:
and add OR30RLMPto LMPIT, p;

14.5.1.1.2 If LZLIONAPP > L10NBS, then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BIT?®:
and add OR10NLMPto LMPIT, ;; and

14.5.1.1.3 If LlOS[?fl?P > L10SPL}”, then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BIT?®:
and add OR10SLMPto LMPITy .

For global market power for operating reserve, for each hour
h€{1,..,24} and b€ BCTPRS:

14.5.1.2.1 If L30RBY” > min(L30 RBY,™ (1+ ITThresh1°7%),
L30RBY + ITThresh29RC), then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BITYRC
and add OR30RLMPto LMPIT, p;

14.5.1.2.2 If LZIONE > min(L10NBS*(1+ ITThresh197C),
L10NBE + ITThresh2°%%), then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BITPR¢
and add OR10 NLMPto LMPIT, p; and

14.5.1.2.3 1f L10SEYT > min(L10SBY™ (1+ ITThresh1°7%),
LloSPfép +ITThresh2°RC), then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource BITY?¢ and
add OR10SLMPto LMPIT}, .

14.6 Revised Financial Dispatch Data Parameter Determination

14.6.1.1 A resource that fails the Price Impact Test shall have its financial dispatch data
parameters revised as follows:

14.6.1.1
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If the resource has failed a Price Impact Test for energy and is in BT},
BIT?“, BITPC, or BITF™, the dispatch data parameters in PARAME), ,

shall be used to determine the dispatch data parameters that shall be
replaced.
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14.6.1.2

14.6.1.3

14.6.1.4

14.6.1.5

14.6.1.6
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If the resource has failed a Price Impact Test for operating reserve and is
in BIT?RL or BITPRC, the dispatch data parameters in PARAMOR;, , shall
be used to determine the dispatch data parameters that shall be replaced.

If a non-quick-start resource has failed a Price Impact Test in any hour,
the commitment cost parameters that failed the corresponding Conduct
Test shall be replaced with the resource’s applicable reference level value
for that hour. For any hours prior, any commitment cost parameters for
that resource that failed the Conduct Test shall be replaced with the
resource’s applicable reference level values in those hours. This is
expressed as:

14.6.1.3.1 For each hour 4 € {1, .., 24} and all b€ BYS such that b€
BITY4 u BITP“4 U BITF“ U BITFMP, for hours prior to and
including the hour that failed the Price Impact Test,
He({1,..,h},if b€ BCTY“A U BCTE v BCTE“A v BCTSM?
and PARAME};, contains any of the commitment cost
parameters SUOfter, SNLOffer, or EnergyToMLPE,, these
parameters shall be replaced with reference levels.

Section 14.6.1.3 shall apply to the tests for local market power and global
market power for operating reserve, except PARAMOR ;, shall be
checked in place of PARAME},.

If a resource is in a narrow constrained area or a dynamic constrained
area and has failed a Price Impact Test, each resource in the same narrow
constrained area or dynamic constrained area that also failed the
corresponding Conduct Test shall have its offer data replaced with its
applicable reference level value for that hour. For each hour
he{l,..,24}:

14.6.1.5.1 if BIT)"“? includes one or more resource in a narrow
constrained area, n, each resource b € BCTY 4 for the narrow
constrained area, n, shall have the parameters in PARAME}, ;,
replaced with its reference level values; and

14.6.1.5.1 if BIT?“! includes one or more resources in a dynamic
constrained area, d, each resource b€ BC T,? CA for dynamic
constrained area, d, shall have the parameters in PARAME,, ,,
replaced with its reference level values.

If a non-quick-start resource in a narrow constrained area or a dynamic
constrained area has failed a Price Impact Test, each non-quick start
resource in the narrow constrained area or dynamic constrained area that
also failed the corresponding Conduct Test shall have its commitment cost
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14.6.1.7

14.6.1.8
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parameters replaced with its applicable reference level value for that hour.
For any hours prior, if a non-quick-start resource in that narrow
constrained area or dynamic constrained area has a commitment cost
parameter that failed the Conduct Test, that commitment cost parameter
shall be replaced with the resource’s applicable reference level value in
those hours. This is expressed as:

14.6.1.6.1 For all hours up to the hour in which a resource failed the Price
Impact Test for a narrow constrained area, for all b€ BCTN¢4,
if PARAME}, ;, contains any of the commitment cost parameters
SUOfter, SNLOffer, or EnergyToMLP,, replace these
parameters with reference level values.

14.6.1.6.2 For all hours up to the hour in which a resource failed the Price
Impact Test for a dynamic constrained area, for all
b€ BCTP4, if PARAME),;, contains any of the commitment
cost parameters SUOfter, SNLOffer, or EnergyToMLF,,
replace these parameters with reference level values.

If a resource fails the local market power for operating reserve Price
Impact Test, all resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test for at least one parameter shall have the
parameter that failed the Conduct Test replaced with the resource’s
applicable reference level value for that hour. This is expressed as:

14.6.1.7.1 For each hour h€ {1,.., 24}, if BIThORL includes one or more
resources in operating reserve region, 1, all
resources, b € BITPRE for operating reserve region, r, shall
have the parameters in PARAMOR),, , replaced with reference
level values.

If a non-quick start resource fails the local market power for operating
reserve Price Impact Test in any hour, the commitment cost parameters for
all non-quick start resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test shall be replaced with the resource’s
applicable reference level value for that hour. For any hours prior, any
commitment cost parameters of non-quick start resources that failed the
Conduct Test shall be replaced with the resource’s applicable reference
level value in those hours. This is expressed as:

14.6.1.8.1 For all hours up to the hour in which a resource failed the Price
Impact Test for 7, for all b€ BCTPRL, if PARAME, b CONtains
any of the commitment cost parameters SUOfter, SNLOffer, or
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14.7

14.7.1

14.7.2

15

15.1

15.1.1

15.1.2

15.2

15.2.1

EnergyToMLP,, replace these parameters with reference level
values.

Outputs

The day-ahead market calculation engine shall prepare the following outputs for each
hour K€ {1,..,24}:

14.7.1.1 The set of resources that failed the Price Impact Test, by condition, in
accordance to sections 14.4 and 14.5;

14.7.1.2  The locational marginal prices for energy and operating reserve that
failed the Price Impact Test for each resource at bus b in accordince to
sections 14.4 and 14.5; and

14.7.1.3 A revised set of offer data for resources that failed the Price Impact Test,
replacing offer data that failed the Conduct Test with the applicable
reference level values, in accordance with section 14.6.

The day-ahead market calculation engine shall not replace financial dispatch data
parameters for a resource with that resource’s applicable reference level value if the
dispatch data is less than the reference level value.

Mitigated Scheduling

Purpose

The day-ahead market calculation engine shall perform the Mitigated Scheduling
algorithm if at least one resource failed the Price Impact Test in section 14.

The Mitigated Scheduling algorithm shall perform a security-constrained unit
commitment and economic dispatch to maximize gains from trade using dispatch
data submitted by registered market participants, including resource reference level
values subject to section 15.2.2, to meet the /ESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve requirements for
each hour of the next dispatch day.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Mitigated Scheduling algorithm
are described in section 3 and 4. In addition, the Mitigated Scheduling algorithm shall
use the list of resources that failed the Price Impact Test and a revised set of financial
dispatch data parameters for those resources.
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15.2.2 For resources identified in section 14.7.1, the Mitigated Scheduling algorithm shall
use reference level value for any financial dispatch data parameters that failed the
Conduct Test.

15.3 Variables, Objective Function and Constraints

15.3.1 The day-ahead market calculation engine shall solve for the variables set out in
section 8.3.1.

15.3.2 The objective function for the Mitigated Scheduling algorithm shall be the same as
the objective function in section 8.3.2, subject to the constraints in sections 8.4
through 8.7. The sensitivities and limits used in section 8.7.3 shall be replaced with
those provided by the most recent security assessment function iteration in the
Mitigated Scheduling algorithm.

15.4 Outputs

15.4.1 Outputs of the Mitigated Scheduling algorithm include resource schedules and
commitments.

16 Mitigated Pricing

16.1  Purpose

16.1.1 The day-ahead market calculation engine shall perform the Mitigated Pricing
algorithm if the day-ahead market calculation engine performs the Mitigated
Scheduling algorithm.

16.1.2 The Mitigated Pricing algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade using dispatch data submitted by registered
market participants, resource reference level value subject to section 16.2.2, and
resource schedules and commitments produced by the Mitigated Scheduling
algorithm, to meet the /ESO’s average province-wide non-dispatchable demand
forecast and /ESO-specified operating reserve requirements for each hour of the next
dispatch day.

16.2 Information, Sets, Indices and Parameters

16.2.1 Information, sets, indices and parameters used by the Mitigated Pricing algorithm are
described in sections 3 and 4. In addition, the following resource schedules and
commitments from the Mitigated Scheduling algorithm shall be used by the Mitigated
Pricing algorithm:
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16.2.2

16.3

16.3.1

16.3.2

16.4

16.4.1

16.2.1.1

16.2.1.2

16.2.1.3

16.2.1.4

16.2.1.5

16.2.1.6

SDG%; « designates the amount of energy that a dispatchable generation
resource is scheduled to provide above MinQDG) at bus b € B8y B in
hour A€ {1, .., 24} in association with lamination k € Kf B

ODG%;E designates whether a dispatchable generation resource at bus b €

BP¢ was scheduled at or above its minimum loading point in hour
hefl,.., 24}

.S'IOSDG',’% « designates the amount of synchronized ten-minute operating
reserve that a dispatchable generation resource is scheduled to provide at
bus b€ B8y BHE in hour A€ {1, .., 24} in association with lamination
k€ K},f)bs;

S‘lONDGfIf’g « designates the amount of non-synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € B8y B"E in hour A€ {1,.., 24} in association with

S ON.
lamination k€ K, ;,';

.SBORDGZ[;E « designates the amount of thirty-minute operating reserve that
a dispatchable generation resource is scheduled to provide at bus b €

BFLRY B in hour A€ {1, .., 24} in association with lamination XK€ K3
and

OHO%g designates whether a dispatchable hydroelectric generation

resource at bus b € B has been scheduled at or above MinH0,,, in hour
hefl,.., 24}

For each resource identified in section 14.7.1, the Mitigated Pricing algorithm shall
use such resource’s reference level value for any financial dispatch data parameters
that failed the Conduct Test.

Variables and Objective Function

The day-ahead market calculation engine shall solve for the variables listed in section

9.3.1.

The objective function for the Mitigated Pricing algorithm shall be the same as the
objective function in section 9.3.2, subject to section 16.4.

Constraints

The constraints that apply in the Mitigated Pricing algorithm shall be the same as the
constraints in sections 9.4 through 9.8, with the following exceptions:
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16.4.1.1

16.4.1.2

16.4.1.3

16.5 Outputs

The marginal loss factors used in the energy balance constraint in section
9.7.1 shall be fixed to the marginal loss factors used in the last iteration of
the optimization function in the Mitigated Scheduling algorithm.

The sensitivities and limits used in section 9.7.3 shall be replaced with
those provided by the most recent security assessment function iteration in
the Mitigated Pricing algorithm.

For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Mitigated Scheduling algorithm as follows:

16.4.1.3.1 SDG495 shall be replaced by SDG; , for all
he{l,..,24},beB*®uB" kekj,,

16.4.1.3.2 ODG}9® shall be replaced by ODGY5 for all
he{l,..,24}, b€ BPS;

16.4.1.3.3 S10SDG;95 shall be replaced by S10SDG}5 . for all
he{l,..,24},be B uB" kek;5;

16.4.1.3.4 S10NDGZ‘,Z§{ shall be replaced by S10NDG§\£ i for all
he{l,..,24},be B u B keK,},

16.4.1.3.5 S30RDG; %5 shall be replaced by S30RDG); ;. for all
he{l,..,24},be B uB" ke K;9%; and

16.4.1.3.6 OHO;9® shall be replaced by OHO}'S for all
he{l,..,24},be B,

16.5.1 Outputs of the Mitigated Pricing algorithm include the following:

16.5.1.1

Shadow prices; and

16.5.1.2  Locational marginal prices and their components.
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17

17.1

17.1.1

18

18.1

18.1.1

18.2

18.2.1

Pass 2: Reliability Scheduling and
Commitment

Purpose

Pass 2 shall use market participant and IESO inputs along with resource and system
constraints to determine a set of resource schedules and commitments. Pass 2 shall
consist of the Reliability Scheduling algorithm described in section 18.

Reliabilty Scheduling

Purpose

The Reliability Scheduling algorithm shall use dispatch data submitted by registered
market participants and perform a security-constrained unit commitment and
economic dispatch to meet the I[ESO’s peak province-wide non-dispatchable demand
forecast and /ESO-specified operating reserve requirements for each hour of the next
day to minimize the cost of additional commitments.

Information, Sets, Indices and Parameters

Information sets, indices and parameters used by the Reliability Scheduling algorithm
are described in sections 3 and 4. The Reliability Scheduling algorithm shall also use
the following:

18.2.1.1  resource schedules, commitments, and /ocational marginal prices from
Pass 1, where:

18.2.1.1.1 SXL%, 4, designates the amount of energy that a boundary entity
resource 1s scheduled to export at intertie zone bus d€ DXin
hour A € {1, .., 24} in association with lamination j € /f, &

18.2.1.1.2 SDG}L bk designates the amount of energy that a dispatchable
generation resource is scheduled to provide above
MinQDG), at bus b€ BFLRu B in hour he€ {1,..,24} in
association with lamination k € K,’f b

18.2.1.1.3 ODG}L p, designates whether a dispatchable generation resource

at bus b € B”“ was scheduled at or above its minimum loading
point in hour h€ {1, .., 24};
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18.2.1.2
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18.2.1.1.4

18.2.1.1.5

18.2.1.1.6

18.2.1.1.7

18.2.1.1.8

S108DG), bk designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B8 U BF in hour

he€{1,..,24} in association with lamination kK € K}If)bs ;

.S‘lONDG}L 5k designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus » € BELR U BHE in hour

he€{l,..,24} in association with lamination k€ K}fb’v ;

.SBORDG}L bk designates the amount of thirty-minute operating
reserve that a qualified dispatchable generation resource is
scheduled to provide at bus b € B8 U B in hour
he{l,..,24} in association with lamination k£ € ,If)bR;

516',17’4 « designates the amount of energy that a boundary entity
resource is scheduled to import at intertie zone bus d € DI in
hour A€ {1,.., 24} in association with lamination k€ Kf &
and

LM}}}, ,, designates the locational marginal price in hour
he{l,..,24} atbus be BFRy BHE; and

the buses identifying either single energy limited resources or multiple
dispatchable hydroelectric generation resources with a registered forebay,
and the subset of resources with a binding maximum daily energy limit
constraint from Pass 1:

18.2.1.2.1

18.2.1.2.2

BLUM= BELR y {BYE for all s € SHE} designates the set of buses
identifying either energy limited resources or dispatchable
hydroelectric generation resources sharing a maximum daily
energy limit; and

BPND ¢ BLMM designates the subset of buses identifying either
energy limited resources, or dispatchable hydroelectric
generation resources sharing a maximum daily energy limit,
with a binding maximum daily energy limit constraint from
Pass 1, where:

a maximum daily energy limit shall be considered binding if the
criteria in sections 9.8.2 and 9.8.3.6 are met using ODG}L b

SDGy 1 S10SDG} 1,1, SLONDG, ,  and S30RDG .
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18.2.2 The Reliability Scheduling algorithm shall use reference level value for any financial
dispatch data parameters that failed the Conduct Test associated with resources
identified in section 14.7.

18.2.3 Dispatchable loads, non-dispatchable generation resources, and the energy offered
above minimum loading point for dispatchable generation resources shall be
evaluated in the Reliability Scheduling algorithm as follows:

18.2.3.1

18.2.3.2

18.2.3.3

18.2.3.4

18.2.3.5

18.2.3.6
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PRucDL,, ;,; designates the energy price for incremental energy
consumption in hour 4 € {1, .., 24} at dispatchable load bus b € B"" in
association with bid lamination j € /,’;F, » Where:

PRLICDL}Lb’/’ = mI'II(H,PDLh,b,j);

PRuc10SDLy , ; designates the price of being scheduled to provide
synchronized ten-minute operating reserve in hour h€ {1,.., 24} at

dispatchable load bus b € BPL in association with offer lamination j €

/},’%5, where:

PRucl0 SDLh,b,j = min(nIP]' OSDLII,b,/');

PRuc10NDLy ,; designates the price of being scheduled to provide non-
synchronized ten-minute operating reserve in hour h€ {1,.., 24} at
dispatchable load bus b € BP" in association with offer lamination j €

],11,(},” , where:

PRuclONDLy,,; = min(n,PLONDLy, );

PRuc30RDL;, ;,; designates the price of being scheduled to provide thirty-
minute operating reserve in hour h€ {1, .., 24} at dispatchable load bus
b€ BP! in association with offer lamination j € /33, where:

PRuc30RDLy,;, j = min(n, P30RDLy ), ;);

PRucNDG} , ; designates the energy price for incremental generation in
hour h € {1,.., 24} at non-dispatchable generation resource bus b €
BNPG in association with offer lamination X € K7 ,, where:

PRLICNDG/Lb’k = min(n, PNDG[z,b,k);

PRucDGy, , ; designates the energy price for incremental generation in
hour A€ {1, .., 24} at dispatchable generation resource bus b € B”“ in
association with offer lamination k € K,b; » Where:

PRUCDG]Lb’k = min(n, PDGIz,b,k);
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18.2.3.7

18.2.3.8

18.2.3.9

PRuc105DGy, , ; designates the price of being scheduled to provide
synchronized ten-minute operating reserve in hour h€ {1,.., 24} at
dispatchable generation resource bus b € B¢ in association with offer
lamination kK € K},f’bs , where:

PRLIClOSDG/I,hk = min(n, PlOSDG[],b,k);

PRuc10NDG, ;, ;. designates the price of being scheduled to provide non-
synchronized ten-minute operating reserve in hour h€ {1,.., 24} at

dispatchable generation resource bus b € BP“ in association with offer

lamination kK € ,,f’bN , where:

PRLIC].ONDG]Lb’k = min(n, PlONDG]Lb’k);

PRuc30RDG}, ,  designates the price of being scheduled to provide thirty-
minute operating reserve in hour A€ {1, .., 24} at dispatchable generation
bus b € B in association with offer lamination & € bf)bR, where:

PRuc30RDG),,; =min(n, PZORDG,);

where:
n = $0.10/MWh;

18.2.4 For the set of resources identified in the buses in section 18.2.1.2, incremental
quantities of energy at or above minimum loading point shall be evaluated in the
Reliability Scheduling algorithm as follows:

18.2.4.1

18.2.4.2

18.2.4.3
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Q1DG, p, i designates an incremental quantity of energy that a resource
may be scheduled to provide in hour A€ {1, .., 24} in association with
offer lamination k € K,’f » and corresponding to the Pass 1 scheduled
portion of the lamination, where:

QLDGy i = SDGy 4

P1DGy, ;. designates the price for the incremental quantity of energy that a
resource may be scheduled to provide in hour h € {1,..,24} in association
with offer lamination k € K,‘f 5 and corresponding to the Pass 1 scheduled
portion of the lamination, where:

PLDG), = min (PDGy i, — LMPL,);

Q2 DGy, p, i designates an incremental quantity of energy that a resource
may be scheduled to provide in hour A4 € {1, .., 24} in association with
offer lamination k € Kf ;, and corresponding to the Pass 1 unscheduled
portion of the lamination, where:
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18.2.4.4

QZDGII,b,k: QDGII,b,k — SDG}J,b,kI and

P2DGp, p,  designates the price for the incremental quantity of energy that
a resource may be scheduled to provide in hour 2€ {1, .., 24} in
association with offer lamination k € K,"j » and corresponding to the Pass 1
unscheduled portion of the lamination, where:

max(n, PDGy, . — LMP; ) if b € BBND

P2DG = .
hbke {min (n, PDGpp 1) otherwise

18.3 Variable and Objective Function

18.3.1 The day-ahead market calculation engine shall solve for the variables listed in section

8.3.1.

18.3.2 The objective function for the Reliability Scheduling algorithm shall be the same as
the objective function in section 8.3.2, with the following exceptions:

18.3.2.1

18.3.2.2

18.3.2.3
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The day-ahead market calculation engine shall remove the variables for
price responsive loads (SPRLy ), virtual transaction bids (PVBy,,
QVBy,,,)), and virtual transaction offers (PVOy,,, 1, @VOy, ) from the
objective function;

The day-ahead market calculation engine shall add the following
variables to the objective function:

18.3.2.2.1 S1DG, designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B“M in
hour A€ {1,.., 24} in association with lamination k€ Kf b
corresponding to the Pass 1 scheduled portion of the
lamination; and

18.3.2.2.2 S2 DG}, designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus » € BYM in
hour A€ {1, .., 24} in association with lamination k € K,b; b
corresponding to the Pass 1 unscheduled portion of the
lamination;

The objective function coefficients for dispatchable loads, non-
dispatchable generation resources and dispatchable generation resources
shall be modified to reflect the price of incremental energy from such
resources as specified in section 18.2.3; and
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18.3.2.4  The objective function coefficients for single energy limited resources and
multiple dispatchable hydroelectric generation resources with a registered
forebay shall be modified to reflect the pricing of the Pass 1 scheduled and
unscheduled portions as specified in section 18.2.4.

18.3.3 The objective function for the Reliability Scheduling algorithm shall minimize the
cost of additional commitments by maximizing the following expression:

Z (ObjDL,, — ObjHDR,, + ObjXL,, — OijDGh)

— ObjDG, — ObjIG, — TBy, — ViolCost,
h=1,.,24

where:

0bjDL,
Z SDL.’L,b,j . PRHCDLh‘b,j — Z SlOSDthb‘j . PRHClOSDLh,bJ -
_ J€lhp JERY
bepDL Z SlONDLh’DJ' ' PRuClONDLth,j - Z S30RDLh,b,j ' PRUC30RDthbJ
i iy J eIy
ObjHDR, = Z Z SHDRy, ;, ;- PHDRy, ), ;
beBHDR \ jejF )
Z SXLh,d,j " PXLh,d,j - Z S].ONXLh'dJ' * P].ONXLh,d,j
;e 1E ;710N
ObjXL, = Z Tha T€Ind
deDX - Z S3ORXLh,dJ " PBORXLh,d,j
i€l
ObJNDGh = Z Z SNDGh,b,k . PRucNDGh,b,k
beBNDG \kekE,
Page 126 of 167 Public IMO_FORM _1087v13.00

REV-21-06



0bjDG,

( Z SDGh,b,k ' PR'U,CDGh]ka>
bEBDG, beBLIM kEKfELZb

+ Z ( Z (S]-DGh,b,k ' PlDGh,b,k + SZDGh‘b'k " PZDGh,b,k)>

LIM E
bes keKy ),

S10SDG), 1 - PRuc10SDG, 5 +
N KeK}SS
b Z S10NDGy, ;1 - PRuc10NDG,, ;1 + Z S30RDGy pj * PRuc30RD Gy p e

10N

30R
kek;9 KEKp

+ Z (0DG,,, - MGODG,,, + IDGy - SUDG), )

bepN@s

Z SIGhli,k " PIGh,d,k + Z SlONIGh,d,k " PlONIGhd,k

ObilC Z kekf kekioN
Jiby =
deDIl + E S30R16h,d,k . PBOR[Gh,d,k

30R
keKEY

18.3.3.1 The tie-breaking ( 75,,) and the violation cost ( ViolCost),) terms used shall
be the ones defined in sections 8.3.1 and 8.3.2.

18.4 Constraints
18.4.1 The Reliability Scheduling algorithm optimization shall apply the constraints
described in sections 18.5 through 18.7 and 18.8.
18.5 Dispatch Data Constraints Applying to Individual Hours
18.5.1 Scheduling Variable Bounds and Commitment Status Variables
18.5.1.1  The constraints shall be the same as in section 8.5.1 with the following
exceptions:
18.5.1.1.1 the constraints applying to price responsive loads in section
8.5.1.6 shall be removed; and
18.5.1.1.2 the constraints applying to virtual transaction bids and offers in
section 8.5.1.6 shall be removed.
18.5.2 Resource Minimums and Maximums
18.5.2.1  The constraints in section 8.5.2 shall apply for dispatchable loads, non-
dispatchable generation resources and inadvertent payback transactions.
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18.5.2.2  The constraints in section 8.5.2 shall apply for dispatchable generation
resources, except the alternative forecast (A£G, ) is replaced with the
IESO’s centralized forecast (FGy,p). That is:

min(MaxDGy, ,, FGy,) if b € B'C

AdjMaxDGy) = { MaxDG,,, otherwise

and
AdjMinDGy;, = min(MinDGy,, AdjMaxDGy, ;)

Then, for all hours 72 € {1, ..,24} and all buses b €
BP¢:

AdjMinDG,, < MinQDG, - ODG,, , + Z SDG,p s

< AdjMaxDG,,

18.5.3 Operating Reserve Requirements

18.5.3.1 The constraints in section 8.5.4 shall apply for operating reserve
requirements.

18.5.4 Pseudo-Units
18.5.4.1 The constraints in section 8.5.5 shall apply for pseudo-units.
18.5.5 Dispatchable Hydroelectric Generation Resources

18.5.5.1  The constraints in section 8.5.6 shall apply for dispatchable hydroelectric
generation resources.

18.5.6 Linked Wheeling Through Transactions

18.5.6.1  The constraints in section 8.5.7 shall apply for linked wheeling through
transactions.

18.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
18.6.1 Energy Ramping

18.6.1.1  The constraints in section 8.6.1 shall apply for energy ramping.
18.6.2 Operating Reserve Ramping

18.6.2.1  The constraints in section 8.6.2 shall apply for operating reserve ramping.
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18.6.3

Non-Quick-start Resources

18.6.3.1  The constraints in section 8.6.3 shall apply for non-quick start resources.

18.6.4 Energy Limited Resources
18.6.4.1 The constraints in section 8.6.4 shall apply for energy limited resources.
18.6.5 Dispatchable Hydroelectric Generation Resources
18.6.5.1  The constraints in section 8.6.5 shall apply for dispatchable hydroelectric
generation resources.
18.7 Constraints for Reliability Requirements
18.7.1 Energy Balance
18.7.1.1  The constraint in section 8.7.1 shall apply in the Reliability Scheduling
algorithm, with the following exceptions:
18.7.1.1.1 price responsive loads shall be removed from the total amount
of scheduled energy withdrawals, Withy, ;, in section 8.7.1.1;
18.7.1.1.2 the net withdrawal for virtual transaction zones, VWith, ,, in
sections 8.7.1.2 and 8.7.1.6 shall be removed; and
18.7.1.1.3 the Reliability Scheduling algorithm shall use the /ESO’s peak
province-wide non-dispatchable demand forecast (PFLy), in
place of the IESO’s average province-wide non-dispatchable
demand forecast (AFLy).
18.7.1.2  The total amount of energy withdrawals scheduled at load bus b€ Bin
hour Z€ {1, .., 24}, Withy,;, shall be:
Z DLy ; if b e BPL
i €l
Z (QHDRy,, ; — SHDRy ;) if b € BHDR
J€Ifp
18.7.1.3  The total amount of energy withdrawals scheduled at intertie zone bus
d€ DXinhour h€ {1,.., 24}, With,, 4, shall be:
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Withh’d - z SXLh,d,j

JEIF 4

18.7.1.4  The total amount of energy injections scheduled at internal bus b € Bin
hour A€ {1,.., 24}, Inj, , shall be:

Inj,, = Of ferinj, , + RampInj,

where:
Of ferInjy
Z SNDG p 1 if b € BNDG
_ KEKE ),
ODGh'b'MinQDGb + Z SDGhbk Lfb EBDG
kEKEb
and
RamplInjy ),

RampEy,,, * IDG . p if b€ BNOS
w=1l.min(RampHrsp,24—h)
0 otherwise

18.7.1.5 The total amount of energy injections scheduled at intertie zone bus d € DI
in hour € {1, .., 24}, Injj, 4 shall be:

Injpq = Z SIGy g -

E

18.7.1.6  Energy injections and withdrawals at each bus shall be multiplied by one
plus the marginal loss factor from the security assessment function to
reflect the losses or reduction in losses that result when injections or
withdrawals occur at locations other than the reference bus. These loss-
adjusted energy injections and withdrawals must then be equal to each
other, after taking into account the adjustment for any discrepancy
between total and marginal losses. Load or generation reduction associated
with the demand constraint violation shall be subtracted from the total
load or generation to allow the day-ahead market calculation engine to
produce a solution. For hour A€ {1, .., 24}:
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PFLh + Z (1 + MglLOSSth) . Withh'b
bEBDLUBHDR
+ Z (1+MglLossy 4) - Withy, 4

deEDX

- Z SLdeOlh,i

i=1.Npdaviol),

— Z (1 + MglLossyy) - Injy,
bepNDGypDG

+ Z (14 MglLossyq) * Injq
d€DI

_ Z SGG’TLViOlh‘i + LOSSAdjh-

i=1.Ngenvioly,
18.7.2 Operating Reserve Requirements
18.7.2.1  The constraints in section 8.7.2 shall apply for operating reserve.
18.7.3 IESO Internal Transmission Limits

18.7.3.1 The constraints in section 8.7.3 shall apply for /ESO internal transmission
limits. The sensitivities and limits applied shall be provided by the most
recent security assessment function iteration of the Reliability Scheduling
algorithm, with the following exceptions:

18.7.3.2  The terms for price responsive loads in sections 8.7.3.3 and 8.7.3.4 shall
be removed; and

18.7.3.3  The terms for bids and offers for virtual transactions in sections 8.7.3.3
and 8.7.3.4 shall be removed.

18.7.4 Intertie Limits
18.7.4.1  The constraints in section 8.7.4 shall apply for intertie limits.
18.7.5 Penalty Price Variable Bounds

18.7.5.1  The constraints in section 8.7.5 shall apply for penalty price variable
bounds.

18.8 Constraints to Respect Pass 1 Decisions

18.8.1 The Reliability Scheduling algorithm shall not schedule energy import schedules for
boundary entity resources below those import schedules determined in Pass 1. For all
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18.8.2

18.8.3

18.8.4

18.8.5

18.9

18.9.1

hours A€ {1, .., 24} and intertie zone buses d € DI that are not part of a /inked
wheeling through transaction:

Z SIGpay = Z SIG} 4

E E

The Reliability Scheduling algorithm shall not schedule energy export schedules for
boundary entity resources above those export schedules determined in Pass 1. For all
hours A€ {1, .., 24} and intertie zone buses d € DXthat are not part of a linked
wheeling through transaction:

The Reliability Scheduling algorithm shall not de-commit dispatchable generation
resources committed in Pass 1. For all hours A€ {1, .., 24} and buses b € BPG:

ODG, = ODG},

For single energy limited resources and multiple dispatchable hydroelectric
generation resources with a registered forebay, the Reliability Scheduling algorithm
shall ensure the schedule for each offer lamination is equal to the schedules
corresponding to the Pass 1 scheduled and unscheduled portions. For all buses b €
BY™ ‘hours A€ {1, .., 24} and offer laminations k€ K7, ;;

SDGh,b,k = SlDGh,b,k + SZDGh,D,k

The generation resource schedules for the Pass 1 scheduled and unscheduled portions
of the lamination shall respect the incremental quantity of energy beyond the
minimum loading point that may be scheduled. For all buses b € B“M, hours
he{l,..,24} and offer laminations k€ K,‘ib:

0 <51DGp, < Q1DGy
and

0 <S2DGpp, < Q2DGppk

Outputs

Outputs of the Reliability Scheduling algorithm shall include resource schedules and
commitments.
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19

19.1

19.1.1

20

20.1

20.1.1

20.2

20.2.1

Pass 3: DAM Scheduling and Pricing

Purpose

Pass 3 shall use market participant and IESO inputs along with resource and system
constraints to determine a set of resource schedules, commitments, and shadow
prices, as well as a set of schedules and /locational marginal prices that shall be used
for settlement. Pass 3 consists of the DAM Scheduling algorithm described in section
20 and the DAM Pricing algorithm described in section 21.

DAM Scheduling

Purpose

The DAM Scheduling algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade using dispatch data submitted by registered
market participants, reference level values for resources subject to section 20.2.2,
and resource schedules and commitments from the Reliability Scheduling algorithm,
to meet the /ESO’s average province-wide non-dispatchable demand forecast and
IESO-specified operating reserve requirements for each hour of the next dispatch
day.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters for the DAM Scheduling algorithm are
described in sections 3 and 4. In addition, the following resource schedules and
commitments from Pass 2 shall be used by the DAM Scheduling algorithm:

20.2.1.1 SXL%L 4,» Which designates the amount of energy that a boundary entity
resource is scheduled to export at intertie zone bus d € DX in hour
he{l,..,24} in association with lamination j € ]g &

20.2.1.2 ODG%, »» Which designates whether the dispatchable generation resource at

bus b € B¢ was scheduled at or above its minimum loading point in hour
he{l,..,24}; and

20.2.1.3 516'2’4 1 Which designates the amount of energy that a boundary entity
resource is scheduled to import at intertie zone bus d € DI in hour
he{l,.., 24} in association with lamination K € Kf 4
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20.2.2 The DAM Scheduling algorithm shall use reference level value for any financial
dispatch data parameters that failed the Conduct Test associated with resources
identified in section 14.7.

20.3 Variables and Objective Function

20.3.1 The day-ahead market calculation engine shall solve for the variables set out in
section 8.3.1.

20.3.2 The objective function for the DAM Scheduling algorithm shall be the same as the
objective function in section 8.3.2, with the following exceptions:
20.3.2.1 the variables for unit commitment decisions (ODG}, ;) shall be fixed within

the optimization function; and
20.3.2.2  the start-up offer (SUDGy, ;) and the offer price to operate at minimum
loading point (MGODGy, ;) shall be removed from the objective function.

20.3.3 The optimization function in the DAM Scheduling algorithm shall be subject to the
constraints described in section 20.4.

20.4 Constraints

20.4.1 The DAM Scheduling algorithm optimization function shall apply the constraints
described in sections 20.5— 20.8.

20.5 Dispatch Data Constraints Applying to Individual Hours

20.5.1 The constraints in section 8.5 shall apply in the DAM Scheduling algorithm.

20.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

20.6.1 The constraints in section 8.6 shall apply in the DAM Scheduling algorithm, with the
exception that the constraints for non-quick start resources in section 8.6.3 shall be
removed.

20.7 Constraints to Ensure Schedules Do Not Violate Reliability
Requirements

20.7.1 The constraints are the same as in section 8.7. The sensitivities and limits used in
section 8.7.3 are those provided by the most recent security assessment function
iteration of the DAM Scheduling algorithm.
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20.8

20.8.1

20.8.2

20.8.3

20.9

20.9.1

21

211

21.1.1

Constraints to Respect Pass 2 Decisions

The DAM Scheduling algorithm shall not decrease import schedules from the values
produced in Pass 2 and may schedule additional imports of energy in Pass 3. For all
hours A€ {1, .., 24} and intertie zone buses d € DI that are not part of a linked
wheeling through transaction:

The DAM Scheduling algorithm shall not increase export schedules in Pass 3 from
the values produced in Pass 2. For all hours 4 € {1, .., 24} and intertie zone buses
d € DXthat are not part of a linked wheeling through transaction:

J€lKa jEJEId

The DAM Scheduling algorithm shall not change commitments statuses in Pass 3 for
resources as determined in Pass 2. For all hours A€ {1, .., 24} and buses b € B”“:

0DGy, = ODGZ,

Outputs

Outputs for the DAM Scheduling algorithm shall include resource schedules and
commitments.

DAM Pricing

Purpose

The DAM Pricing algorithm shall perform a security-constrained economic dispatch
to maximize gains from trade using dispatch data submitted by registered market
participants, reference level values for resources subject to section 21.2.2, and
resource schedules and commitments produced by the DAM Scheduling algorithm, to
meet the /ESO’s average province-wide non-dispatchable demand forecast and IESO-
specified operating reserve requirements for each hour of the next dispatch day.
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21.2

21.2.1

21.2.2

Information, Sets, Indices and Parameters

Information, sets, indices and parameters for the DAM Pricing algorithm are
described in sections 3 and 4. In addition, DAM Pricing algorithm shall use the
following resource schedules and commitments from the DAM Scheduling algorithm
in section 20:

21.2.1.1

21.2.1.2

21.2.1.3

21.2.1.4

21.2.1.5

21.2.1.6

.S'DG'?,’ bk Which designates the amount of energy that a dispatchable
generation resource 1s scheduled to provide above MinQDG, at bus b €
BFLRy BE in hour h € {1, .., 24} in association with lamination k €

Kibé;

ODGZ - Which designates whether the dispatchable generation resource at
bus b € B¢ was scheduled at or above its minimum loading point in hour
he{l,..,24}. Note that ODG?Lb = ODG%,b for all hours A€ {1, .., 24} and
buses b € B¢,

.S'lO.S'DG?L b, Which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BFLR U BE in hour A€ {1, .., 24} in association with

ot 0S.
lamination k€ K}, ;’;

5'10NDG2/ bk Which designates the amount of non-synchronized fen-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ BFRu B#E inhour h€ {1,.., 24} in
association with lamination kK € K}LObN ;

.SBORDG?L bk Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at
bus b€ B8y BHE in hour A€ {1, .., 24} in association with lamination
k€ Kf,,OR; and

OHOZ 5 Which designates whether the dispatchable hydroelectric

generation resource at bus b € BF has been scheduled at or above
MinHOp, in hour K€ {1,.., 24}.

The resource schedules from Pass 2:

21.2.2.1
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SXL%L 4> Which designates the amount of energy that a boundary entity
resource is scheduled to export at bus d € DXin hour A€ {1, .., 24} in
association with lamination j € /,b; 4 and
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21.2.2.2 SIG%,d, 1 Which designates the amount of energy that a boundary entity
resource is scheduled to import at bus d€ D/in hour A€ {1, .., 24} in
association with lamination k€ K,’f 4

21.2.2.3 The DAM Pricing algorithm shall use reference level values for any
financial dispatch data parameters that failed the Conduct Test associated
with resources identified in section 14.7.

21.3 Variables and Objective Function
21.3.1 The DAM Pricing algorithm shall solve for the variables listed in section 9.3.1.

21.3.2 The objective function for the DAM Pricing algorithm shall be the same as the
objective function in section 9.3.2, subject to section 21.4.

21.4 Constraints

21.4.1 The constraints in sections 9.4 through 9.8 shall apply in the DAM Pricing algorithm,
with the following exceptions:

21.4.1.1 The marginal loss factors used in the energy balance constraint in section
9.7.1 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the DAM Scheduling alogorithm in
section 20.

21.4.1.2 The sensitivities and limits used in section 9.7.3 shall be provided by the
most recent security assessment function iteration of the DAM Pricing
algorithm.

21.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm in section 8 shall be replaced with the outputs from
the DAM Scheduling algorithm in section 20, as follows:

21.4.1.3.1 SDG;95 shall be replaced by SDG;, , , for all
hefl,..,24},be B UB™ k € K}y

21.4.1.3.2 ODGZ{%)S shall be replaced by ODG;3Z, p for all
he{l,..,24}, b€ BC;

21.4.1.3.3 S10SDG;%5 shall be replaced by S10SDG;, . for all
he{l,.., 24}, b€ B B ke KLY

21.4.1.3.4 SI0NDG}% shall be replaced by SIONDG3, . for all
he{l,..,24},be B uB" ke KV,
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21.4.1.3.5 S30RDG’;£‘Z shall be replaced by S30RDG;31, »i for all
he{l,..,24},be B uB" ke K% and

21.4.1.3.6 OHO‘;,(,?S shall be replaced by OHO?,, , for all
he{l,..,24},be B

21.4.1.4 The constraints imposed for boundary entity resource schedules in section
20.8 shall apply to boundary entity resource schedules in the DAM
Pricing algorithm, with a tolerance A specified by the /ESO and:

21.4.1.4.1 For all hours A€ {1, .., 24} and boundary entity resource
import buses d € DI that are not part of a linked wheeling
through transaction:

21.4.1.4.2 For all hours A€ {1, .., 24} and boundary entity resource
export buses d € DXthat are not part of a linked wheeling
through transaction:

21.5 Outputs

21.5.1 Outputs of the DAM Pricing algorithm include shadow prices and locational
marginal prices for energy and operating reserve.

22 Pseudo-Unit Modelling

22.1 Pseudo-Unit Model Parameters

22.1.1 The day-ahead market calculation engine shall use the following registration and
daily dispatch data to determine the underlying relationship between a pseudo-unit
and the associated physical resources for a combined cycle plant with K combustion
turbine resources and one steam turbine resource:

22.1.1.1  CMCR, designates the registered maximum continuous rating of
combustion turbine k€ {1, .. ,K} in MW;
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22.1.1.2

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

22.1.1.3  SMCR designates the registered maximum continuous rating of the steam
turbine resource in MW;

22.1.1.4  SMLP designates the minimum loading point of the steam turbine resource
in MW for a 1x1 configuration;

22.1.1.5 SDFdesignates the amount of duct firing capacity available on the steam
turbine resource in MW,

22.1.1.6  STPortion; designates the percentage of the steam turbine resource
capacity attributed to pseudo-unit k€ {1, .. ,K}; and

22.1.1.7 CSCMy € {0,1} designates whether pseudo-unit k€ {1, .. ,K} is flagged to
operate in single cycle mode for the day.

22.1.2 The day-ahead market calculation engine shall calculate the following model

parameters for each pseudo-unit k€ {1,.K}:

22.1.2.1

22.1.2.2

22.1.2.3

22.1.2.4

MMCR), designates the maximum continuous rating of pseudo-unit k and
is calculated as follows:

CMCR,. + SMCR - STPortion, - (1 — CSCM,,)

MMLP, designates the minimum loading point of pseudo-unit k and is
calculated as follows:

CMLP, + SMLP - (1 — CSCM,)

MDEF), designates the duct firing capacity of pseudo-unit k and is
calculated as follows:

SDF - STPortion,, - (1 — CSCM,,)

MDR), designates the dispatchable capacity of pseudo-unit k and is
calculated as follows:

MMCR, — MMLP, — MDF,

22.1.3 The day-ahead market calculation engine shall define three operating regions of
pseudo-unit k € {1,..K}, as follows:

22.1.3.1
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22.13.2

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

22.1.3.3  The duct firing region shall be the capacity between MMLP, + MDR, and
MMCR,.
22.1.4 The day-ahead market calculation engine shall calculate the associated combustion

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

22.14.1

22.14.2

22.14.3

For the minimum loading point region:

22.1.4.1.1 Steam turbine resource share: STShareMLP; = SMEP(=CSCMD,

MMLP;, ’
and
) , CMLPy,
22.1.4.1.2 Combustion turbine resource share: CTShareMLF, = TP
k

For the dispatchable region:

22.1.4.2.1 Steam turbine resource share:
STShareDR, = (1-CSCM)(SMCR STPortiongc—SMLP—SDF}-STPortion)

MDRy i
and

22.1.4.2.2 Combustion turbine resource

CMCR;— CMLP,
share: CTShareDR,= —~—%
MDR,,

and
For the duct firing region:
22.1.4.3.1 Steam turbine resource share shall be equal to 1; and

22.1.4.3.2 Combustion turbine resource share shall be equal to 0.

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

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

22.2.1.1

222.1.2
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CTCapy, designates the capacity of combustion turbine resource
k€ {1,.., K} in hour h as determined by submitted deratings;

ST Cap,, designates the capacity of the steam turbine resource in hour h as
determined by submitted deratings; and
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22.2.1.3

TotalQy, , designates the total offered quantity of energy for pseudo-unit
k€ {1,..,K}in hour h.

22.2.2 The day-ahead market calculation engine shall solve for the following operating
region parameters for hour h € [1,..,24} for each pseudo-unit k€ {1, .. K}:

222.2.1

22222

22223

MLPy, ;. designates the minimum loading point of pseudo-unit K in hour h;

DRy, designates the dispatchable region capacity of pseudo-unit k in
hour h; and

DFy, . designates the duct firing region capacity of pseudo-unit k in hour

2223 Pre-processing of De-rates

22.23.1
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The day-ahead market calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a pseudo-
unit based on the combustion turbine resource and steam turbine resource
share and the application of the pseudo-unit deratings. For pseudo-unit
ke{l,.. K} forhour h€E{],..,24}:

22.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to

each combustion turbine resource (CTAmty ;) and steam
turbine resource portion (STAmty, ;. ):

If T otalQh’ » < MMLP;, then:

CTAmt, ;= 0; and

STAmty, ; =O0.

Otherwise:

CTAmtMLP = MMLP,-CTShareMLPy; and
STAmtMLP = MMLP,-STShareMLP;.

If TotalQ, , > MMLP). + MDR, then:

CTAmtDR = MDR;-CTShareDR;;

STAmtDR = MDR,-STShareDR;; and

STAmtDF = (1 — CSCMy)(TotalQ, , — MMLP; — MDRy,).
Otherwise:

CTAmtDR = (TotalQ, , — MMLPy) CTShareDRy;

Public IMO_FORM_1087v13.00
REV-21-06



Page 142 of 167

STAmtDR = (TotalQ, , — MMLP})-STShareDR;;
STAmtDF = 0;

CTAmty,; = CTAmtMLP + CTAmtDR; and
STAmt, ; = STAmtMLP + STAmtDR + STAmtDF.

22.2.3.1.2 Step 2: Allocate the steam turbine resource capacity to each

pseudo-unit:

STAmth'k
Ew €{1,.K} STAmth,w

PRSTCappy = ( ) -STCapy,

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

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

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

If CTCapyp < CMLP,, then the pseudo-unit is unavailable.

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

22.2.3.1.4 Step 4: Initialize the operating region parameters for hour

he{l,.., 24} to the model parameter values:
Set MLP,,, = MMLP.
Set DRy, = MDR,.
Set DF},;, = MDF,.

22.2.3.1.5 Step 5: Apply the derating on the combustion turbine resource

to the dispatchable region:

Calculate P so that CMLPy + P-CTShareDR,-MDR, = CTCap, ,;

and

Set DRh,k = min(DRh’k , PMDRk)

22.2.3.1.6 Step 6: Apply the derating on the steam turbine resource to the

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

Calculate R so that SMLP +R-STShareDR;-MDR,, = PRSTCap, .
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IfR< 1, set DFh,k = 0, and DRh,k = I’I’lll’l(Dth , RMDRk)

If R > 1, set DF), = min(DF,,;, PRSTCap, , — SMLP —
STShareDR,-MDRy).

2224 Available Energy Laminations

22.2.4.1 The day-ahead market calculation engine shall determine the offer
quantity laminations that may be scheduled for energy and operating
reserve in each operating region for hour 4 € {1, .., 24} for each pseudo-
unit k€ {1, .. K}, subject to section 22.2.4.2, where:

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

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

22.2.4.1.3 @QDF,; designates the total quantity that may be scheduled in
the duct firing region.

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

0 < QMLPh,k < MLPh,k;
0 < QDRy s < DRy
0 < QDFth < DFh,k;

if QMLPy, ,, < MLPy, ;, then the pseudo-unit is unavailable and
QDRy . = QDFy = 0; and

ifQDRh_,k < DRt,k: then QDFh,k = 0.

22.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

22.3.1 The day-ahead market calculation engine shall convert physical resource constraints
to pseudo-unit constraints, where:

22.3.1.1  PS UMI'HZ,  designates the minimum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PSUMI'HZ 4 shall be

set equal to 0;
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22.3.1.2

22.3.1.3

PS UMHXZ  designates the maximum limitation on pseudo-unit k

determined by translating constraint q. When constraint g does not
provide a maximum limitation on pseudo-unit k, then PS UMHXZ . shall be

set equal to MLF, j+ DRy, y+ DF}, ;; and

CTCmtd), ;€{0,1} designates whether combustion turbine resource k €
{1,..K} is considered committed in hour 2 € {1, .., 24}.

2232 The day-ahead market calculation engine shall calculate the minimum and maximum
limitations, subject to section 22.3.3.1, as follows:

22.3.2.1

22322

Minimum limitation: MinDG;, ; = max ey oy PS UMinZ, w and
Maximum limitation: MaxDGj, ; = mingegy g, PS UMaxZ’ i

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

2233 Pseudo-unit Minimum and Maximum Constraints

22.3.3.1

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

22.3.3.1.1 PSUMiny; = PMin, where PMin shall be a minimum
constraint provided on pseudo-unit k€ {1, .. K} for hour
he{l,..,24}; and

22.3.3.1.2 PSUMax};, = PMax, where PMax shall be a maximum
constraint provided on pseudo-unit k € {1, .. K} for hour
he{l,..,24}.

2234 Combustion Turbine Resource Minimum and Maximum Constraints

2234.1
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If a pseudo-unit is not flagged to operate in single cycle mode, then the
combustion turbine resource minimum constraint shall be converted to a
pseudo-unit constraint as follows:
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If CTMin < MLP,, ;. *+ CTShareMLP,, then set

.S‘TShareMLPk)_ d
CTShareMLP}/’

STMinMLP = CTMin -
STMinDR = 0|
Otherwise, if CTMin = MLP,; - CTShareMLP;,, then set

STMinMLP = MLP,, , - STShareMLP, ; and

STShareDRk)

STMinDR = (CTMin — MLPy, - CTShareMLPk) : (m
k

PSUMiny , = CTMin + STMinMLP + STMinDR

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

pseudo-unit constraint as follows:

PSUMiny, = CTMin

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

pseudo-unit constraint as follows:
If CTMax < MLP,; * CTShareMLP,, then PSUMaxy, = 0

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

STMaxMLP = MLP,, - STShareMLP,

STShareDR,,
STMaxDR = (CTMax — MLP, ; - CTShareMLPy) - (m)
k

PSUMaxy, ,, = CTMax + STMaxMLP + STMaxDR

22.3.4.4 If a pseudo-unit is flagged to operate in single cycle mode, then the
combustion turbine resource maximum constraint shall be converted to a

pseudo-unit constraint as follows:
PSUMax), ;=CTMax

22.3.5 Steam Turbine Resource Minimum and Maximum Constraints
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22.3.5.1 The day-ahead market calculation engine shall convert a steam turbine
resource minimum constraint to a pseudo-unit constraint as follows:

22.3.5.1.1 Step 1: Identify 4 € {1, .. K}, which shall indicate the set of
pseudo-units to which the constraint may be allocated where
pseudo-unit k€ {1, .. K} is placed in set A4 if and only if
CSCM=0 and CTCmtd), ;= 1. If the set A is empty, then no
further steps are required, otherwise proceed to Step 2.

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

STCap, = OMLP, ,-STShareMLP; + QDR,  -STShareDR; + ODF, ,

22.3.5.1.3 Step 3: Allocate the S7Min constraint to each pseudo-unit
k€ A, where STMin constraint shall be allocated equally to
each pseudo-unit k€ A and STPMiny is limited by S7Capy.

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

If STPMin, < MLPy; - STShareMLP,, then set

CTShareMLPk)
STShareMLP)

;and

2

CTMinMLP, = STPMiny -

CTMinDR, =0

Otherwise, if STPMin, = MLP, ;. - STShareMLP;,, then set

CTMinMLP, = MLP,,;, - CTShareMLP,; and

CTShareDR k)

CTMinDR, :(S TPMing-MLF, ST. S]JareMLB() . (m
k

Therefore:

PSUMiny,, = STPMin,, + CTMinMLP, + CTMinDR,,

22.3.5.2 If pseudo-units with sufficient steam turbine resource capacity are not
committed, then the day-ahead market calculation engine shall not
convert the entire quantity of the steam turbine resource minimum
constraint to pseudo-unit constraints.

22.3.5.3 The steam turbine resource maximum constraint shall be converted to a
pseudo-unit constraint as follows:
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STAmth,k
Zweq,.xySTAmMLy, ,,

PRSTMaxy, , = ( ) *STMax

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

PSUMaxh,k =0

Otherwise, calculate R so that SMLP + R - STShareDR,, -
MDR, = PRSTMaxy,

IfR < 1, set PSUMaxh'k = MLPh,k + min(DRh‘k ,R . MDRk)

IfR > 1, set PSUMaxh'k = MLPh,k + DRh,k + PRSTMaxh,k -
SMLP — STShareDR,, - MDR,

22.3.5.4 Ifthe steam turbine resource minimum and maximum constraints are
equal but do not convert to equal pseudo-unit minimum and maximum
constraints, then the steam turbine resource minimum constraint
conversion in section 22.3.5.1 shall be used to determine equal pseudo-
unit minimum and maximum constraints.

22.4 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

22.4.1 For a combined cycle plant with K combustion turbine resources and one steam
turbine resource, the day-ahead market calculation engine shall compute the
following energy and operating reserve schedules for hours A€ {1, .., 24}:

22.4.1.1  CTE} designates the energy schedule for combustion turbine resource
ke{l,.. K}

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

22.4.1.3  STE), designates the energy schedule for the steam turbine resource;

22.4.1.4  CT10S8}, designates the synchronized ten-minute operating reserve
schedule for combustion turbine resource k€ {1, .. ,K};

22.4.1.5 STP10S},; designates the synchronized ten-minute operating reserve

schedule for the steam turbine resource portion of pseudo-unit
ke{l,.. K}

22.4.1.6  ST10S}, designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource;
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22.4.1.7

22.4.1.8

22.4.19

22.4.1.10

22.4.1.11

22.4.1.12

CT10 Ny designates the non-synchronized ten-minute operating reserve
schedule for combustion turbine resource k€ {1, .. K};

STP10 Ny designates the non-synchronized ten-minute operating reserve

schedule for the steam turbine resource portion of pseudo-unit
ke{l,.. K}

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

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

STP30 R, ; designates the thirty-minute operating reserve schedule for the
steam turbine resource portion of pseudo-unit k€ {1, .. K}; and

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

2242 The day-ahead market calculation engine shall determine the following energy and
operating reserve schedules for pseudo-unit k€ {1,.. K} inhour A€ {1, .., 24}:

224.2.1

22422

22423
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SE}, i designates the total amount of energy scheduled and SEj ;, =
SEMLP, x + SEDR, ; + SEDF}, ; where:

22.42.1.1 SEMLPF, designates the portion of the schedule corresponding
to the minimum loading point region, where 0 < SEMLF, ; <
QMLE, ;;

22.42.1.2 SEDR;; designates the portion of the schedule corresponding
to the dispatchable region, where 0 < SEDR), ; < (DR, ; and
SEDR}, . > 0 only if SEMLF, ;, = QMLF,; and

22.4.2.1.3 SEDFy; designates the portion of the schedule corresponding
to the duct firing region, where 0 < SEDF, , < QDF; and
SEDFII’[( >0 Ol’lly if SEDR/]’[( = QDRII,I(;

5105}, 4 designates the total amount of synchronized fen-minute operating
reserve scheduled;

S10V,, ; 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 < SEj, ; + 5105y, + SI0N,,;, <
QMLP[L t QDR h k> and
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22.42.4 S30Ryy designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SE), ; + 5105}, ; + SIONy ;. + S30R, , < QMLE, ;. +
QDRy .+ QDFy .
2243 The day-ahead market calculation engine shall convert pseudo-unit schedules to

physical generation resource schedules for energy and operating reserve, as follows:

22.43.1

22432

22433
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IfSEh'k = MLPh,k’ then:

CTEy = SEMLP, . - CTShareMLP, + SEDR,, . - CTShareDRy;

STPEy,x = SEMLP,, ;. - STShareMLP;, + SEDR, . - STShareDR,, +
SEDF

RoomDRy; = QDRy ;. — SEDR), i,

10SDRy,, = min(RoomDRy, i, 108 );

10NDRy,;, = min(RoomDRy, ;. — 10SDRy, 1., STONy, 1. );

30RDRy,; = min(RoomDRy, ; — 10SDRy, ;. — 10NDRy, ., S30Ry, )
CT10S, ) = 10SDRy,; - CTShareDRy;

STP10Sy,) = 10SDRy . - STShareDRy, + (S10Sy,; — 10SDRy, )
CT10N,, = 10NDR,, - CTShareDRy;

STP10Ny; = 10NDRy,, - STShareDRy. + (S10N,; — 1ONDRy, ;. );
CT30Ry, = 30RDRy, ;. - CTShareDR,; and

STP30Ry, = 30RDR, - STShareDR;, + (S30R;, . — 30RDRy, ;).

If SE}, j < MLPF, ; and is ramping to minimum loading point, then the
conversion shall be determined by the ramp up energy to minimum
loading point.

The steam turbine resources portion schedules from section 22.4.3.1 shall
be summed to obtain the steam turbine resource schedule as follows:

STEp = Xk=1,.k STPEn;

ST10S, = Y=1.x STP10Sy 1;
ST10Ny, = Y=1,.x STP10N}, ;; and
ST30Ry = Yk=1,k STP30R .
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23 Pricing Formulas

23.1 Purpose

23.1.1 The day-ahead market calculation engine shall calculate locational marginal prices
using shadow prices, constraint sensitivities and marginal loss factors.

23.2 Sets, Indices and Parameters

23.2.1 The sets, indices and parameters used to calculate locational marginal prices are
described in section 4. In addition, the following shadow prices from Passes 1 and 3
shall be used:

23.2.1.1

23.2.1.2

23.2.1.3

23.2.1.4

23.2.1.5

23.2.1.6

23.2.1.7

23.2.1.8

23.2.19
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SPEm 7};’ .rdesignates the Pass p shadow price for the post-contingency
transmission constraint for facility f€ Fin contingency c€ C in hour h;

SPEXtYfZ designates the Pass p shadow price for the import or export limit
constraint z € Zg, in hour h;

.S'PL’;I designates the Pass p shadow price for the energy balance constraint
in hour h;

SPNIUExtBwd 7};7 designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting increases in net imports
between hour (h — 1) and hour h;

SPNIDEXtBWde designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting decreases in net imports
between hour (h — 1) and hour h;

SPNIUExtFwd Yf designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting increases in net imports
between hour h and hour (h + 1);

SPNIDExtF Wd]f designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting decreases in net imports
between hour h and hour (h + 1);

SPNorm 75 rdesignates the Pass p shadow price for the pre-contingency
transmission constraint for facility f€ Fin hour h;

SPlOS’Z designates the Pass p shadow price for the total synchronized ten-
minute operating reserve requirement constraint in hour h;
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23.2.1.10

23.2.1.11

23.2.1.12

23.2.1.13

23.2.1.14

23.2.1.15

SPlORZ designates the Pass p shadow price for the total ten-minute
operating reserve requirement constraint in hour h;

SPSORZ designates the Pass p shadow price for the total thirty-minute
operating reserve requirement constraint in hour h;

SPRE GMinlORZ/ ~designates the Pass p shadow price for the minimum
ten-minute operating reserve constraint for region r € ORREG in hour h;

SPRE GMinBORZI - designates the Pass p shadow price for the minimum

thirty-minute operating reserve constraint for region r € ORREG in hour
h;

SPRE GMaxlORZ ~designates the Pass p shadow price for the maximum

ten-minute operating reserve constraint for region r € ORREG in hour h;
and

SPRE GMaX30RZ ~designates the Pass p shadow price for the maximum

thirty-minute operating reserve constraint for region r € ORREG in hour
h.

23.3 Locational Marginal Prices for Energy

23.3.1 Energy Locational Marginal Prices for Delivery Points

23.3.1.1

23.3.1.2
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The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour h€ {1,.., 24} for every bus b € L where a non-dispatchable or
dispatchable generation resource, a dispatchable load, a price responsive
load, an hourly demand response resource, or a non-dispatchable load is
sited and:

23.3.1.1.1 LMPff , designates the Pass p hour h locational marginal price
for energy;

23.3.1.1.2 PRe fhp designates the Pass p hour h energy locational marginal
price for energy at the reference bus;

23.3.1.1.3 PLoss,’Z’b designates the Pass p hour h loss component; and
23.3.1.1.4 PC ong,’z’b designates the Pass p hour h congestion component.

The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
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energy at the reference bus, a loss component and a congestion component
for Pass p € {1,3}atbus b € L in hour h€ {1, .., 24}, as follows:

InitLMF;,, = InitPRef,’ + InitPLoss, , + InitPCongy, ,
where
InitPRef,! = SPL};
InitPLossf_b = MgIL(:'ssflb - SPL};;

and

InitPCongf:Jb = Z PreConSFy ¢ ) -.S‘PNormTrﬁf

fEFp

+Z Z SFhesp - SPEMTY,

ceC fEFp¢

23.3.1.3  If'the initial locational marginal price for energy at the reference bus
(InitPRef}) is not within the settlement bounds
(EngyPrcFlr, EngyPrcCeil), then the day-ahead market calculation
engine shall modify the locational marginal price for energy at the
reference bus as follows:

If InitPRef? > EngyPrcCeil , PRef, = EngyPrcCeil
If InitPRef, < EngyPrcFlr, PRef, = EngyPrcFlr
Otherwise, PRef, = InitPRef,

23.3.1.4  If the initial locational marginal price for energy (InitLM P,f p) 18 not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the day-
ahead market calculation engine shall modify the locational marginal
price for energy as follows:

If InitLMP, , > EngyPrcCeil, LMP}, = EngyPrcCeil
If InitLMP,, , < EngyPrcFlr, LMP;, , = EngyPrcFlr
Otherwise, LMP, , = InitLMP;, ,

23.3.1.5 The day-ahead market calculation engine shall modify the loss component
as follows:

If PRefr#InitPRef,, then PLoss), , = MglLoss)) ,-PRef,

Otherwise, PLoss), , = InitPLoss, ,
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23.3.1.6  The day-ahead market calculation engine shall modify the congestion

component as follows:

If LMP),, — PRef, — PLoss), , and InitPCong), , have the same
mathematical sign, then PCong/, ,= LMPZ} P PRefZ - PLOS&JZ, b

Otherwise, PCong/ , = 0 and PLoss), , = LMP,, , — PRef)

Energy Locational Marginal Prices for Intertie Metering Points

23.3.2.1 The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and

hour h € {1, .., 24} for intertie zone bus d € D, where:

23.3.2.1.1 ExtLMP}E 4 designates the Pass p hour h locational marginal

price for energy;

23.3.2.1.2 IntLMPhIf , designates the Pass p hour h intertie border price for

energy;

23.3.2.1.3 IC}}: 4 designates the Pass p hour h intertie congestion price;,

23.3.2.14 PRef,f designates the Pass p hour h locational marginal price

for energy at the reference bus;

23.3.2.1.5 PLOSSZ 4 designates the Pass p hour h loss component;

23.3.2.1.6 P[ntCongZ 4 designates the Pass p hour h internal congestion

component for energy;

23.3.2.1.7 PEXtCongZ 4 designates the Pass p hour h external congestion

component for the intertie congestion price; and

23.3.2.1.8 PN[SL’]’L 4 designates the Pass p hour h net interchange
scheduling limit congestion component for the intertie

congestion price.

23.3.2.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy for the reference bus, a loss component and a congestion
component for energy for Pass p at intertie zone bus d € D, in intertie
zone a € Ain hour h € {1, .., 24}, subject to section 23.3.2.8 and 23.3.2.9,

as follows:
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InitExtLMP}; = InitIntLMP;, + InitICP;,
where
InitPRef,! = SPL} ;
InitPLossf:'d = M‘gELossfid . .S‘;F'Li:fl ;
InitPIntCongﬁ)d

= ) PreConsF;q-SPNormT},
fEFp

+Z Z SFucfa SPEMT,, o

CEC fEFp ¢

InitIntLMP}; = InitPRef;’ + InitPLossy ,
+ InitPIntCongE.d;

ImitICP,; = InitPExtCong, , + InitPNISL} ,;

InitPExtCongf}d = Z EnCoeff,, - SPEXtTf?,z;

Z€Zsch

and

InitPNISL; , = SPNIUExtBwdT, — SPNIUExtFwdT,
— SPNIDExtBwdT} + SPNIDExtFwdT,

23.3.2.3 If'the initial locational marginal price for energy (InitExtLM Pf, 4) 1s not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the day-
ahead market calculation engine shall modify the intertie border price for
energy, and its components, as follows:

23.3.2.3.1 The initial locational marginal price for the reference bus
(InitPRef;’) shall be modified per section 23.3.1.3;

23.3.2.3.2 The initial intertie border price (InitlntLMP,f ) shall be
modified per section 23.3.1.4, where InitLM P,f b=
InitIntLMPY ;;

23.3.2.3.3 The initial loss component (InitPLoss}:’b) shall be modified
per section 23.3.1.5; and

23.3.2.3.4 The initial congestion component (InitPCon g,’ib) shall be
modified per section 23.3.1.6.

23.3.2.4 If'the initial locational marginal price for energy (InitExtLM Pf, 4) 1s not
within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the day-
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23.3.2.5

23.3.2.6

23.3.2.7

23.3.2.8
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ahead market calculation engine shall modify the locational marginal
price for energy, as follows:

If InitExtLMPZ} 4> EngyPrcCeil, set ExtLMP,f 4= EngyPrcCeil
If ]nitExtLMPZ’ 4 < EngyPrcFlr, set ExtLMPZ’ 4 = EngyPrcFlr
Otherwise, set ExtLMP;, , = InitExtLMP, ,

If the modified locational marginal price for energy (EXI'LMF;Z ) 1s equal
to the intertie border price for energy (1121‘1,114}};7 ) then the day-ahead

market calculation engine shall modify the external congestion component
for the intertie congestion price and net interchange scheduling limit
congestion components for the intertie congestion price, as follows:

If ExtLMP, , = IntLMP, ;, set PExtCong!, ,= 0 and PNISL, ;= 0

If the modified locational marginal price for energy (ExtLM P}f 4) 1s not
equal to the intertie border price for energy (IntLM P}f 4. then the day-

ahead market calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion components for the intertie congestion price,
as follows:

If ExtLMP; , # IntLMF;, set

PNISL; , = (ExtLMP;, — IntLMF; ;)

InitPNISL, ,
InitPNISL} , + InitPExtCongy, ,

If PNISL}, , > NISLPen, PNISL, , = NISLPen

If PNISLi)d < (—1)- NISLPen, PNI.S‘L’;)d = (—1)-
NISLPen

Then PExtCongj, ; = ExtLMP}, — IntLMP}, —
PNISL} ,

The day-ahead market calculation engine shall calculate the intertie
congestion price as follows:

ICP; ;= PExtCong,, /+PNISL, ,

The locational marginal price for energy calculated by the day-ahead
market calculation engine shall be the same for all boundary entity
resource buses at the same intertie zone. Intertie transactions associated

Public IMO_FORM_1087v13.00
REV-21-06



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.

23.3.2.9 When an intertie zone is out-of-service, the intertie limits for that intertie
zone will be set to zero and all import and export boundary entity
resources for that intertie zone will receive a zero schedule and the
locational marginal price for energy shall be set to the intertie border
price for energy.

Zonal Prices for Energy

23.3.3.1 The day-ahead market calculation engine shall calculate the zonal price
for energy and its components for each Pass p € {1,3} and hour
he{1,..,24} for each virtual transaction zone m € M, as follows:

VZonalP?

om = PRefhp + VZonalPLossf:_m

+ VZona!PCong,f‘m

where

VZonalPLoss}, ,, = Z WFy IR} - PLossy,,

beLVIRT
and

VZonalPCong, ,, = Z WFi%, - PCongy,,

VIRT
beLY]

23.3.3.2  The day-ahead market calculation engine shall calculate the zonal price
for energy and its components for each Pass p € {1,3} and hour
he{l,.., 24} for non-dispatchable load zone, y € Y as follows:

ZonalP,fy = PRefhp + ZonalPLoss,ny + ZonaIPCon‘gﬁ}},
where
ZonaIPLoss,ny = Z WE,% - PLossy, ),
beryPL
and

Zona!PCongﬁjy = Z WED% - PCongy, ,

NDL
beLl
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The day-ahead market Ontario zonal price is calculated per section
23.3.3.2 where the non-dispatchable load zone is comprised of all non-
dispatchable loads within Ontario.

2334 Pseudo-Unit Pricing

23.3.4.1

23.34.2
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The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour h € {1, .., 24} for every pseudo-unit k € {1,.., K} where:

23.3.4.1.1

23.3.4.1.2

233.4.13

233.4.14

23.3.4.1.5

23.3.4.1.6

CTM glLoss;f, x designates the marginal loss factor for the

combustion turbine resource identified by pseudo-unit k for
hour /4 in Pass p;

STM glLossfl’,k designates the marginal loss factor for the steam
turbine resource identified by pseudo-unit k for hour 4 in Pass
p;

CTPreConSFy, s . designates the pre-contingency sensitivity
factor for the combustion turbine resource identified by
pseudo-unit kon facility f during hour 4 under pre-contingency
conditions;

STPreConSFy, ¢ designates the pre-contingency sensitivity
factor for the steam turbine resource identified by pseudo-unit
kon facility f during hour 4 under pre-contingency conditions;

CTSFy, ¢ designates the post-contingency sensitivity factor
for the combustion turbine resource identified by pseudo-unit k
on facility f during hour 4 under post-contigency conditions for
contingency c; and

STSFy, s designates the post-contingency sensitivity factor
for the steam turbine resource identified by pseudo-unit kon
facility f during hour 4 under post-contingency conditions for
contingency c.

The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion component

for Pass p
hefl,..,

€ {1,3} for every pseudo-unit k € {1,..,K} in hour
24}, as follows:
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23.3.44

23.3.4.5
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InitLMP,, =InitPRefy + InitPLoss), , + InitPCong,,

where

InitPRef,=SPL, ;

InitPLoss), ,=MglLoss), ,"SPL, ;
and

InitPCong}f’k = Z PreConSFy ¢ -SPNormTh?_f

fE€Fh

+Z Z SFncfx - SPEMTy, o

ceC fEF ¢

If pseudo-unitk € {1,..,K} is scheduled within its Minimum Loading
Point range or not scheduled at all, its marginal loss and sensitivity factors
shall be:

gtlLoss, , = are k" glLoss are. e
MglLoss,, = CTShareMLPy - CTMglLossy, , + STShareMLP,
. STMgILossf’k

PreConSFy ¢ .
= CTShareMLP; - CTPreConSF, ;) + STShareMLP,
-STPreConSFy gy

SFh‘(_-Jka = CTShareMLPk - CTSF}:,C,_,I“,I( + STShareMLPk . STSFhJc',f,k

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

MglLoss},, = CTShareDRy, - CTMglLossy, , + STShareDR,,
. STMgILossE_k

PreConSFy ¢
= CTShareDR, - CTPreConSFy, ) + STShareDR)
STPreConSEy,

SFh,C,f,k = CTShaTE'DRk - CTSP}I,,C,J‘,J{ + STShaT'QDRk . STSF?L,C,f,k

If pseudo-unit k € {1,..,K} is scheduled within its duct firing region, its
marginal loss and sensitivity factors shall be:
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MgILoss,f’k = STMgILoss;f’k
PreConSFy ¢y = STPreConSFy ¢

SFh,C,f,k = STSFh,C,f,k

23.4 Locational Marginal Prices for Operating Reserve

23.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

23.4.1.1
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The day-ahead market calculation engine shall calculate a locational
marginal price and components for operating reserve for each Pass

p € {1,3} and hour h € {1, .., 24} for a delivery point associated with the
dispatchable generation resource and dispatchable load at bus b € B,
where:

23.4.1.1.1 L3 OR}}Z ,, designates the Pass p hour h locational marignal
price for thirty-minute operating reserve;

23.4.1.1.2 PSORReff designates the Pass p hour h locational marignal
price for thirty-minute operating reserve at the reference bus;

234.1.1.3 PBORCongZ ,, designates the Pass p hour h congestion
component for thirty-minute operating reserve;

234.1.14 L10N[;Zb designates the Pass p hour h locational marignal
price for non-synchronized ten-minute operating reserve;

23.4.1.1.5 P10NRef}£’ designates the Pass p hour h locational marignal

price for non-synchronized ten-minute operating reserve at the
reference bus;

23.4.1.1.6 PlONConga designates the Pass p hour h congestion
component for non-synchronized ten-minute operating reserve;

23.4.1.1.7 L10.S'}}f ,, designates the Pass p hour h locational marignal
price for synchronized ten-minute operating reserve;

23.4.1.1.8 P105Reff designates the Pass p hour h locational marignal

price for synchronized ten-minute operating reserve at the
reference bus;

23.4.1.1.9 P105€0ng2 ,, designates the Pass p hour h congestion
component for synchronized fen-minute operating reserve; and
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23.4.1.1.10 ORREG, S ORREG designates the subset of ORREG consisting
of regions that include bus b.

23.4.1.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the reference
bus, and congestion components for Pass p for a delivery point associated
with the dispatchable generation resource and dispatchable load at bus
b € Binhourh € {1, .., 24}, for each class of operating reserve, as
follows:

InitL30RPY, = InitP30RRef;] + InitP30RCong}, ,

where
InitP30RRef? = SP30R?
and
InitP30RCongy, ,
= ) SPREGMin30RY,
rEORREG),
+ ) SPREGMax30R},
rEORREG),
Page 160 of 167 Public IMO_FORM _1087v13.00

REV-21-06



InitL10NP?, = InitP10NRef;? + InitP10NCong}. ,

where
InitP10NRef;! = SP10RY + SP30RY

and

InitP10NCongy, ,
= Z (SPREGMin10R}, .
TEORREG)
+ SPREGMin30R}, )
+ Z (SPREGMax10R}, .
rEORREG)

+ SPREGMax30R}, )

InitL10SP}, = InitP10SRef,l + InitP10SCongy, ,

where
InitP10SRef,l = SP10S} + SP10R} + SP30R},

and
J’:m'tP10.‘3Cong,,’f‘,b

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

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

23.4.1.3 If the initial locational marginal price at the reference bus
(InitP30RRef;?, InitP10NRef, or InitP10SRef;') is not within the

settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the initial /ocational marginal prices at
the reference bus for each class of operating reserve as follows:

If InitP30RRef > ORPrcCeil , P30RRef,Y = ORPrcCeil;

If InitP30RRef,’ < ORPrcFlr, P30RRef = ORPrcFlr; Otherwise,
P30RRef,! = InitP30RRef .

If InitP10NRef? > ORPrcCeil , PIONRef,’ = ORPrcCeil;

If InitP10NRef? < ORPrcFlr, PLONRef,' = ORPrcFlr;
Otherwise, PLONRef;} = InitP10NRef}.
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If InitP10SRef,’ > ORPrcCeil , PLOSRef} = ORPrcCeil,

If InitP10SRef;’ < ORPrcFlr, PLOSRefP = ORPrcFlr;
Otherwise, P10SRef, = InitP10SRef,’

23.4.1.4 If the initial locational marginal price
(InitL30RPY,, InitLIONPY,, or InitL10SP},) is not within the

settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the initial locational marginal price for
each class of operating reserve as follows:

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

If InitL30RP}, < ORPrcFlr, L30RP,, = ORPrcFlr;
Otherwise, L30RPY, = InitL30RP, .

If InitL10NPY, > ORPrcCeil , LIONP;, = ORPrcCeil;

If InitL10NP,, < ORPrcFlr, LIONP}, = ORPrcFlr;
Otherwise, LIONP}, = InitL10NP},.

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

If InitL10SP;, < ORPrcFlr, L10SP,, = ORPrcFlr;
Otherwise, L10SP?, = InitL10SP},

23.4.1.5 If the initial locational marginal price
(InitL30RPY,, InitLIONPY,, or InitL10SP},) is not within the

settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the congestion component for each class
of operating reserve, as follows:

Set P30RCong},, = L30RP}, — P30RRef;;
Set PIONCongy,, = L10NP, — P10NRef;’; and
Set P10SCong},, = L10SP}, — P10SRef,} .
23.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

23.4.2.1 The day-ahead market calculation engine shall calculate a locational
marginal price and components for operating reserve for each Pass
pP€{1,3}and hour A€ {1, .., 24} for intertie zone bus d € D, where:

23.4.2.1.1 ExtL3 OR}}f , designates the Pass p hour h locational marginal
price for thirty-minute operating reserve;
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23.4.2.1.2

23.4.2.1.3

23.4.2.14

23.4.2.15

23.4.2.1.6

23.4.2.1.7

23.4.2.1.8

23.4.2.19

PSORRef,f designates the Pass p hour h locational marginal
price for thirty-minute operating reserve at the reference bus;

PBORIHtCongZ 4 designates the Pass p hour h internal
congestion component for thirty-minute operating reserve;

PSORExtCong§ 4 designates the Pass p hour h intertie
congestion component for thirty-minute operating reserve;

EXtLlON}}IU 4 designates the Pass p hour h non-synchronized
ten-minute operating reserve price;

PIONRefhp designates the Pass p hour h locational marginal
price for non-synchronized ten-minute operating reserve at the
reference bus;

PIONIHtCongZ ; designates the Pass p hour h internal

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

PlONExtCongZ 4 designates the Pass p hour h intertie

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

ORREG,; S ORREG designates the subset of ORREG consisting
of regions that include bus d.

The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the reference
bus, an internal congestion component and an infertie congestion
component for Pass p at intertie zone bus d € D, in intertie zone a € Ain
hour A€ {1,.., 24}, for each class of operating reserve, subject to
sections 23.4.2.5 and 23.4.2.6, as follows:
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InitExtL30RP,,
= InitP30RRef;] + InitP30RIntCong, ,
+ InitP30RExtCong, ,

where
InitP30RRef; = SP30R};
InitP30RIntCongy, ,

= z SPREGMin30Ry, .
TEORREGy

+ Z SPREGMax30R}, . ;

TEORREG,
and
InitP30RExtCongy, ,
= Z 0.5 (EnCoeff,, + 1) - SPExtT},,

ZEZsch

InitExtL10NP,
= InitP10NRef;! + InitP10NIntCong}, ,
+ InitP10NExtCongy, ,

where
InitP10NRef = SP10R), + SP30R};
InitP10NIntCongy,

= Z (SPREGMin10R}, .

TEORREGy
+ SPREGMin30R}, )

+ Z (SPREGMax10Ry, .
TEORREGy

+ SPREGMax30R}, )

and
InitP10NExtCong}, ,
= Z 0.5 (EnCoeff,, + 1) - SPExtT},
Z€Z5ch

23.4.2.3 If the initial locational marginal price ([111'1‘EX1“L30R}};7 5) is not within the

settlement bounds (ORPrcFIr, ORPrcCelil), then the day-ahead market
calculation engine shall modify the initial locational marginal price, the
locational marginal price at the reference bus, and the external congestion
component for thirty-minute operating reserve as follows:

IntL30R = InitP30RRef,” + InitP30RIntCong; ,
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23.4.2.5

Page 165 of 167

If InitP30RRef,’ > ORPrcCeil , P30RRefl = ORPrcCeil ;

If InitP30RRef < ORPrcFlr, P30RRef! = ORPrcFlr,
Otherwise, P30RRef,’ = InitP30RRef,;

Set P30RIntCongy, ;, = ExtL30RP}, — P30RRef,
If InitExtL30RP,, > ORPrcCeil , ExtL30RP,, = ORPrcCeil;

If InitExtL30RP, < ORPrcFlr, ExtL30RP}, = ORPrcFlr;
Otherwise, ExtL30RP}, = InitExtL30RP},; and

Set P30RExtCong}, ; = ExtL30RP}, — P30RRef;’ — P30RIntCong}, ,

If the initial locational marginal price (InitExtL10N P,f ,) 1s not within

the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead
market calculation engine shall modify the initial locational marginal
price, the locational marginal price at the reference bus, and the external
congestion component for ten-minute operating reserve as follows:

IntL10N = InitP10NRef,” + InitP10NIntCongy ,

If InitP10NRef? > ORPrcCeil , PLONRef,’ = ORPrcCeil ;

If InitP10NRef? < ORPrcFlr, PLONRef,’ = ORPrcFlr;
Otherwise, PIONRef,” = InitP10NRef}?;

Set PIONCongy, , = L10NP?, — P10NRef,
If InitExtL10NP} > ORPrcCeil , ExtL10NP,, = ORPrcCeil;

If InitExtL10NP?, < ORPrcFlr, ExtLIONP}, = ORPrcFlr;
Otherwise, ExtL10NP, = InitExtL10NP},; and

Set PIONExtCong}, , = ExtL10NP?, — P10NRef,] —
P10NIntCong}, 4

The locational marginal price calculated by the day-ahead market
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 occurring at a different
intertie zone, subject to phase shifter operation, shall be modelled as
flowing across independent paths. Pricing of these reserve imports shall
utilize shadow prices associated with intertie limits and regional minimum
and maximum operating reserve requirements applicable to the path
associated to the relevant intertie zone.
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23.4.2.6  When an intertie zone is out-of-service, the intertie limits for that intertie
zone will be set to zero and all boundary entity resources for that intertie
zone will receive a zero schedule for energy and operating reserve and the
intertie operating reserve prices shall be set equal to the locational
marginal price for the reference bus for that class of operating reserve
plus the applicable shadow prices associated with regional minimum and
maximum operating reserve requirements.

23.5 Pricing for Islanded Nodes

23.5.1 For non-quick start resources that are not connected to the main island, the day-
ahead market calculation engine may use the following reconnection logic where
enabled by the /ESO in the order set out below to calculate the locational marginal
prices for energy:

23.5.1.1 Determine the connection paths over open switches that connect the non-
quick start resource to the main island,

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

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

23.5.2 For all (i) resources other than those specified in section 23.5.1 not connected to the
main island; (i) non-quick start resources where a price was not able to be
determined in accordance with section 23.5.1; the day-ahead market calculation
engine shall use the following logic in the order set out below to calculate locational

marginal prices, using a node-level and facility-level substitution list determined by
the IESO:

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

23.5.2.2 Ifno such nodes are identified, use the average locational marginal price
for energy of all nodes at the same voltage level within the same facility
that are connected to the main island,

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

23.5.2.5 [Ifaprice is unable to be determined in accordance with sections 23.5.2.1
through 23.5.2.4, use the locational marginal price for energy for the
reference bus.
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