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Market Rule Amendment Proposal Form

Part 1 - Market Rule Information

Identification No.:

MR-00458-R00

Subject: Market Renewal Program: The Day-Ahead Market Calculation Engine
Title: Market Renewal Program: The Day-Ahead Market Calculation Engine
Nature of Proposal: | [] Alteration [X] Deletion [X] Addition
Chapter: 7
Appendix: Appendix 7.4A5 (New)
Appendix 7.5A — The DACP Calculation Engine Process — delete in its
entirety
Sections:

Sub-sections
proposed for
amending:

Current Market Rules
Baseline:

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

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.

1.1

Appendix 7.4A5 — The Day-Ahead
Market Calculation Engine Process

Purpose
1.1.1 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

2.1 Passes of the Day-Ahead Market Calculation Engine
2.1.1 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
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2.1.1.3 Pass 3, the DAM Scheduling and Pricing Pass, in accordance with
section 19.

3 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;

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

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

4.15 B"PR c 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% © 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,

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

4.1.10 B"¢ c BPC designates the subset of buses identifying dispatchable variable
generation resources;

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

4.1.12  B"E ¢ BP¢ designates the subset of buses identifying dispatchable
hydroelectric generation resources,

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

4.1.14  o(B"F) designates the set of all subsets of the set B¥E;
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4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

4.1.20

4.1.21

4.1.22

4.1.23

4.1.24

4.1.25

4.1.26

4.1.27
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B{Z,E c @(BF) 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;

BIE ¢ (B"F) 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;

BFEGC c B designates the set of internal buses in operating reserve region r €
ORREG,

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

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

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

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

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

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

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

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

D, € D designates the set of all buses identifying boundary entity resources in
intertie zone a € A4;

DX, € D, designates the subset of intertie zone buses identitying boundary
entity resources that correspond to export bids in intertie zone a € 4,
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4.1.28

4.1.29

4.1.30

4.1.31

4.1.32

4.1.33

4.1.34

4.1.35

4.1.36

4.1.37

4.1.38

4.1.39

4.1.40
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DI, © D, designates the subset of intertie zone buses identifying boundary
entity resources that correspond to import offers in intertie zone a € A,

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

DXV? € DX designates the intertie zone buses corresponding to inadvertent
energy payback export transactions for hour 4 € {1,..,24};

DIEM € DI designates the intertie zone buses corresponding to emergency
energy import transactions for hour 4 € {1,..,24};

DIEMNS ¢ DIEM designates the intertie zone buses corresponding to emergency

energy import transactions that do not support emergency energy export
transactions in hour 4 € {1,..,24};

DIIN? € DI designates the intertie zone buses corresponding to inadvertent
energy payback import transactions for hour 4 € {1,..,24};

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

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

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;

/i, » designates the set of bid laminations for energy at b € BU DXU VB for
hour 4 € {1,.,24};

/},}%5 designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B for hour h € {1,..,24};

J ’}If)bs designates the set of reference level value laminations for synchronized
ten-minute operating reserve at bus b € Bfor hour h € {1, ..,24};

]}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};
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4.1.41

4.1.42

4.1.43

4.1.44

4.1.45

4.1.46

4.1.47

4.1.48

4.1.49

4.1.50

4.1.51

4.1.52
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/,}2” designates the set of reference level value laminations for non-

synchronized fen-minute operating reserve at bus b € B for hour A €
{1,..,24};

,f,%R designates the set of offer laminations for thirty-minute operating reserve

at bus b€ BU DX for hour 4 € {1,..,24};

e R designates the set of reference level value laminations for thirty-minute

operating reserve at bus b € Bfor hour 4 € {1, ..,24};

K,‘i , designates the set of offer laminations for energy at bus b€ BUDIU VO
for hour 4 € {1, ..,24};

K f ,, designates the set of reference level value laminations for energy at bus
be Bforhour h€ {1,..,24};

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€ B™Uin hour h € {1, ..,24};

K,% c K,b; ,, designates the set of offer laminations for energy corresponding to

the dispatchable region of a pseudo-unit at bus b € B"SYin hour h €
(1,..,24}

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 € B"%in hour

he{l,.. 24}

K, ,]L TMLF designates the set of reference level value laminations for energy
quantities up to the minimum loading point reference level for a non-quick
start resource at bus b € BV in hour h € {1,..,24};

K3 designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € Bfor hour 4 € {1,..,24};

K ',1,,01,5 designates the set of reference level value laminations for synchronized
ten-minute operating reserve at bus b € Bfor hour 4 € {1,..,24};

K}LObN designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BU DI for hour A € {1, ..,24};
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4.1.53

4.1.54

4.1.55

4.1.56

4.1.57

4.1.58

4.1.59
4.1.60
4.1.61
4.1.62
4.1.63

4.1.64

4.1.65

4.1.66

4.1.67
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K, ,}{2"’ designates the set of reference level value laminations for non-

synchronized fen-minute operating reserve at bus b € B for hour h €
{1,..,24};

K%f)bR designates the set of offer laminations for thirty-minute operating
reserve at bus b € BU DI for hour A € {1, ..,24};

K if’bR designates the set of reference level value laminations for thirty-minute

operating reserve at bus b € Bfor hour 4 € {1, ..,24};

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

LYPE € L designates the buses contributing to the zonal price for non-
dispatchable load zone y € Y

LVIRT ¢ [, designates the buses contributing to the virtual zonal price for
virtual transaction zone m € M;

M designates the set of virtual transaction zones,

NCA designates the set of narrow constrained areas;

DCA designates the set of dynamic constrained areas;

B(CA designates the set of broad constrained areas;

PST designates the set of steam turbines offered as part of a pseudo-unit;

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

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

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

VO € Vdesignates the set of offers for energy corresponding to virtual
transactions,
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4.1.68

4.1.69

4.1.70

4.1.71

4.1.72

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

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

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

Ydesignates the non-dispatchable load zones in Ontario; and

Zscn, designates the set of all intertie limit constraints.

4.2 Market Participant Data Parameters

4.2.1

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

BVDG.

42.1.1 ¢NDG, , , designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1,.,24} in association with offer
lamination & € K,’f 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 €
Kb

With respect to a dispatchable generation resource identified by bus b € B¢
42.2.1 MinQDG), designates the minimum loading point;
4222 QDG p,  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

4223 PDG, p,  designates the price for the maximum incremental quantity of
energy in hour A € {1, ..,24} in association with offer lamination k €
Ky

4224 Q108DG}, ;, 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;
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4.2.2.5

4226

4227

4228

4229

4.2.2.10

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

Q10NDG}, i designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve in hour h € {1,..,24} in
association with offer lamination & € K})";

P1ONDG}, ;, ; 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}";

Q@30RDG), p, i designates the maximum incremental quantity of thirty-
minute operating reserve in hour 4 € {1, ..,24} in association with
offer lamination k € hf)bR;

P30RDG), p,  designates the price of the maximum incremental
quantity of thirty-minute operating reserve in hour h € {1,..,24} in
association with offer lamination k € K35

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

4.2.2.11 NumRRDG}, ;, designates the number of ramp rates provided in hour h €

{1,..,24};

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

422.4144.2.2.13URRDG},}, , for w€ {1,.,NumRRDG), ,} designates the-maximum

ramp rate in MW per minute at which the resource can increase the
amount of energy it supplies_ in hour h € {1, ..,24} while operating in
the range between RmpRngMaxDGy,j, .1 and RmpRngMaxDGy, ,

where RmpRngMaxDG), ;,, shall be equal to zero;

422424.2.2.14DRRDG}, ), ,, for w€ {1,.,NumRRDG,} designates the maximum

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 RmpRngMaxDG), ;, .., and RmpRngMaxDGy, p, .
where RmpRngMaxDG), ;,_shall be equal to zero;

42.2134.2.2.15 RLP30 R}, , designates the reserve loading point for thirty-minute
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operating reserve in hour h € {1,..,24}; and
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4221444.2.2.16 RLP10S,, , designates the reserve loading point for synchronized
ten-minute operating reserve in hour h € {1, ..,24}.

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

423.1 SUDG,, , designates the start-up offer in hour 4 € {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;
423.6 RampHrs, designates the ramp hours to minimum loading point,

4237 RampkE}, , designates the ramp up energy to minimum loading point
for we {1, .., RampHrs};

4238 QLTMLPF, }, ;. 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 € Kﬂ;MLP ;

4239 PLTMLP, ;,  designates the price for the maximum incremental
quantity of energy up to the minimum loading point that may be
scheduled in hour 4 € {1, ..,24} in association with offer lamination
ke K%MLP ; and

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

MGODG]LD == SNLh,b + Z PLTMLPh'b'k " QLTMLPh'ka

LTMLP
kekhy

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

424.1 MaxDEL, designates the maximum daily energy limit for a single
resource with or without out a registered forebay.
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4.2.5

4.2.6

4.2.7
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With respect to a dispatchable hydroelectric generation resource identified by
bus b€ BE:

4.2.5.1

4.2.5.2

4253

4254

4.2.5.5

4.2.5.6

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

MinHO,, , designates the minimum hourly output for the resource in
hour 4 € {1,..,24};

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

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

StartMWj,; for 1€{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

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

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

4.2.6.1

4.2.6.2

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

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

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

4.2.7.1

4.2.7.2

LNK S BiFx BIY designates the set of linked dispatchable
hydroelectric generation resources, where LNK is a set with elements
of the form (by, b,) and by € Bl and b, € By,

Lagy, 5, € {0, .., 23} designates the time lag in hours between
upstream dispatchable hydroelectric generation resources b, € BZ‘]E

and downstream dispatchable hydroelectric generation resources b, €
BIE for (by,b,) € LNK: and
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4.2.8

4.2.9
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4.2.73

MWhRatioy, 5, designates the MWh ratio between upstream

dispatchable hydroelectric generation resources b; € BquE and

downstream dispatchable hydroelectric generation resources b, € BiE

for (blle) € LNK.

With respect to a pseudo-unit identified by bus b € B>V

4.2.8.1

4.2.8.2

4.2.83

4284

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

STShareDR,, designates the steam turbine 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 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 for we {1, .., RampHrs}.

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

4.2.9.1

4292

4293

4294

4.2.9.5

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

PDLy, ), ; designates the price for the maximum incremental quantity of
energy in hour 4 € {1, ..,24} in association with bid lamination j €

E .
][1,[73

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

hour 4 € {1, ..,24} in association with offer lamination j € /,1]/%5 ;

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

@10NDL, ;,; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in

hour 4 € {1, ..,24} in association with offer lamination j € ]},,%N ;
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429.6 P1ONDL, ,; 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 € /111,%1\/ ;

429.7 @30RDL, ;,; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in hour /4 € {1, ..,24}
in association with offer lamination j € /Z%R ;

42938 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€ /9%

4299 ORRDL,, designates the operating reserve ramp rate in MW per minute
for reductions in load consumption;

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

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

42.9104.2.9.12URRDLy,, , for we€ {1,.,NumRRDL,, ,} designates the maximum
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,, ., and

RmpRngMaxDLy, ;, ., where RmpRngMaxDLy, , oshall be equal to
Zero;

42.9444.2.9.13DRRDL, p, , for w€ {1,.,NumRRDL, ,} designates the maximram
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, 3, ,,,—,and
RmpRngMaxDLp,, ,, where RmpRngMaxDLy, j, _shall be equal to
zero; and

4:2.9-124.2.9.14 QDLFIRM}, ;, designates the quantity of energy that is bid at the
maximum market clearing price in hourh € {1,..,24}.
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4.2.10

4.2.11

4.2.12
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With respect to an hourly demand response resource identified by bus b €

BHDR .

4.2.10.1

4.2.10.2

4.2.10.3

4.2.104

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.

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

4.2.11.1

42.11.2

42113

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

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

QPRLFIRM, ;, designates the quantity of energy that is bid at MMCP in
hour 4 € {1,..,24}.

With respect to a virtual transaction:

4.2.12.1

4.2.12.2

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

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 € /,’;F’ ”
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4.2.13
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4.2.123

4.2.12.4

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

PVO,, ,,; designates the price for the maximum incremental quantity of
energy in hour h € {1, ..,24} from a virtual zonal resource veE VO in
association with offer lamination k€ K,b; -

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:

4.2.13.1

4.2.13.2

42133

42.13.4

4.2.13.5

4.2.13.6

QIG}, 4 designates the maximum incremental quantity of energy that
may be scheduled to import in hour 4 € {1, ..,24} in association with
offer lamination kK € K,’f &

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

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 €
ON.

hd >
P1ONIG), 5 designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in hour A €

KlON.

{1,..,24} in association with offer lamination K€ K}, ;";

@30 RIG}, 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€ K;‘LOR; and

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 k € Kzf)f.
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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:

4.2.14.1

4.2.14.2

4.2.143

4.2.14.4

4.2.14.5

4.2.14.6

QXLy, 4 designates the maximum incremental quantity of energy that
may be scheduled to export in hour /4 € {1,..,24} in association with
bid lamination j € /,’;F, &

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

@10NXL,, 4; designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve that may be scheduled to

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

h,d »

P10NXLy, 4; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in hour h €
{1,..,24} in association with offer lamination j € ]}I,OdN ;

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

P30RXL;, 4; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in hour h € {1, ..,24} in association
with offer lamination j € /;’]I%R.

4.2.15 With respect to a wheeling through transaction:

4.2.15.1

L, € DX x DI designates the set of linked boundary entity resource
import and export buses corresponding to wheeling through
transactions, where Ly, is a set with elements of the form (dx, di) and
dx € DXand di € DI.

4.3 IESO Data Parameters

431 Variable Generation Forecast

43.1.1

Page 17 of 181

FG), , designates the JESO’s centralized variable generation forecast

for a variable generation resource identified by bus b € B"" in hour
he{l,.,24}.
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433

434
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Variable Generation Tie-Breaking

4321

4322

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

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

Operating Reserve Requirements

433.1

43.3.2

4333

4334

4335

43.3.6

43.3.7

43.3.8

TOT10S5),designates the synchronized ten-minute operating reserve
requirement;

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

TOT30R, designates the thirty-minute operating reserve requirement;

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

REGMin10 R, designates the minimum requirement for total ten-
minute operating reserve in region r € ORREG in hour h € {1,..,24};

REGMin30 R, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in hour h € {1,..,24};

REGMax10 Ry, . designates the maximum amount of total fen-minute

operating reserve that may be scheduled in region r € ORREG in hour
he{l,..,24}; and

REGMax30Ry, - designates the maximum amount of thirty-minute

operating reserve that may be scheduled in region r € ORREG in hour
he{l,..,24}.

Intertie Limits

43.4.1

4342

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 € Z,,. A coefficient
of +1 shall describe flows into Ontario while a coefficient of —1 shall
describe flows out of Ontario;

MaxExtSchy, , designates the maximum flow limit for intertie flow
constraint z € Zg.,in hour A € {1, ..,24};
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4343 ExtDSC), designates the net interchange scheduling limit for when the
net flows over all interties from hour (42— 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 (41— 1) to hour h increase.

Resource Minimum and Maximum Constraints

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

43.5.1.1

435.1.2

43513

43.5.1.4

43.5.1.5

4.3.5.1.6

4.3.5.1.7

43.5.1.8

4.3.5.19

MinDLy, , designates the most restrictive minimum consumption
limit for the dispatchable load in hour h at bus b € B°%;

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

MinNDGy,;, designates the most restrictive minimum output limit

for the non-dispatchable generation resource in hour h at bus b €
BVPG.

MaxNDG}, , designates the most restrictive maximum output limit

for the non-dispatchable generation resource in hour h at bus b €
BNDG;

MinDGy,, designates the most restrictive minimum output limit for
the dispatchable generation resource in hour h at bus b € B¢,

MaxDG}, ;, designates the most restrictive maximum output limit
for the dispatchable generation resource in hour h at bus b € B¢,

MaxMLPF, , designates the maximum output limit in hour h for the

minimum loading point region of a pseudo-unit at bus b € B™Y;

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

MaxDFy, ;, designates the maximum output limit in hour h for the
duct firing region of a pseudo-unit at bus b € BV,
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4.3.6
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Constraint Violation Penalties

4.3.6.1

4.3.6.2

4.3.6.3

4.3.6.4

4.3.6.5

4.3.6.6

(PLdViolSchy,;, QLdViolSchy,,) for 1 € {1, .., Nigyio;,} 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;

(PLdViolPrcy,,, QLdViolPrcy,)) for i € {1, .., Nyqpj,,} designate the
price-quantity segments of the penalty curve for under 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;

(PGenViolSchy,;,QGenViolSchy,;) for 1 € {1, .., Ngepyigy,} 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, .., Ngenyio),} 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 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;

(P10SViolPrcy,,;,@Q108ViolPrcy)) for i € {1, .., Nyosyioy,} 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;
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4.3.6.7

4.3.6.8

4.3.6.9

4.3.6.10

4.3.6.11

(PLORViolSchy,,;, Q10 RViolSchy,;) for i € {1, .., Niggyie,} 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, .., Niogyjos,} 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
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, ..,N3ogyioy,} 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, ..,Nregiorvior,}
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;
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4.3.6.12

4.3.6.13

4.3.6.14

4.3.6.15

4.3.6.16
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(PREG10RViolPrcy,,;, @QREG10 RViolPrcy,)) for i € {1,..,Nggciorvion,}
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, .., Nrpgzorvior,}
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 i € {1, .., Nrggzorvior,}
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 ten-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;

(PXREG10RViolPrcy, ;, QXREG10RViolPrcy, ;) for I €

{1, .., Nxregirorvior,} 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;
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43.6.17  (PXREG30RViolSchy,;,QXREG30RViolSchy;) for i€ {1,..,
Nxreczorvior,} 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;

4.3.6.18  (PXREG30RViolPrc,;, QXREG30RViolPrcy,;) 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;

4.3.6.19  (PPrelTLViolSchy,,, QPrelTLViolSchgy,;) for 1 € {1, .., Nprerriviol,,}

designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused 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;

4.3.6.20  (PPrelTLViolPrcgy,;, QPrelTLViolPrcgy,,) for 1 € {1, .., Nprerryvior,}

designate the price-quantity segments of the penalty curve for
exceeding the pre-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;

4.3.6.21  (PITLViolSch, gy, QITLViolSch,gy,;) for 1€ {1, .., Nizpyjor, ., }
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, 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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4.3.6.22

4.3.6.23

4.3.6.24

4.3.6.25

4.3.6.26

(PITLViolPrc.sy;, QITLViolPre,gy,) for 1€ {1, .., Nizpyjor, ., }

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 € Zg,, 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, .., Nprexrrvior, ,}
designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z € Zg,, 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,.., Nyuyyior,} 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,;, @QNIUViolPrc, ;) for i € {1,.., Nyjyvioy, } 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;
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4.3.6.28

4.3.6.29

4.3.6.30

4.3.6.31
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(PNIDViolSch,, ,QNIDViolSchy,) for i € {1,.., Nypyis,} designate
the price-quantity segments of the penalty curve for exceeding the
hour h net interchange decrease constraint between hours (h — 1) and
h used by the As-Offered 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;

(PNIDViolPrcy,, @QNIDViolPrcy,) for i € {1,.., Nypyioy,} 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;

(PMaxDelViolSch, ;, QMaxDelViolSch,, ;) for i1 € {1, .., Nyaxpervior, }

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, .., Nygaypeivior,}
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;
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4.3.6.32

4.3.6.33

4.3.6.34

4.3.6.35

4.3.6.36
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(PMinDelViolPrcy, ;, @QMinDelViolPrcy,;) for i € {1, .., Nyinpervio), }
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;

(PSMaxDelViolSchy, ,QSMaxDelViolSchy, ;) for I €

{1, .., Nspaxpervior,} 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;

(PSMaxDelViolPrcy,;,QSMaxDelViolPrcy;) for i €

{1, .. ,Nyaxpewvior,} 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, .., Nspinpervior,} 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;
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4.3.6.37

4.3.6.38

4.3.6.39

(POGenLnkViolSchy, ;,QOGenLnkViolSchy,;) for i €

{1, .., NoGenrnikvio,} 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, .., NygGenrnivio,} 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.

Price Bounds

4.3.7.1

4.3.7.2

4.3.7.3

43.7.4

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

EngyPrcFir designates and is equal to the settlement floor price;

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

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

Ex-ante Market Power Mitigation

4.3.8.1

4.3.8.2

4.3.83

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;
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43.8.4

4.3.8.5

4.3.8.6

4.3.8.7

4.3.8.8

4.3.8.9

4.3.8.10

4.3.8.11

4.3.8.12

4.3.8.13

43.8.14

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

P10SDGRefy, - designates the reference level value for synchronized
ten-minute operating reserve lamination k'€ K '}1,01;5 for the resource at

bus b€ B?“inhour h € {1,..,24};

P1ONDGRefy, , - designates the reference level value for non-

K‘ION

synchronized ten-minute operating reserve lamination k'€ K ;" for

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

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

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

P10SDLRefy,;, » designates the reference level value for synchronized

105
y/

ten-minute operating reserve lamination j'€ J, ;,° for the resource at

bus b€ B’ inhour h € {1,..,24};

P10NDLRet),,;» designates the reference level value for non-

synchronized ten-minute operating reserve lamination j'€ ],}2” for the
resource at bus b € BPF in hour h € {1,..,24};

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

operating reserve lamination j'€ /397 for the resource at bus b € B¢
inhour h € {1,..,24}

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

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

PLTMLPRefy, ;, ;- 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 € B in hour h € {1,..,24};

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%;
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4.3.8.15

4.3.8.16

4.3.8.17

4.3.8.18

4.3.8.19

4.3.8.20

4.3.8.21

4.3.8.22

4.3.8.23

4.3.8.24

CTEnThresh2V4 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,;

CTSUThresh"“? 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%;

CTSNLThreshV“! 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%;

CTEnThresh1”4 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%;

CTEnThresh2”4 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;

CTSUThresh”“4 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%;

CTSNLThresh?“? 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%:;

CTEnThresh1%¢4 designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the energy offer for the resource and is equal to 2066 300%;

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

CTSUThresh®“A 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%;
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4.3.8.25

4.3.8.26

4.3.8.27

4.3.8.28

4.3.8.29

4.3.8.30

4.3.8.31

4.3.8.32

4.3.8.33

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

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

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

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

CTORThresh2°® designates the local market power conduct
threshold for a resource as a $/MW increase above the reference level

value of the operating reserve offer for the resource and is equal to
$25/MW;

CTEnThresh19RL designates the local markets power conduct
threetshold 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 maket power conduct threshold
for energy to minimum loading point conduct threshold for a resource
as a $/MW increase above the reference level value of the energy for

energy up to the minimum loading point for the resource and is equal
to $25/MW;
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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

4.3.8.41

4.3.842

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

CTORThresh1°R¢ designates the global market power conduct
threshold for a resource as a percent increase above the reference 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
thereshold 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%;

CTEnThresh2R¢ designates the global market power conduct
thereshold 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%;

CTSNLThreshP®¢ 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;
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4.3.8.43

4.3.8.44

4.3.8.45

4.3.8.46

4.3.8.47

4.3.8.48

4.3.8.49

4.3.8.50

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;

ITThresh1™V¢ designates the price impact threshold for a resource in
a narrow constrained area as a percent increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to 50%;

ITThresh2V4 designates the price impact threshold for a resource in
a narrow constrained area as a $/MWh increase in the energy
locational marginal price output from section 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;

ITThresh1%4 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“4 designates the price impact threshold for a resource in
a broad constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to$50/MWh;

ITThresh1 ™" 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%;
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4.3.8.51

4.3.8.52

4.3.8.53

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 marginal price output from section 9 above the operating
reserve locational marginal price output from section 13 and is equal
to $25/MW.

439 Weighting Factors for Zonal Prices

439.1 WEYIRT designates the weighting factor for bus b € LYRT used to
calculate the price for virtual transaction zone m € M for hour h €
{1,..,24};

4392  WF)D} designates the weighting factor for bus b € LYP" used to
calculate the price for non-dispatchable load zone y € Y for hour
he{l,..,24}; and

4393 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.

44 Other Data Parameters
4.4.1 Non-Dispatchable Demand Forecast

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

44,12 PFL, designates the peak province-wide non-dispatchable demand
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forecast for hour ~ € {1, .., 24} calculated by the security assessment
function.
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4.4.2

443
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Variable Generation

4421

AF Gy, j designates the alternative forecast for a variable generation
resource identified by bus b € BYCin hour A€ {1,.., 24}, which is
either the registered market participant-submitted forecast or the
IESO’s centralized forecast.

Internal Transmission Constraints

443.1

4432

4433

4434

4435

4.43.6

PreConSFy ¢, designates the pre-contingency sensitivity factor for
bus b € BU D indicating the fraction of energy injected at bus b which
flows on facility f during hour h under 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 € F;, in hour h under pre-
contingency conditions. It shall be determined as the weighted average
of the pre-contingency sensitivity factors for non-dispatchable loads,
dispatchable loads, hourly demand response resources, and price
responsive loads within the virtual transaction zone using the

weighting factors WFXZ{ ! 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€ Fy . 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 WFX%Z 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.
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5

5.1

5.2

5.3
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4.4.4

Transmission Losses

4441

4442

4443

LossAdjy, designates any adjustment needed for hour A€ {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.

MglLossy,;, 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 € BU D inhour A€ {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,ZZ?, ! for virtual transactions.

Initialization

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.

Reference Bus

5.2.1

522

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.

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

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,
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5.3.1.2 use only forecasts of demand forecast areas in the main island; and

53.13 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 A € {1, .., 24}, each variable generation resource bus b € B¢
and each offer lamination & € Kf »» the offer price PDGp, j, . shall be modified
to PDGpp i — (%Mé’g) 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-dispatch calculation engine prior to the execution of the day-
ahead market calculation engine:

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

5.6.1.1.5  SCT, p, which designates the schedule of the combustion turbine

associated with the pseudo-unit at bus b € BSY;
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5.6.2

5.6.3
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5.6.1.1.6  S5T; ,,, which designates the schedule of steam turbine 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
de DI

5.6.1.2 The initial schedules for non-quick start resources shall be determined
to align with the commitment status logic described in section 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 ODG, , which designates whether the dispatchable generation
resource at bus b € BV 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 was
scheduled to operate at or above its minimum loading point. For
resources with ODGy , = 0, InitOperHrs), shall be set to zero.

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

6.1 Interaction between the Security Assessment Function
and Optimization Functions

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

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

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

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

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

optimization functions in Pass 1 and Pass 3:

6.2.2.1

6.2.2.2

6.2.2.3

6.2.2.4
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the schedules for dispatchable loads, hourly demand response
resources, and price responsive loads;

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

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

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 AFLj;, 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 /ESO 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 PFLj, by adding the forecast MW quantities determined for
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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.
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6.3.3

6.3.4
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In Passes 1 and 3 of the day-ahead market calculation engine, the security
assessment function shall distribute the net schedules for virtual transactions
in each virtual transaction zone to non-dispatchable loads, dispatchable
loads, hourly demand response resources, and price responsive loads within
the virtual transaction zone using the weighting factors ( WFX%Z) for virtual
transactions. In the security assessment function, the total MW quantity
allocated to:
6.3.3.1 a dispatchable load, an hourly demand response resource or a price
responsive load shall be equal to the schedule determined by the
optimization functions plus the amount allocated in the distribution of
the net schedules for virtual transactions; and
6.3.3.2 a non-dispatchable load shall be equal to its forecast MW quantity
plus the amount allocated in the distribution of the net schedules for
virtual transactions.
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.
6.3.4.4 Violated pre-contingency limits shall be linearized using pre-
contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.
6.3.4.5 If the linear DC power flow analysis is used, the pre-contingency
security assessment may develop linear constraints to facilitate the
convergence of the AC or non-linear DC power flow analysis in the
subsequent iterations.
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6.3.4.6

6.3.4.7

6.3.4.8

6.3.4.9

6.3.4.10

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

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

The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each 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.

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.

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

6.4.1.1

6.4.1.2

6.4.13

6.4.14

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;

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

the marginal loss factors as described in sections 6.3.4.8-6.3.4.10; and

loss adjustment quantity for each hour.
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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;

the As-Offered Pricing algorithm described in section 9;

e the Constrained Area Conditions Test described in section 10;

e the Conduct Test described in section 11;

e 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.
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8 As-Offered Scheduling

8.1 Purpose

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

8.2 Information, Sets, Indices and Parameters

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

8.3 Variables and Objective Function

8.3.1 The As-Offered Scheduling algorithm shall solve for the following variables:

8.3.1.1

83.1.2

83.1.3

8.3.1.4

8.3.1.5
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SPRLy,,;, which designates the amount of energy that a price
responsive load is scheduled to consume at bus b € B% in hour
he{l,..,24} in association with lamination j € ],b; b

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

S108DLy,p,; , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b€ BPL in hour h € {1,.., 24} in association with lamination j €
/105.

hb >
S10NDLy, ;. ; , which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable load is scheduled to

provide at bus b€ BPL in hour A€ {1,.., 24} in association with

10N.
Y/

lamination € /",

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 € /137’0171?;
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83.1.6

83.1.7

83.1.8

8.3.1.9

8.3.1.10

8.3.1.11

83.1.12

8.3.1.13

83.1.14

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

BHDR

for an hourly demand response resource at bus b € in hour

he{l,..,24} in association with lamination j € /,’;F’ b

SVB),,,» which designates the amount of energy a virtual zonal
resource v € VB is scheduled to consume in hour 2 € {1, .., 24} in
association with lamination j € /,‘;F, ”

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

S10NXLy, 4, which designates the amount of non-synchronized zen-

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 € /},}%N ;

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 4 € {1, .., 24} in association with
lamination j € ﬁ]?dR;

SNDG}, , i, which designates the amount of energy that a non-
dispatchable generation resource is scheduled to provide at bus b €
BYPG in hour A€ {1, .., 24} in association with lamination £ € Kf b

SDG} i, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus
be BPCinhour h€E {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 h€ {1,.., 24};

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};
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83.1.15

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

S105DGy, i , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € BP% 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¢ in hour A€ {1,.., 24} in

association with lamination k€ K..";

S30RDG, p, i, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € BP% in hour h € {1, .., 24} in association with
lamination kK € ,,f)bR;

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

S8T}, p, which designates the schedule of steam turbine p € PST'in hour
he{l,..,24};

O10R), ,, which designates whether the pseudo-unit at bus b € BVO10PF

has been scheduled for ten-minute operating reserve in hour
he{l,.., 24}

OHO,, ,, which designates whether the dispatchable hydroelectric

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

OFR},;,; for 1 € {1, ..,NFory}, which designates whether the
dispatchable hydroelectric generation resource at bus b € B"F has
been scheduled at or below ForLy;, or, at or above ForlU, ;in hour

he(l,.., 24}

IHE}, ;, ;, which designates whether the dispatchable hydroelectric
generation resource at bus b € BF registered a start between hours
(h—1)and he{1,.., 24} as aresult of its schedule increasing from
below StartMW),; to at or above StartMW),; for 1 €

{1,.. NStartMW,};
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8.3.1.24

83.1.25

8.3.1.26

8.3.1.27

8.3.1.28

8.3.1.29

SVOy,, 1, which designates the amount of energy a virtual zonal
resource v € V0O 1is scheduled to provide in hour A€ {1, .., 24} in
association with lamination k € K,fv;

S1G}, 4« , 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 kX € K,b; &

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

association with lamination k € Ky %";

S30RIG}, 4, 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 kK € Kf,f)R;

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

ObjPRL;, + ObjDLy, — ObjHDR;, + ObjVBy, + ObjXL, — ObjNDG,
( — 0bjDGy, — ObjVO, — ObjIG, —TBy, — ViolCosty, )

h=1.24
Where
ObjPRL;, = Z Z SPRLyy,; - PPRLy
beBFRL \ jesE,
Z SDLypj PDLpp; — Z S105DLyy, ;- P10SDLyp; —
objDL, = <k JEy
bERDL Z S10NDLyp j - PIONDLy 5 — Z S30RDLyp, ;- P3ORDLyp ;
jeny JERY
ObjHDR,, = Z Z SHDRy,, ;- PHDRy,
beBHER \ jejE
ObjVB), = Z Z SVBh.v.j -PVI&‘M,”r
eV -EJT}:E.L‘
Z SXLthJ' .PXLh,d,j - Z SlONXLh'd'j ' P].ONXLh,d,j
] jE]E jE]lUN
ObjXL, = Z n e
deDX - Z S30RXLh,d,j'P30RXLh,d'j
JERS

OijDGh = Z Z SNDGh,b,k " PNDGh,b,k

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

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

beBN@s

OijOh = Z Z SVOh,v‘k * PVOth,k

vevo \ erv

z S[Gh,d,k " P[Gh,d,k + Z SlON[Gth,k " P].ON[G]Ld,k

ObilC Z ke kekioN
Jibp =
deDI + Z SSORIG;I,d'k * PSORIG}"L,L!,IC

30R
keKy 4

8.3.2.1 The tie-breaking term (T B},) 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:

rg. — TBPRLy + TBDLy + TBHDRy, + TBVB,, + TBXL, + TBNDG),
R = + TBDG,, + TBVO,, + TBIG,

Where:

]

2
(SPRLy; ;)" - TBPen
TBPRL), = Z =
. 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 (SXLyq,)" - TBPen N Z (S10NXLy, 4 ;)" - TBPen
QXLyy; L QIONXL, 4,
J€lh4

JEIE,

TBXL, =

dEDX N ((530RXL;1,M)2 - TBPen) ’
S Q30RXLy, 4,

2
SNDG -TBPen
TBNDG, = (SNDGy i) ) ;

ONDG
- A ( nbk
bEE KEKp )

TBDG,

QDG b Q10SDy p

Z ((SDG,t,b,k)z-TBPen) . Z ((S1osnah_,,,k)2—rspen) .\
keKE, kek}9s

vhe ((SlONDGh_b_k)Z : TBPen) . ((53ORD(;M,J\,)2 : TBPen)
keKROR

Q10NDGy Q30RDGy

ke

(SVOnuy)” - TBPen
QVOy i ’

TBVO, = Z
vEVO kEK}}E.v

and

Z ((Sfch,d,k)z-TBPen) N z ((smmch,d,k)z-mpen)
G 10NIG
cexk, QG q % i Excton Q h,dk

TBIG, = )
deDI n ((3301‘?16;,,5!,;{) - TBPen)
k ekFOR

Q30RIG 41
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83.2.2

ViolCosty, shall be calculated for hour 4 € {1, .., 24} using the

following variables:

83.2.2.1

83222

83.2.23

83224

83.2.2.5

83.2.2.6

8.3.2.2.7

83.2.2.8

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

SGenVioly ;, which designates the violation variable associated
with segment / € {1,..,Ngepyio,} of the penalty curve for the
energy balance constraint allowing over-generation;

S510SVioly, ;, which designates the violation variable associated
with segment 7 € {1, .., Mgy} of the penalty curve for the
synchronized fen-minute operating reserve requirement;

S10RViol, ;, which designates the violation variable associated
with segment 7 € {1,..,Njggpjos} of the penalty curve for the total

ten-minute operating reserve requirement;

S30RVioly;, which designates the violation variable associated
with segment 7/ € {1,.., N39gpj} of the penalty curve for the

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

SREG10RViol,;, ;, which designates the violation variable
associated with segment 7 € {1,.., Ngggiorvio,} of the penalty

curve for violating the area total ten-minute operating reserve
minimum requirement in region r € ORREG;

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;

SXREG10RViol,p ; , which designates the violation variable
associated with segment 7 € {1,.., Nxgggiorvios,} Of the penalty
curve for violating the area total ten-minute operating reserve
maximum restriction in region r € ORREG;,
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83.2.2.9

8.3.2.2.10

8.3.2.2.11

8.3.2.2.12

8.3.2.2.13

83.2.2.14

8.3.2.2.15

8.3.2.2.16

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

SPrelTLViols, ; , which designates the violation variable associated
with segment 7 € {1, .., Npweriyiol,} Of the penalty curve for

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

SITLViol, ¢, ; , 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€ F
and contingency c€ C;

SPreXTLViol,, ; , which designates the violation variable
associated with segment 7 € {1,.., Nprexryvio,,} of the penalty

curve for violating the import/export limit associated with intertie
limit constraint z € Zg;

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,.., Nyspyio,} 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,.., Nyaxpemmior,} 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,.., Nynpevior,} of the penalty
curve for violating the minimum daily energy limit constraint for a
resource at bus b € BIE;
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8.3.2.2.17

8.3.2.2.18

8.3.2.2.19

8.3.2.2.20

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

curve for violating the shared minimum daily energy limit
constraint for dispathable hydroelectric generation resources in set
S € SHE,

SOGenLnkVioly,p, p,;» which designates the violation variable
associated with segment 7 € {1,.., Nogensnkvior,} 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 € B/}f and

b, € BYE; 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 by € Bijt and

b, € BE.

8.3.2.3 ViolCosty shall be calculated as follows:
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ViolCost, = Z SLdVioly ; - PLdViolSchy, ;
i=1.NpLaviol,
- Z SGenVioly, ; - PGenViolSchy,
i=1.NGenVioly,
+ Z 510SVioly ; - P10SViolSchy, ;

i=1.N1osvioly

+ Z S10RViol, ; - P1ORViolSchy, ;
i=1..N1oRVioly,

+ Z S$30RViol,; - P30RViolSchy, ;

i=1.N3oRViol;

+ Z z SREG10RViol,. j,;

TEORREG \i=1.NREGioRViol,

- PREG10RViolSchy,;

JPIEp)

TEORREG izl--NREGBORViOIh

SREG30RViol,

- PREG30RViolSchy, ;

+ Z Z SXREG10RViol,  ;
TEORREG \i=1.NxREG1oRViol,

- PXREG10RViolSchy,;

+ Z Z SXREG30RViol, ;

TEORREG i:]---NXR.E'G3DRVi0!h

- PXREG30RViolSchy, ;

PANED)

fEeFR \i =L.NpreiTLViolp ),

SPI‘EITLViOEf,h'!’

- PPrelTLViolSchy

+ Z Z Z SITLViOIC,f.h_{

CEC f€Fpc \i=L.NITLVio0l, £ )y
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- PITLViolSch, f p;

+ Z Z SPreXTLViol, p;

2€Zsch \I=1.NprexXTLViol,

- PPreXTLViolSchyp ;

+ Z SN1UVioly ; - PNIUViolSchy;
i =1L.NN1yvioly,
+ Z SNIDVioly; - PNIDViolSchy ;

i=1.Nnipviely

+ Z Z SMaxDelVioly j, ;

beRELR \ i :1..NMaxDe£Vt'Olh

- PMaxDelViolSchy, ;
+ Z Z SMinDelVioly, j, ; - PMinDelViolSchy, ;
beBHE \i =1.Nyinpelvioly,
+ Z z SSMaxDelVioly, s ; - PSMaxDelViolSchy, ;
SESHE \ i =1.NsMaxDelvioly,
+ Z Z SSMinDelVioly s ; - PSMinDelViolSchy, ;
S€SHE \i =1.Nsminpelvioly

+ Z Z SOGenLnkVioly, gy, v, i

(by.b2)ELNK \i =1.NogGenLnkvioly,

* POGenLnkViolSchy ;

+ Z Z SUGenLnkVioly g p.y:
(b1.b2)ELNK \i=1.NyGeninkvioly

- PUGenLnkViolSchy ;
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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

Page 55 of 181

Scheduling Variable Bounds

8.5.1.1

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

8.5.1.1.1  ODGy,, € {0,1} for all hours 4 € {1, .., 24} and all buses b € B”C.

85.1.2

8.5.1.3

8.5.14

8.5.1.5

8.5.1.6

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

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

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.

If the dispatchable generation resource at bus b € B¢ 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.

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

0 < SPRLy;,; < QPRLyy,; forallb € BFEL,j € JE ;

0 < SDLyy; < QDLyy; forallb € BPL,j € JE,;

0 < S10SDLyy; < Q10SDLyy,; forall b € BPL, j € J195;

0 <S10NDLy,; < Q1ONDLy, ; forall b € BPL, j € J1OV;
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0 < S30RDLy;; < Q30RDLy),;
0 <SHDRy,;; < QHDR;,,;

0 <SVBy,; < QVBy,;

0 <SXLpa; < QXLpq;

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

0 <SVOppr < QVOp ik

0 <SIGpar < QIGrar

0 < S10NIGp g4 < QLONIG) 4
0 < S30RIGpqr < Q30RIGqy
forallhoursh € {1,. ., 24}.

8.5.1.7

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

Generation resources may be scheduled for energy and/or operating

reserve only if 0DGp , = 1. Therefore, for all hours 2 € {1, .., 24}:

0 S SDG]I,b,k S ODGh,b * QDGh,b,k

BDG, k e ngb;

0 < S10SDGy i < ODGyy, - Q10SDG p 1

BP¢ k€ K3 9%

0 < S10NDGy,px < ODGyy, - QLONDG, ;.

BP¢ ke K,%'%N; and

0 < S30RDGpx < ODGpyp, - Q30RDGy bk

BPC, k € K29,

Resource Minimums and Maximums for Energy

8.5.2.1

for all b €

forall b €

for all b €

for all b €

The non-dispatchable portion of price responsive loads shall always

be scheduled. For all hours 4 € {1,..,24} and all buses b € BRL:

Z SPRLy,; = QPRLFIRMy, .

}'Ef}}ib
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8.5.2.2

8523

8.5.2.4

8.5.2.5
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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 SDLth'j < MaxDthb.
J€Ifp
The non-dispatchable portion of dispatchable loads shall always be
scheduled. For all hours 2 € {1, .., 24} and all buses b € B"":

Z SDLy,y,; = QDLFIRM,, .
J€lfp
A constraint shall limit schedules for non-dispatchable generation

resources within their minimum and maximum output for an hour. For
all hours A€ {1, .., 24} and all buses b € BNV

MinNDGh'b < Z SNDGh.b,k SM&XNDG]LIJ.

E
KEKE

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,

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

and

AdjMinDG;;, = min(MinDGy,;,, AdjMaxDGy, ).

For all hours A€ {1,.., 24} and all buses b€ B”“:
AdeinDGh,b < MLTIQDG}) . ODGh,b + Z SDGh.b,k

kekE ),
< AdeaxDGh,b.
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8.5.2.6 If the commitment status, ODG, , of a dispatchable generation
resource is equal to 1 and if this status is inconsistent with the adjusted
minimum and maximum constraints, MinQDG), > AdjMaxDG, ;, then
ODGj, , shall be changed to a value between 0 and 1.

8.5.2.7 If the total offered quantity does not exceed the minimum constraint
for the resource, MinQDGy + 3, KL, QDG < AdjMinDG, p,, then

the resource shall receive a schedule of zero.

853 Off-Market Transactions

8.5.3.1 For all hours 4 € {1, .., 24} and all intertie zone buses corresponding
to an inadvertent energy payback export transaction d € DXV

D SXLyaj= ) QXLyay

J€lRa feffid

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

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

8.5.33 For all hours 2 € {1, .., 24} and all intertie zone buses corresponding
to an emergency energy export d € DX,‘?M :

8.5.3.4 For all hours 4 € {1, .., 24} and all intertie zone buses corresponding
to emergency energy import d € DIEM:

Z SIGh,a,k = z QIGH,CI,R-

KEK: 4 KEK; 4
8.5.4 Operating Reserve Requirements
8.5.4.1 The total synchronized ten-minute operating reserve, non-

synchronized ten-minute operating reserve and thirty-minute operating
reserve scheduled from a dispatchable load shall not exceed:

8.5.4.1.1 the dispatchable load’s ramp capability over 30 minutes;
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8.5.4.1.2 the total scheduled load less the non-dispatchable portion; and

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

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

S S10SDLy,;+ Y S10NDL,,;+ 3 S30RDL);

€y € JELY
<30-0RRDL;;

S10SDLy, ; + Z S10NDLy,,,; + Z S30RDLy,,

10N 30R

JEIy T€Tnp J€Inp
< Z SDLyyp,j — QDLFIRMy, j;
J€lkp
and

S510SDLyp j + Z S10NDLyp j + Z S30RDLy, p,

jEIRgs JEImyY JEIRY
< Z SDLy,, ; — MinDLy,
j E]E,b
8.5.4.2 The amount of both synchronized and non-synchronized ten-minute

operating reserve that a dispatchable load 1s scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all hours 2 € {1, .., 24} and all buses b € BPL.

Y $10SDLy,;+ > S10NDL,, <10-ORRDL,

J€lhp J€hb
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 4 € {1, .., 24} and all intertie zone export
buses d€ DX:

S1ONXLyq;+ ) S30RKLyqy < ) SKlyay

jenyy JERS J€lha
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8.54.4

8.5.4.5

8.5.4.6

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

S10SDGy s + Z S10NDGy . + Z S30RDG,
KeKASS kekpN keKFR
< 30-ORRDGy;

S10SDGppx + Z S10NDG, 5 + Z S30RDG, 1 1
keKAGS kekpN keKFOR
< Z (@DGpp i —SDGhpi);
KEKF ),

and

S10SD Gy + Z STONDGyp 1 + Z S30RDGy s
KEKLES keREN KkeKEIR
< Adeﬂ,QCDGh,b - Z SDGh,fJ,k - ManDGb

E
keKE ),

The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide shall not exceed the amount by which the resource can
increase its output over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all hours 2 € {1, .., 24} and all buses b € BPG.

S10SDG, 0 + z S10NDGy,
KEKRS ke IOV

< 10-0ORRDG,

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

KEK}SS
< MLTLQDGL, ' ODGh,b + Z SDGh,b,k
keKE ,
1
RLP10S,,
min< 10 - ORRDG,, Z Q10SDGp 1
keKjSS
8.5.4.7 The amount of thirty-minute operating reserve that a dispatchable

generation resource is scheduled to provide shall be limited by its
reserve loading point for thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all hours
he{l,..,24} and all buses b€ BPC with RLP30R, ;> 0:

S30RDG),

30R
keK;)

_ 1
<|MinQDG,-0DG,+ > SDGy, ()
S, RLP30R,,,

| min{30-ORRDG,, Y 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 A€ {1, .., 24} and all intertie zone import buses d € DI

Z S1ONIGy g5 + Z S30RIG), 4 1

10N 30R
keKO KeKR!

< Z QIGha. — SIGyap)

E
kekE
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8.5.5 Pseudo-Units

8.5.5.1 A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam turbine
shares in the operating regions of the pseudo-unit determined in

section 22. For all hours A€ {1, .., 24} and pseudo-unit buses b €
BPSU-

SCTy, = (1 — STShareMLP,) - MinQDG,, - ODGy,,
+(1 - STSha?“eDRb) ) Z SDG}I,b,k f
keKpR

and for all hours A€ {1, .., 24} and steam turbines
pPE PST:

STShareMLP, - MinQDG,, - ODG, , +

S5Thp = Z STShareDR,, - Z SDGppx | + Z SDGy,
beby! kekPE kekPr
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 A€ {1, .., 24} and pseudo-unit buses b € BPSU:

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

Z SDGy, . < MaxDRy, ,,

keKPR

Z SDGy px < MaxDFy,,,

KEKD}
and
Z SDGy i + Z §105DGy, p, . + Z S10NDGy, ; «
KEKE ), KEKRSS kekpoN
+ Z S30RDGy p x < MaxDRy,;, + MaxDF,
KeKEOR
Page 62 of 181 Public IMO_FORM_1087v13.00

REV-21-06



Page 63 of 181

8.5.53

8554

8.5.5.5

8.5.5.6

For a pseudo-unit that cannot provide ten-minute operating reserve
from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled in its duct firing region whenever the pseudo-unit is
scheduled for ten-minute operating reserve. For all hours
h€{1,..,24} and pseudo-unit buses b € BNO10DF:

O10R,, € {0,1}

and
Z SDGy i + Z $10SDGy, p i + Z S10NDGy p
KEK} ), keKp9S kekp 9V

S MaxDRh,b + (1 - OlORh,b) b MaxDFh’b

For all hours A € {1, .., 24}, pseudo-unit buses b € BNO10DF and
laminations k£ € K}If)bs :

S10SDG),,, < O10R,,,* Q10SDG,,

For all hours A€ {1, .., 24}, pseudo-unit buses b € BVO10PF and

laminations kK € K}I,ObN :

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

For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3, the combustion turbine
schedule for the pseudo-unit at bus b € BPSU in hour A€ {1, .., 24}
shall be equal to:

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

point,

8.5.5.6.2 RampCT,,, if the pseudo-unit is scheduled to reach minimum

loading point in hour (41 + 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
schedule for p € PST shall be equal to $57;,, plus any contribution
from pseudo-unit b € B;T ramping to minimum loading point as given
by RampST,,,, for a pseudo-unit scheduled to reach minimum loading
point in hour (h+ w) for we {1, ..,RampHrsy}.
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8.5.6 Dispatchable Hydroelectric Generation Resources

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

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

kEKE ),

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

OHOh,b (S {0,1} ;

ODGh,b ' ManDGb + Z SDGh,b,k = MinHOh'b - OHOh,b;
keK} ),
and for all £ € Kﬁbi

0 <SDGppi < OHOy - QDG

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"F and all
i € {1,.., NForp}:

OFR;;,, €{0,1};

ODGh‘b . ManDGb + Z SDGh,b,k
keKE ),
< OFRh,b,i - FO?"Lb.i + (1 — OFRh,b,L’)

MinQDG, + Z QDG |
keKE |,
and

ODGh,b . ManDGb + Z SDGh,b,k = (1 - OFRthJ[') ) FOTUb.i
keKf ),
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8.5.7 Wheeling Through Transactions

8.5.7.1

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

Y SXlpgej= > SIGhaik
IS KEK g

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

8.6.1 Energy Ramping

8.6.1.2

8.6.1.3

8.6.1.4

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

> SDLy_y;;—60-DRRDL, < > SDLy,;

J€T i1 i€
< Z SDLy_4,,;+60-URRDL,
_E
J€Ih-1p
8.6.1.6 Energy schedules for hourly demand response resources cannot vary

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

> (QHDR,_,,,—SHDR,_,,)—60-URRHDR,

Jl1
< Z (QHDR,,, ; — SHDRy ;)
. E
J€lnp
< Y (QHDR, . —SHDR;_y;)+60-DRRHDR,
J€h-1
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 #€ {1, .., 24} and all buses b € 5P

8.6.1.7.1  For the first hour a resource reaches its minimum loading point,
where ODGp,, = 1, ODGy4 = 0, the following constraint shall be
applied:

0< Z SDGppx < 30-URRDG,

E
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:

S SDGy 14— 60-DRRDG,< S SDGy
keKy keky, ,
g Z SDGh_l,ka+60'URRDGb

KEKG_1
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8.6.1.7.3  For the last hour the resource is scheduled at or above minimum

8.6.1.8

8.6.1.9

loading point before being scheduled off, where 0DG},, =1,
ODGy. 1 p = 0, the following constraint shall be applied:

0< ) SDGy,<30-DRRDG,
kEKib

The constraints in sections 8.6.1.7.1 and 8.6.1.7.3 do not apply to a
quick start resource.

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

8.6.2.2
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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 2 € {1, .., 24} and all
buses b€ BL:

S S10SDLy,;+ > S1ONDL,,;+ 3 S30RDL,,

i€y iy iy
< N SDLy,; — Y SDLy_y,;+60-DRRDL,
) E it} ) E 0,
J€hp JE€Ih—1p

The total synchronized ten-minute operating reserve, non-
synchronized fen-minute operating reserve and thirty-minute
operating reserve from a committed dispatchable generation resource
shall not exceed its ramp capability to increase generation and for all
hours A€ {1,.., 24} and all buses b € BPG .
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§10SDGy,, + > S10NDG, ;)

KEKLY keK} S
+ ZSORS30RDG,TM < ZE SDGy_y 4
kEK, ), KEKp_11
— > SDGy,;+60.URRDG);
kEK},

S105DGy . + Z S10NDGy, . + Z S30RDGy p i

108 10N 30R
kek}Y KeKLY kEKRY)

< [(h —n)- 60 + 30] - URRDG, - ODG,,

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

S10SDGp 5 + Z S10NDGy, j, «
kekp9s kekpON
+ Z S30RDGy . + Z SDGppx
keK} R kekE,

< [(m— h) - 60 + 30] - DRRDG,, - ODG), ,

where m is the hour of the last shutdown in or after hour h.

8.6.3 Non-Quick Start Resources

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

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

BV has yet to complete its minimum generation block run-time, and:

0DG,p,, ODGy p, -, OD Grnin(24,MGBRTDGy ~InitOpertrsy)b = 1

8.6.3.3 If ODG}., =0, ODG, =1, and MGBRTDG), > 1 for hour

he{1,..,24}, then the resource at bus b € BN has been scheduled
to start up during hour h and shall be scheduled to remain in operation
until it has completed its minimum generation block run-time or to the
end of the day. Therefore:

ODG 41,5, ODGr 2 pr e s OD Gipinzan + MGBRTDG,-1),0 = 1
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8.6.4
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8.6.3.4

8.6.3.5

8.6.3.6

8.6.3.7

If ODGy4 =1, ODGp ), =0, and MGBEDTDG, > 1 for hour
hE€{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:

ODGyy1,p, ODGlyg s v ODGryin2ah + 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, j, indicates that the non-quick start resource
at bus b € BN9S is scheduled to reach its minimum loading point in
hour A € {1, .., 24} after being scheduled below its minimum loading
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 € B":

1 If ODGh—l,b = 0and ODGh,b =1

IDG = {
h.b 0 otherwise.

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

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

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 € BZLR

where an energy limited resource is located and all hours
He{l,..,24}:
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Z ODGh,b . MinQDGb + Z SDGh,b,k

h=1.H ke;{;’fb

+ 100RConv Z S10SDGy b

108
REKESS

+ Z S10NDGy 1k

10N
k€K,

+300RConv Z S30RDGy p x

30R
k€K p

- Z SMaxDelVioly ,; < MaxDEL,

i=1.NMaxDetVioly

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

8.6.5 Dispatchable Hydroelectric Generation Resources

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

solution. For all dispatchable hydroelectric generation resource buses
be BE;

Z ODGh‘b ' ManDGb + Z SDGII.b,k
h=1.24 REKEb

+ Z SMinDelVioly, ,; | = MinDEL,

i=1.NyinDelvioly,

Page 70 of 181 Public IMO_FORM_1087v13.00
REV-21-06



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

dispatchable hydroelectric generation resource at bus b € B was
counted in hour 4 € {1, .. 24} as a result of the resource schedule
increasing from below its i-th start indication value to at or above its
i-th start indication value for i € {1,.., NStartMW,}. A value of zero
shall indicate that a start was not counted, while a value of one

indicates that a start was counted.

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

1 if [ ODG_y, MinQDG, + Z SDGp_ypy < StartMW,,

kekE_,
IHEp ), ; = A
and | ODG),, - MinQDG, + Z SDGy e = StartMWw,,;
keKE ,
0 otherwise.
8.6.5.3 Dispatchable hydroelectric generation resources shall not be

scheduled to be started more times than permitted by their maximum
number of starts per day. The following constraint shall apply for all
buses b € BE:

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

8.6.5.4 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 cpHE KEK},
+ Z SSMinDelViol,,
i=1.NsMminDelVioly,
= 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.

Page 72 of 181 Public IMO_FORM_1087v13.00
REV-21-06



8.6.5.7 For all linked dispatchable hydroelectric generation resources
between upstream resources by € B{};,E and downstream resources b, €
BYE for (by,b,) € LNK and hours A€ {1,.., 24} such that
h+ Lagy, ,, < 24:

> ODGi1ag, , b, MINQDGy, + D SDGinsrag, b,
HE ' E !
bZEBdn kEsz,h+Lagb1’b2

_ SOGenlnkViol J

. Z h+Lagy, p,/(b1.b)1
1*1"NUGe7‘Lnkw°lh+Lagbl b

v ¥ SUGenLnkViolyy g, , (b,by)i
121--NUG€nL“kVi°1h+Lagb b

= MWhRatiObl,bz

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

bi€BLy keKp,

8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance

8.7.1.1 The total amount of energy withdrawals scheduled at load bus b € Bin
hour A€ {1,.., 24}, With,,, shall be:

Withy, ,
Z SPRLy, ; if b € BPRL
€Ik
_ ) Z SDLyp if b € BPL
€Tk
Z (QHDRy,;, ; — SHDRy, 1, ;) if b € BHDER
J'Eflib
8.7.1.2 The net energy withdrawal for virtual transaction zone m € M in hour

he{l,.., 24}, VWithy, ,, as all bids scheduled from virtual
transactions for energy less all offers scheduled from virtual
transaction for energy shall be:
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VWithh’m = Z Z SVBh,U,j - Z Z SVOh,U’,k
vE‘VijE]iv PEVOm kEK‘E,v

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

Withh,d = Z SXLthJ
J'E]id
8.7.1.4 The total amount of injections scheduled at internal bus b € Bin hour

he{l,.., 24}, Injy, shall be:

Inj), , = Oﬁ"er[njh'b + Ramplnj,

where

Of ferInjy,
Z SNDGy, 1 if b € BNPG
kEKS
ODGyp, - MinQDG, + Z SDGyp x if b € BP¢

KEKE ),
and
RamplInjy

RampEb’w ' 1DG.’L+W,I) lf b e BNQS

w=1.min(RampHrsp,24—h)
0 otherwise

8.7.1.5 The total amount of import energy scheduled at infertie zone bus
d€ DIlinhour h€ {1,.., 24}, Injy, 4, as the imports into Ontario from
that intertie zone bus shall be:

njpq = Z SIGp gk

E
kekE,
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8.7.2
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8.7.1.6

Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor calculated by the security assessment function
to reflect the losses or reduction in losses that result when injections or
withdrawals occur at locations other than the reference bus. These
loss-adjusted injections and withdrawals must then be equal to each
other after taking into account the adjustment for any discrepancy
between total and marginal losses. Load or generation reduction
associated with the demand constraint violation shall be subtracted
from the total load or generation for the day-ahead market calculation
engine to produce a solution. For hour 2 € {1, .., 24}, the energy
balance shall be:

AFL, + Z (1 + MglLossy, ) - Withy,,,
beBPRLyBDLgHDR

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

+ Z (1 + MglLossyq) - Withy, 4
deDX

_ Z SLdVioly;
i=1.Npaviol,

= Z (1 + MglLossy ) - Injnp
beRNDGRDG

+ Z (1+ MglLossy ) - Injp 4
deDI

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

Operating Reserve Requirements

8.7.2.1

8722

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

Constraint violation penalty curves shall be used to impose a penalty
cost for not meeting the /ESO’s system-wide operating reserve
requirements, not meeting a regional minimum requirement, or not
adhering to a regional maximum restriction. Full operating reserve
requirements shall be scheduled unless the cost of doing so would be
higher than the applicable penalty cost.
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For each hour 4 € {1, .. 24}

Z Z S10SDLy,; |+ Z Z S10SDGy,

DL r = 7108 DG 108
bEB J€ILD bEB KEK}Y:

+ z S10SViol,; = TOT10S,;

i=1.Nyosviol,

S10SDL,,; |+ Z z S10SDG, 1

bEBDL \ jejios beBPE \ kek S
+ Z Z S10NDL,,, |+ Z Z S10NXLj, o
= AVER devi gty
+ Z z S10NDG, . | + Z Z S10NIG), o 1
bEBDG keKi%N deDI ’fEKﬁN

+ Z S10RViol,; > TOT10Ry;

1‘=1‘-N10Rviolh

and
Z Z S10SDLyy ; |+ Z Z S10SDGy, py
beBDL \ jejios beBPE \kekl9s
+ Z Z S10NDLy;; | + Z Z S1ONXLy 4 ;
beBPL \ je ioN denx \ jejroN
+ z z S10NDGy | + z Z S10NIGy 44
beBDE \ kegioN deDI \kexpoN
+ Z Z S30RDLy ;i |+ Z Z S30RXLy, 4,
beBPL \ jerioR deDx \jejiof
+ Z Z S30RDGh e | + Z z S30RIGh q
beBPC \ kekFR deDI \kekioF
+ Z S30RViol,; = TOT30Ry
i=1.N3oRVioly,
Public IMO_FORM_1087v13.00

REV-21-06



8.7.2.3 The following constraints shall be applied for each hour 2 € {1, .. 24}
and each region r € ORREG:

S10SDLy,, |+ Z Z S10SDGy,

beBREGABDL je;}lf}f beBFECNRDG \ kek 195

+ Z Z S10NDL,, ;

beBREGNBDL \ jeypoN

+ Z Z S10NXLy g,
aenfECnpx \jejioN

+ Z Z S10NDG),

beBRECNBDG \ ek iGN

+ Z Z S1ONIG, 4 1

deDRECnDI \kek o

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

i=1.NREG10RVialy,

Z z S10SDL,,; | + Z Z S10SDGy

beBREGnBDL \ jesios beBREGBDG \ kek}t9s

+ Z Z S10NDLy,,,;

beBREGnBDL \ jeioN

+ z z S1ONXLy, 4 ;

depREGnpx \jejtoN

+ Z z S10NDG,

beBREGNBDE \kerpN

+ Z z STONIGy, 4 1

depFECapr \kekp %Y

— Z SXREG10RViol, j;

i=1.NXREG10RViol},

< REGMax10R,,,;
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S10SDLy,; | + Z S10SDGyp x

beBFECNBPL \ jeji%8 beBFECNBDG \ keki%®

+ Z Z S10NDLy,, ;

beBRECBDL \ jesioN

+ Z Z S10NXLy, 4,

deDFECnDx \ jeriol

+ Z S10NDGy .

beBRECNBDE \ kekig

+ Z Z S1ONIG, 4.

deDFECnDI \ kekpoY

+ Z Z S30RDLy,

beBRECNBDL \ je 3R

+ Z Z S30RXLyq

deDFECnDX \ jejiof

+ Z Z S30RDGy p &

beBFECNBDG \ kek} R

+ Z S30RIG 4%
deDfECnpl \kekiof
+ Z SREG30RViol,,; = REGMin30R;,,;

i=1.NrgGzorvioly,
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and

S10SDLy,; | + Z S10SDGr s

beBRECNBDL \ jeji9s beBREGNBDE \ kek)S’

+

S10NDLy,,

beBFECNBDL \ jejioN

S10NXLp 4

deDfECnpx \ jejiol

S10NDGp x

beBRECNBDE \ keki Y

S10ONIGy g1

deDFECnDI \ kek; "

S30RDLy, px

beBRECNBDL \ jejioR

S30RXLy 4

deDfECnpx \ jejiof

S30RDGyp i

beBRECNBDE \ kekjioF

S30RIGy 4

deDFECnDI \ kek} %"

SXREG30RViol, ;

i=1.NxrEczorvioly

REGMax30Ry,,.
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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, SPrelTLViolg;, ;, and post-contingency, SITLViol, ¢, ;,
transmission limit violation variables shall allow the day-ahead market
calculation engine to find a solution.

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

PTECOTLSF;II’D " Iﬂjh_b
beRBNDG DG
- Z PTeCOnSFth’b " Withh,b
peBPRLyBDPLypHDR
- Z VPreConSFy, (., - VWithy

meM

+ Z PreConSF, ;4 - INjy 4

deDI

- Z PreConSF 5 q - Withy 4
dEDX

- Z SPrelTLViol; ) ;

i =1.NpreiTLViol fh
< AdjNormMaxFIowh,f

8.7.3.4 For all hours 4 € {1, .., 24}, contingencies c€ C, and facilities
f€ Fy ., the linearized constraints for violated post-contingency limits
obtained from the security assesment function shall take the form:
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SFherp  INpp — Z SFycrp - Withy,
DEBNDGUBDG bEBPRLUBDLUBHDR

_ Z VSFycrm - VWithy , + Z SFpef.a
meM d€EDI
“Ijpa — Z SFhera- Withy, 4
dEDX

B Z SITLViol.yp ;
i= 1..N1TLviolc,f_h

< 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 A € {1,.., 24} and all constraints z €

ZSC]I:
EnCOEffa’z Z Z SIGh,d,k - Z Z SXL.'I.,d,j
d€DIg REKPEd dEDXq je].’id

Z Z S10NIGp 45 + Z S30RIG 4 |+
€A: EnCoef fg %0 deDlg \kekON kek3OR
e +0.5- (EnCoeff,, +1)| = ha

Z Z STONXLyq; + Z S30RXLyq ;

d€DXa \ jeJp5 JEIRd |
— Z SPreXTLViol,; ; < MaxExtSch,, ,

i=1--NPreXTLviolz h

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

8.7.4.3 Violation variables may be used for both the up and down ramp limits
to allow the day-ahead market calculation engine to find a solution
and for all hours A€ {1, .., 24}:

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

E i E
daebDi kEKh—i,d dEDXJ'th—l,d

- Z SNIDViol,;

i=1.Nnipviol,

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

depI kgf(id deEDX jgjid
<Y Slosss YT St
depI kgK}iLd deDX jgjfi_l‘d
+ ExtUSC, + Z SNIUViol,, ;
1 =1L.Nniuviely,

8.7.5 Penalty Price Variable Bounds

8.7.5.1 Penalty price variables shall be restricted to the ranges determined by
the constraint violation penalty curves for the As-Offered Scheduling
algorithm and for all hours A€ {1, .., 24}:
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0 = SLaVioly,; = QLdViolSchy; foralli € {1,.., Nyayio, 5

0 = SGenViol,; = QGenViolSchy,; foralli € {1,.., Ngenvior, };
0 = S510SVioly, ; = Q10SViolSchy, ; foralli € {1,.., Nyosvion, };
0 = S10RViol; ; = Q10RViolSchy,; foralli € {1,.., Nyorvioy, };
0 = S30RViol, ; = Q30RViolSchy,; foralli € {1,.., N3orvion, };
0 = SREG10RViol, ;,; = QREG10RViolSchy, ; for all » € ORREG,

. B )
i € {1,.., Nrggiorvior, 5

0 < SREG30RViol,,; < QREG30RViolSch,; for all r € ORREG,

. ; .
i € {1,.., Nregsorvio, }5

0 < SXREG10RViol, ,; < QXREG10RViolSch,;  forall r € ORREG,

S, .
i € {1,.., Nxreciorviot, };

0 < SXREG30RViol, ,; < QXREG30RViolSch,;  forall r € ORREG,

S .
i € {1,.., Nxgegaorviot, )3

0 = SPrelTLViolsy; = QPrelTLViolSchy, ; forall f € Fp,

7 f .
i € {L..., Nprerrrvioty , J:

Page 83 of 181 Public IMO_FORM_1087v13.00
REV-21-06



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

0 < SPreXTLViol,p; < QPreXTLViolSch, ; forall z € Zgp,
i € {1,.., NPreXTLWOIZ,n};

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

i€l .., NMaxDeIV[oIh};

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

i € {1 ... Numpewioi}:

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

i € {l,... Nemaxpetviol, >

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

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

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

i € {1,.., Nygeninkvioly}

8.8 Outputs

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

9.1 Purpose

9.1.1

The As-Offered Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, including resource schedules and
commitments produced by the As-Offered Scheduling algorithm, to meet the
IESO’s average province-wide non-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
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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 SDG,A;I%(, which designates the amount of energy that a dispatchable
generation resource 1s scheduled to provide above MinQDG, at bus
be BFLRyY BE in hour A€ {1,.., 24} in association with lamination
k€ Kf b

9.2.1.2 006'}?25 , which designates whether the dispatchable generation

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

9.2.1.3 5‘10500225{, 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€ K}If)bs ;

9.2.14 ﬂONDG‘,;’/Zi(, which designates the amount of non-synchronized fen-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BFXRy B#E in hour h€ {1, .., 24} in

association with lamination k€ K}be ;

9.2.1.5 530RDG‘,;’/Z§(, which designates the amount of thirty-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 lamination k€ K?LOR; and
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9.2.1.6 OHOZ{gS, which designates whether the dispatchable hydroelectric

generation resource at bus b € BF has been scheduled at or above
MinHO,pinhour A€ {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:

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€ B”¢ and hour A€ {1, .., 24} shall be fixed to a
constant value;

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

93.1.4  IHE,;forbus b€ B"E hour h€ {1,.., 24} and start indication value
i € {1,.., NStartMW,} shall not appear in the formulation;

9.3.1.5 SOGenLnkVioly(y, 5,y ;for (by, by) € LNKsuch that by € Bil} and
b, € B hour hE{1,..,24}and i € {1,.., NoGentnkvior,} shall not
appear in the formulation; and

9.3.1.6  SUGenLnkViolyp, 1, for (by,b;) € LNKsuch that by € Bl and
b, € B hour hE{1,..,24}and i € {1,.., NyGentnkvior,} 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:

Z (ObjPRLh + ObjDL;, — ObjHDRy, + ObjVB), + ObjXL,, — OijDGh)

: — 0bjDGy, — ObjVO, — ObjIG, — TBy, — ViolCosty,
h=1,.24
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where:

ObjPRL,, = Z Z SPRLy},; PPRLy);
beBPRL \j ek
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SDLher - PDLher - Z SIGSDLthJ * PiGSDLher -

105

1 EJ JEF
ObjDL, Z Lo b
bLER L Z slﬂNDthbd' b PlGNDLthIj - Z SSDRDLthJ " PSGRDLthJ

jeny j e
Z SHDRthIJ; " PHDRthIj

ObjHDR, = Zn
beB DR\ jepd,
UI}JIVBH = Z Z SVBthIJ;'PVBthJ

wEVE ¢ eliy

SXL-H-.-d.J' * 'PXLh.-d.} - Z SIDNXLH,d,j * PiGNXLh.d.j
i€l el
dEnx - Z 53DRXLthrJ' = PEUHXLhIde

jegpsf

ObjNDG, = ZD
peplDG

Z SDGypp - PDGL e + Z S5105DGy . - P10SDGy . +

Z SNDGhIth " PNDGh,b.I{
kﬂxhlb

KeKE , kex}y’
ObjDG, = Z ' '
baRg [ Z SlﬂNDGthlk " PlDNDGthIk + Z SSGRDGthFk - PEDRDGthIk

etV ke KEST
objvo, = ) Z SVOp s - PV
veVO A\ akp

SIGh.d.k * Pth.d.k + Z Slan‘Gh.d.k * PiGNIGf‘Ld,H

ObilG keK} 4 kel
Jilry
danf + Z 530{{;th_’;{ " P3URIGthJk
rekiof

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 ViolCosty, 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--NREGBORViOIh

- PREG30RViolPrcy,;

+ Z Z SXREG10RViol,., ;

TEORREG i:]---NXREGlORVEOIh

- PXREG10RViolPrcy,

+ Z Z SXREG30RViol, ;

TEORREG i=1--NXREGSORVl'OIh

" PXREG30RViolPrcy ;

+ Z Z SPrelTLViols, ;

FEFn \I =L.Nprerriviols,
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- PPrelTLViolPrce

) > siTiiol,,,

CEC f€Fnc \I=1-Nrrrviol,

. PITLVioIPrCC,f,h,i

+ Z Z SPreXTLViol,

Z€Zsch \1=1.NprexrLviol, )

 PPreXTLViolPrc, ), ;

+ Z SNIUVioly; - PNIUViolPrcy,
i =1.Nnruviely,
+ z SNIDVioly; - PNIDViolPrcy,;.

i=1.Nnipvioly

+ Z Z SMaxDelVioly p, ; - PMaxDelViolPrcy,
beBELR \ i =1.NpMaxDelViol,
+ Z Z SMinDelVioly, ,,; - PMinDelViolPrcy;

beBHE \i=1.NMinpelviol,

+ Z Z SSMaxDelVioly, ;; - PSMaxDelViolPrcy, ;

S€SHE \i =1.NsmaxDelvioly,

+ Z Z SSMinDelVioly, ¢ ; - PSMinDelViolPrc, ;

SESHE \I=1.NsminDelViol),
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9.4 Constraints

9.4.1 The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the
optimization function in the 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 h€{1,.., 24}:

0 <SPRLy;; < QPRLyy, ; forall b € BPRL j € JF 1

0 <SDLyy; < QDLyy,; forall b € BPX,j € Jf

0 < S10SDLpy; < Q10SDLy ; forall b € BPL, j € 1,

0 < S10NDLy;; < Q1ONDLy) ; for all b € B”%, j € J19Y;

0 < S30RDLy;; < Q30RDLy; for all b € BPL, j € J39F;

0 < SHDRy;,; < QHDRy),; forall b € BHPR j e JF

0 <SVBp,,j < QVBy,j forallv € VB, j E]}fp;

0 <SXLpg; < QXLpq, forall d€ DX, j € Jf, 4;

0 < S10NXLy4; < Q1ONXLy ,4; forall de DX, j € J;%;

0 < S30RXLjq; < Q30RXL)4; forall de DX, j € J;%F;

0 < SNDGppx < QNDGyp ke forall b € BYPY, k € K[ );

0 SSVOhpr < QVOp i forall ve VO, k € Kf};

0 <SIGhar < QIGhax forall d€ DI k € Kf; 4;

0 < S10NIGh 4 < Q1ONIG 4, forall de DI k € K;%"; and

0 < S30RIGpqx < Q30RIGhqx for all d€ DI k € K%
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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 2 € {1, .., 24}:

0 <SDGppx < ODGyp - QDG forall b € B, k € K} ;
0 < S10SDGpx < ODGy ), - Q10SDGy )y, forall b € BPY, k € K;195;

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

0 < S30RDGh,b,k < ODGh,b . Q3ORDGh,b,k forallb € BDG, k e K}?’%R

where
ODGp, ), 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.
9.5.3 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.

9.532 In the 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.

9.53.3 For all hours #€ {1, .., 24} and all intertie zone buses scheduled to
import emergency energy that does not support an export d € Dl,’;EMNS :

9.5.4 Operating Reserve Requirements
9.54.1 The constraints in section 8.5.4 shall apply in the As-Offered Pricing
algorithm.
9.55 Pseudo-Units

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

Page 92 of 181 Public IMO_FORM_1087v13.00
REV-21-06



9.5.6

9.5.7

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.

Wheeling Through Transactions

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

9.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

9.6.1

9.6.2

9.6.3

9.6.4
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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 8.6.1.1 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 € B
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Z ODGth ' ManDGb + Z SDGthJk

h=1.24 kEK.Eb

+ Z SMinDelViol, ,,; | = MinDEL,

i=1--NMinDelViolh

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.

9.6.4.3 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum
daily energy limits. Violation variables for scheduling resources above
the maximum daily energy limit may be used to allow the day-ahead
market calculation engine to find a solution. For all sets s € SHE and
all hours He {1, ..,24}:

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

h=1.H \p eBHE keKE),

+ Z 100RConv Z S10SDGy p

b eBHE keKEY

+ Z S1ONDGy

10N

+ 300RConv Z S30RDGy p

30R
k€Ki b

_ Z SSMaxDelVioly g ;

i=1.NsMmaxDelVioly

< 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.
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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
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
9.74.1 The constraints in section 8.7.4 shall apply in the As-Offered Pricing
algorithm.
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9.7.5
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Penalty Price Variable Bounds

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}:

0 < SLdVioly; = QLdViolPrey,;

0 = SGenVioly; < QGenViolPrcy;

0 = S108Violy ; < Q10SViolPrcy ;

0 < S10RViol, ; < Q10RViolPrcy,;

0 < S30RVioly,; < Q30RViolPrcy;

0 = SREG10RViol, ,; = QREG10RViolPrcy ;
NREGlORVioth}Q

0 < SREG30RViol,. ,; = QREG30RViolPrcy;
NREt;aoRVioth}Q

0 = SXREG10RViol, ,; = QXREG10RViolPrcy,;
NXREGlORVioIh};

0 = SXREG30RViol, ,; < QXREG30RViolPrcy,;
NXREGSORViozh}Q

0 < SPrelTlLViol; p; < QPrelTLViolPrcyp;
Nprerriviotsy b5

0 < SITLViol, fp; < QITLViolPrc, gy,

iL.., NITLViozaf,h};

0 < SPreXTLViol,, ; < QPreXTLViolPrc,);
NPTeXTLViolz‘h};

0 = SNIUVioly,; < QNIUViolPrcy,;

0 < SNIDVioly,; < QNIDViolPrcy, ;

0 < SMaxDelViol, ,; < QMaxDelViolPrcy,;
NMaxDelViolh};

0 < SMinDelVioly, ;,; < QMinDelViolPrcy, ;
NMinDelVioI,-,};

0 < SSMaxDelVioly, ;; < QSMaxDelViolPrcy, ;
NSMaxDezViorh}; and

0 < SSMinDelVioly 5; < QSMinDelViolPrcy, ;

NSMinDelViolh}-

Public

foralli € {1, .., Nyapip, s
foralli € {1,.., Ngeupion, }3
foralli € {1, .., Nygspion }s
foralli€ {1,.. 7N1()RViaih};
forall i € {1, .., Naggpios, };

for all ¥ € ORREG,i € {l, ..,
forallr € ORREG,i € {l,..,
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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 € B

ODG,, = ODG,Y®

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 € BFLR if there exists an hour
He{1,..,24} such that:

Z (ODGQQS-MinQDGb+ Z SDG,ﬁgi)

h=1.H kef{f’b

+ 100RConv( Z S10SDG/ %5

105
kEKHb

+ Z S10NDG{%% )

10N
kE€EKg 1,

+ SOORConv( Z 530RDG§3§R) = MaxDEL,

30R
ke,

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

b € BFLR for all hours K€ {1,.., 24}:

Z SDGypp < Z SDGRDS + €
E E
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Z SDGy p + Z S10SDG, 1, + Z S10NDGy,

108 10N

kEKE ), KEK}S: kekpy
h-1
+ Z S30RDG, i sMaxDELb—Z Z SDGAYS
keKROR =1 keKf),

where € is a small positive constant.

9.8.3 Dispatchable Hydroelectric Generation Resources

9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the As-
Offered Scheduling algorithm in section 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 € B :

0DG, ;- MinQDG,, + z SDGypy = MinHO,,, - OHO/'D®

keKf ),
and for all k € Kﬁb:

0 < SDGypy < OHORD® - QDG

9.8.3.2 For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by the
As-Offered Scheduling algorithm in section 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 and all hours A€ {1, .., 24}:
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If 0 < ODGY® - MinQDG), + ZiekE, SDG/O% < StartMWw, ;.
then
0 < 0DG,, - MinQDG,, + SDGppy < StartMW,; — 0.1
kEKY b
If StartMW,,; < ODGj{}® - MinQDGy, + Xy ek, SDGRDS <
StartMW,, ;,4 fori€ {1, .., (NStartMW, — 1)},

then

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

< StaTtMWb,i_'_l —0.1

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

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

9.8.3.3 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 € BE
that MinDFEL, > 0 and

such

Z ODG{9® - MinQDG), + Z SDG/D% | < MinDEL,

h=1.24 kEKEb

the following constraints shall apply for all hours
he{l,..,24} and offer laminations k£ € Kf;b:

SDGp g = SDG,ﬁgi

9.8.34 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 ODG/Y® - MinQDG), + Z SDGYS,
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
He {1,.,24} such that:
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Z Z ODGYS - MinQDG,, + Z SDGYS,
h=1.H \p eplE kEKF, ,

+ Z 100RConv Z S10SDG#HY%

b eBHE KEKESS

+ Z S10NDG#H%S,

10N
k€K D

+ 300RConv Z 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 SDGppr < Z Z SDGRDS. + €,
beBE kekf, beBIE kekf,
Z Z SDG e + Z S10SDGp s + Z S1ONDG 1
beBFE \kekf ), KEKRYS keKAON

+ Z S30RDG), 1

30R
kekp,p

h-1
< MaxSDEL — Z z Z SDG0.
beBHE 1=2 kek}),

where € is a small positive constant.
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9.9

9.8.3.7 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 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
he{l,..,24} and dispatchable hydroelectric generation resource
buses b € B7E such b € {b,, b,} where by € B}lY and b, € B[} for

some (by,b;) € LNK with h+ Lagy, », < 24:

max (0,006,{‘35 - MinQDG,, + Z SDGRYS, — A,AdeinDGh,b>
kekf,

< 0DG9% - MinQDG, + Z SDGy 1

KEKE ),
MinQDG, + Z QDGpr» ODGRYS - MinQDG), + Z SDGEYS. + A,
< min keKE, keKE,
AdeaxDGh,b
Outputs
9.9.1 Outputs for the As-Offered Pricing algorithm include the following:
9.9.1.1 shadow prices;
9.9.1.2 locational marginal prices and their components; and

9.9.1.3 sensitivity factors.

10 Constrained Area Conditions Test

10.1

Purpose

10.1.1 The Constrained Area Conditions Test shall:

10.1.1.1  identify when and where competition is restricted; and

10.1.1.2  determine which resources shall have their financial dispatch data
parameters be subject to the Conduct Test in section 11 and the
thresholds above the reference levels that shall be used in the Conduct
Test.
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10.2 Information, Sets, Indices and Parameters

10.2.1

10.2.2

Page 103 of 181

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.

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

10.2.2.2

10.2.2.3

10.2.2.4

10.2.2.5

10.2.2.6

10.2.2.7

10.2.2.8

10.2.2.9

LMPF, OF which designates the locational marginal price for bus b€ B
inhour h€{1,..,24};

PCon hg" , which designates the congestion component of the
locational marginal price for bus b€ Bin hour h€ {1,.., 24},

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

PExtCon ,L?,P , which designates the intertie congestion component of

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

PintCon b’?f , which designates the internal congestion component of

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

IntLM, ,Lf,”’ , which designates the intertie border price for intertie zone
bus d€ Dinhour h€ {1,..,24};

SPNorm T,fIQP , which designates the shadow price for the pre-

contingency transmission constraint for facility f€ Fin hour
he{l,..,24};

SPEm T}Z?gf, which designates the shadow price for the post-
contingency transmission constraint for facility f€ Fin contingency
c€ C in hour h;

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;
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10.3 Variables

10.3.1
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10.2.2.10

10.2.2.11

10.2.2.12

L30RF, 0P 'which designates the locational marginal price for thirty-
minute operating reserve atbus b € Bin hour h€ {1,.., 24};

L10NH;’1,0P , which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24}; and

L10SH; 0P ' which designates the locational marginal price for

synchronized fen-minute operating reserve at bus b € Bin hour
he{l,..,24}.

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

BCondp“*, which designates the resources in a narrow constrained

area that must be checked for local market power for energy in hour
he{l,..,24};

BCond?“?, which designates the resources in a dynamic constrained
area that must be checked for local market power for energy in hour
he{l,..,24}

BCond?“4, which designates the resources in a broad constrained area

that must be checked for local market power for energy in hour
he{l,..,24};

BCond$M?, which designates the resources that must be checked for
global market power for energy in hour A€ {1, .., 24};

BCond:®S, which designates the resources that must be checked for

local market power for synchronized ten-minute operating reserve in
hour hE€ {1,..,24};

BCond:®", which designates the resources that must be checked for

local market power for non-synchronized ten-minute operating reserve
inhour A€ {1,.., 24};

BCond"%, which designates the resources that must be checked for

local market power for thirty-minute operating reserve in hour
he{l,..,24};
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103.1.8  BCondi™™%  which designates the resources that must be checked
for global market power for synchronized ten-minute operating
reserve in hour h€ {1, .., 24};

103.1.9  BCondi™™V | which designates the resources that must be checked
for global market power for non-synchronized ten-minute operating
reserve in hour A€ {1,..,24}; and

103.1.10 BCondi™°F  which designates the resources that must be checked

for global market power for thirty minute operating reserve in hour
he{l,..,24}.

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  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 For each n€ NCA and hour & € {1, .., 24}: For each transmission
facility that transmits flow into n, f€ FY4, check if
SPNorm 7};"})’) # 0 or SPEm h’gfqt 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)“4; and

10.4.1.1.2 For each d€ DCA and hour / € {1, .., 24}: For each transmission
facility that transmits flow into d, f€ FI4, check if
SPNormT,f?P # 0 or SPEm T,’;’lgf # 0 for the inbound flow limit,
the day-ahead market calculation engine will place d in the set
DCA),"and assign the resources in d to the set BCond?““.

10.4.1.2  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 NCA, designates the narrow constrained areas that qualify for
market power mitigation for energy in hour 4 € {1, .., 24}; and
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10.4.2

10.4.1.2.2 DCAj,"designates the dynamic constrained areas that qualify for

market power mitigation for energy in hour h € {1,..,24}.

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¢ such that b & BCond)“u
BCond“, if PCon ,,gf’ > BCACondThresh, the day-ahead market

calculation engine will place resource b in the set BConds““.

10.5 Constrained Area Conditions Test for Global Market
Power (Energy)

10.5.1

Page 106 of 181

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

10.5.1.2

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 €
DGMPRef  corresponding to the boundary entity resource bus for the
global market power reference intertie zone; and

at least one of the following conditions is met:

10.5.1.2.1 import congestion, represented by a negative infertie congestion

component, is present on all of the global market power reference
interties, indicated in hour h € {1, .., 24} by: PExtCong{9" <0
for bids and offers, d € DFMPReS  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 4 € {1, .., 24} by:
SPNIUExtBwd T # 0.
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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 2 € {1, .., 24}, place all
b € B"C in the set BCondi™”, unless they are excluded because_ one of the
following two conditions:

10.5.2.1  the resources in any zone have congestion components at least
$1/MWh below the internal congestion component at all of the global
market power reference intertie zones:

10.5.2.1.1 if PCongp’ < PIntCongp” — $1/MWh where d € DEMPReS ig
true for all global market power reference intertie zones; or

10.5.2.2  the resources cannot meet the incremental load because a binding
transmission constraint:

for-each-hourf-€ {124} place-all-b € B2 in the set BLond: unless-a
. Ladeod £ ¢ e followd ions:

10.5.2.2.1 ifresources can not meet incremental load because of any binding
transmission facility wherethattransmitsHow,

SPNormT; ¥ # 0 or SPEmT}Of # 0.8:-e¢

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 1s located in a region with a binding
maximum constraint and for each resource b € BP¢ U BPL and hour

hefl,.., 24k

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};%5, BCond}°N ,or BCond;°%; and
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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};%5, BCond}°N ,or BCond;°%; 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 #fwhere 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 B”F and hour h€ {1, .., 24}:

10.7.2.1  if LI0OSP{Y" > ORGCondThresh, the pre-dispatchday-ahead market
calculation engine shall add resource b to BCond{MP105;

10.7.2.2 if L10NP£,D P> ORGCondThresh, the pre-dispatehday-ahead market
dGMPLON,

calculation engine shall add resource b to BCon and

107.2.3  if LBORPPP > ORGCondThresh, the pre-dispatehday-ahead market
calculation engine shall add resource b to BCond&MP30R,

10.7.3 If b is in a region with a binding maximum constraint, then b shall be exempt
from the Conduct Test.

10.7.3.1  If a 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.

10.8 Outputs

10.8.1 Outputs of the Constrained Area Conditions Test include the list of resources
that will be subject to the Conduct Test in section 11 and the thresholds that
will be used in the Conduct Test for those resources.
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11 Conduct Test

11.1 Purpose

11.1.1 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.

11.2 Information, Sets, Indices and Parameters

11.2.1 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.

11.3 Variables

11.3.1 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:

113.1.1.1 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 A€ {1, .., 24};

113.1.1.3 BCTP 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};

113.1.1.4 BCTMP 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};
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11.3.1.1.5 BCTPRL 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

113.1.1.6 BCTPRC 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};

11.3.1.2  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
BCTF y BCTEM? in hour h, and may include the following
dispatch data parameters:

11.3.1.2.1.1  EnergyOffer, designates the non-zero quantity of energy
above the minimum loading point in association with offer
lamination kK € K,‘f , 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 kK € Kf,EMLP 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 € BCTR: U
BCTPR in hour h, and may include the following dispatch data
parameters:

11.3.1.2.3.1  OR10SOffer; designates the non-zero quantity of
synchronized ten-minute operating reserve in association
with offer lamination k€ K}fbs failed the Conduct Test;
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11.3.1.2.3.2

11.3.1.2.3.3

OR10 NOfter;, designates the non-zero quantity of non-
synchronized ten-minute operating reserve in association
with offer lamination kK € K}If)b’v failed the Conduct Test;

OR30 ROffer; designates the non-zero quantity of thirty-
minute operating reserve in association with offer
lamination kK € K?,f)bR 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

11.3.1.2.4.2

11.3.1.2.4.3

SUOffer designates the start-up offer failed the Conduct
Test;

SNLOffer designates the speed no-load offer failed the
Conduct Test; and

EnergyToMLP, designates the non-zero quantity of energy
up to the minimum loading point in association with offer
lamination k € K7, , failed the Conduct Test.

11.4 Conduct Test for Energy

11.4.1 The day-ahead market calculation engine shall perform the Conduct Test for
energy for 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)*, the day-ahead market
calculation engine shall:

11.4.1.1  Evaluate offers for energy above the minimum loading point: For all
k€ K, if PDGy,,, > CTEnMinOffer and
PDGy, > min(PDGRefy ), *(1 + CTEnThresh1V4),
PDGRef, .+ CTEnThresh2V*), 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 BCT)'“4 and add
EnergyOffer; to PARAME}, p;
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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 PLTMLP, },; > CTEnMinOffer and
PLTMLBE, . > min(PLTMLPRef;,, ,* (1+ CTEnThresh1 V%),
PLTMLPRef;, ;- + CTEnThresh2V?), where k'€ K}, then the
Conduct Test was failed for the resource at bus b and the day-ahead

market calculation engine shall assign the resource to subset BCT}'“4
and add EnergyToMLPE, to PARAME}, ,, and PARAMOR,, ;

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}'“*
and add SUOfferto PARAME},;, and PARAMOR)}, ;,; and

11.4.1.4  Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNL;, ,> SNLRef;, ,*(1 +
CTSNL Thresh™“?), 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 SNLOfferto 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,“4 or BCond5“*, as
the case may be, in place of BCond}“4 and using the applicable Conduct Test
thresholds CTEnThresh1P°“, CTEnThresh2?“A, CTEnThresh15¢4,
CTEnThresh2P4 CTSUThresh®“A CTSUThresh®“4, CTSNL ThreshP‘4,
CTSNLThresh®‘4 1f any of the financial dispatch data parameters of a
resource fail the Conduct Test, the resource shall be assigned to subset

BCTP“Y or BCTP“Y, as the case may be.
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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$M? in place of BCond)“” and the applicable global market power
Conduct Test thresholds CTEnThreshl“MF, CTEnThresh2 M7,
CTSUThresh®™P CTSNLThresh“™?. 1f any of the applicable financial
dispatch data parameters of a resource fails the Conduct Test, the resource
shall be assigned to subset BCTMP .

11.4.4 If a resource is assigned to more than one of the sets, BCondf,VCA, BCondECA,

BCond?“*, and BCond$M”, only the Conduct Test with the most restrictive
threshold levels shall be performed for that resource.

11.5 Conduct Test for Operating Reserve

11.5.1 The 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
h€{1,..,24} and b€ BCond:** U BCond\"" U BCond3°X, the day-ahead
market calculation engine shall:

11.5.1.1  Evaluate offers for operating reserve as follows:

11.5.1.1.1 for all k€ K33 if PLOSDG,,,> CTORMinOffer and
P10SDGy, ) > min(PLOSDGRef, -+ (1 +
CTORThresh1°RE), PLOSDGRef,, ;, + CTORThresh? ORL), where
k'e K ,;1/25 , 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 OR10SOffer;, to PARAMOR,, ;

11.5.1.12 forall k€ K} if PLONDG},;,, > CTORMinOfferand
PLONDG,,;,; > min (PLONDGRef;, , ;*(1 + CTORThresh1 %),
PLONDGRef;, - + CTORThresh2RE) , where k' € KV, 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 BCTPRY and add OR10NOffer; to PARAMOR), ;; and
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11.5.1.1.3 forall k € KZ9® if PZORDGp, > CTORMinOf fer and
P30RDGy p x > min(P30RDGRefy p e * (1 +
CTORThresh1°RY), P3ORDGRefy p, i + CTORT hresh29RE),
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 BCTYR" and add OR30 ROffer;,
to PARAMOR, 5,

11.5.1.1.4 forall j€ /3 if PLOSDLy,;,;> CTORMinOffer and
P10SDLy,;,; > min (PLOSDLRefy;,* (1 + CTORThresh1%%),
P10SDLRef, ;, -+ CTORThresh29R) , where j' € /5%, 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 BCTY®: and add OR10SO0ffer; to PARAMOR,, ;;

11.5.1.1.5 forall je 3" if PLONDLy, ;> CTORMinOfferand
PLONDGy,,; > min (P1ONDLRef, , ;*(1 + CTORThresh1 %),
PLONDLRefy,, + CTORThresh2%%") , where j'€ J;3", 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 BCTY®" and add OR10NOffer; to PARAMOR,, ; and

11.5.1.1.6 forall je ¥ if PBORDL),;;> CTORMinOfferand
P30RDLy,,; > min (P30RDLRef; ;, *(1 + CTORThresh1 R,
P30RDLRef, ), + CTORThresh2°%), where j' € J; ), then the

Conduct Test was failed for the dispatchable load at bus b and the
day-ahead market calculation engine shall assign the resource to
subset BCTPR: and add OR30ROf fer;, to PARAMORy, 1;

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 SUDGy, ;, >
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 BCTYR" and add SUOffer to
PARAMOR}, ;, and PARAME}, p,;

Page 114 of 181 Public IMO_FORM_1087v13.00
REV-21-06



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 +
CTSNL Thresh®Fh), then the Conduct Test was failed for the resource
at bus b and the day-ahead market calculation engine shall assign the
resource to subset BCTPR" and add SNLOfferto PARAMOR,, ;, and
PARAME}, ;; and

11.5.1.4  Evaluate offers for energy for the range of production up to the
minimum loading point: For all hours prior to and including the hour
that meets the conditions test, for all kEKL,IEMLP , if
PLTMLP, ;> CTEnMinOffer and
PLTMLB, ;. > min(PLTMLPRef;,,*(1 + CTEnThresh1 %Y,
PLTMLPRef;,;,;+ CTEnThresh29R), where k'€ K[, then the
Conduct Test was failed for the resource at bus b and the day-ahead

market calculation engine shall assign the resource to subset BCT{ -
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 section 11.5.1 using resources in BCond,fMPmS,
BCond$MP1ON and BCondiM°R in place of BCond)’®, BCond.\ ", and
BCond3**, respectively, and the applicable Conduct Test thresholds
CTORThresh1°R¢, CTORThresh29R¢, CTSUThresh®R¢, CTSNL Thresh®F¢,
CTEnThresh19R¢, CTEnThresh29R¢. The resources shall be assigned to the
subset BCTYRC,

11.5.3 If a resource is assigned to more than one of BCondi™™°5, BCond3M" 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 A€ {1, .., 24}:

11.6.1.1 The set of resources that failed the Conduct Test for at least one
financial dispatch data parameter by condition type;

11.6.1.2  The financial dispatch data parameters that failed the Conduct Test
for the resource at bus b; and
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11.6.2

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.

The day-ahead market calculation engine shall not replace the financial
dispatch data parameter for a resource with that resource’s applicable
reference level value if the financial dispatch data parameter is less than the
corresponding reference level value.

12 Reference Level Scheduling

12.1 Purpose

12.1.1

12.1.2

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 IESO’s average province-wide non-dispatchable demand forecast and
IESO-specified operating reserve requirements for each hour of the next
dispatch day.

12.2 Information, Sets, Indices and Parameters
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12.2.1

12.2.2

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.

12.3  Variables and Objective Function

12.3.1

12.3.2

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.

124 Constraints

12.4.1

The constraints in sections 8.4 through 8.7 apply in the Reference Level
Scheduling algorithm, except that the sensitivities and limits considered for
IESO internal transmission limits shall be those provided by the most recent
security assessment function iteration of the Reference Level Scheduling
algorithm.

12.5 Outputs
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12.5.1 Outputs of the Reference Level Scheduling algorithm include resource
schedules and commitments.

13 Reference Level Pricing

13.1 Purpose

13.1.1 The day-ahead market calculation engine shall perform the Reference Level
Pricing algorithm whenever the Reference Level Scheduling algorithm has
been performed.

13.1.2 The Reference Level Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, reference level values for
resources subject to section 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 /ESO-specified
operating reserve requirements for each hour of the next dispatch day.

13.2 Information, Sets, Indices and Parameters

13.2.1 Information, sets, indices and parameters used by the Reference Level Pricing
algorithm are described in sections 3 and 4. In addition, the following
resource schedule and commitments from the Reference Level Scheduling
algorithm shall be used by the Reference Level Pricing algorithm:

13.2.1.1 SDG,’%’S]{, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus
b e BFLR Y BHE in hour h € {1,.., 24} in association with lamination
k€ Ky,

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€ {1,..,24};

132.13  S10SDGFE,, 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 lamination kK € K}If)bs ;
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13.2.1.4

13.2.1.5

13.2.2

13.2.1.6

S10NDGFE5,, which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BF8 U BE in hour h€ {1, .., 24} in
association with lamination k€ K..";

.SBORDG,%% which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BELR U BE in hour A€ {1,.., 24} in association
with lamination k€ K;?’LOR; and

OHO,%S, which designates whether the dispatchable hydroelectric

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

The Reference Level Pricing algorithm shall use a resource’s reference level
value for any financial dispatch data parameters submitted by registered
market participants that failed the Conduct Test.

13.3  Variables and Objective Function

13.3.1

13.3.2

The day-ahead market calculation engine shall solve for the variables set out
in section 9.3.1.

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
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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

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
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13.4.1.3  for the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Reference Level Scheduling algorithm as follows:

13.4.1.3.1 SDG}‘;’Z’; shall be replaced by SDG,%,SI( forall he{1,..,24}, b€
BELRy B k€ Kj ;

13.4.1.3.2 ODGZ{gS shall be replaced by ODGﬁff forall he{1,..,24}, b€
BDG;

13.4.1.33 5105002}135( shall be replaced by 5'10506',%/5}( for all
he{l,..,24}, be BRu B"E ke K},

13.4.1.3.4 .S'lONDG",;{Zi shall be replaced by S‘lONDGﬁ’Sk for all
he{l,..,24}, be BRu B ke K},

13.4.1.3.5 .SBORDGZ{ZSI( shall be replaced by SBORDG%IS,( for all
he{l,..,24}, be B R u B ke K;)F; and

13.4.1.3.6 OHO%S shall be replaced by OHOI%S forall he {1,..,24},b €
BHE.

13.5 Outputs

13.5.1 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.
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14 Price Impact Test

14.1 Purpose

14.1.1 The day-ahead market calculation engine shall perform the Price Impact Test
whenever at least one financial dispatch data parameter for a resource failed
the Conduct Test.

14.1.2 The Price Impact Test shall:

14.1.2.1

14.1.2.2

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

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.

14.2 Information, Sets, Indices and Parameters

14.2.1 Information, sets, indices and parameters for the Price Impact Test are
described in sections 3 and 4. In addition, the following locational marginal
prices from the As-Offered Pricing algorithm and the Reference Level Pricing
algorithm shall be used by the Price Impact Test:

14.2.1.1

14.2.1.2

142.1.3

14.2.1.4
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LM P,{}{,’P , which designates the locational marginal price for energy at
bus b € Bin hour A€ {1, .., 24} from the As-Offered Pricing
algorithm;

L30RE OF which designates the locational marginal price for thirty-

minute operating reserve at bus b€ Bin hour h€ {1, .., 24} from the
As-Offered Pricing algorithm;

L10NF, 0P which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the As-Offered Pricing algorithm;

L10SH; 0P 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;
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14.3 Variables

14.3.1
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14.2.1.5

14.2.1.6

14.2.1.7

14.2.1.8

LMP; LP which designates the locational marginal price for energy at

bus b€ Bin hour 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 h€ {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. ,,,ép , which designates the locational marginal price for
synchronized fen-minute operating reserve at bus b € Bin hour
he{l,.., 24} from the Reference Level Pricing algorithm.

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

A set of resources that failed the Price Impact Test for each condition
for all hours A€ {1, .., 24}, where:

14.3.1.1.1  BIT)'“* designates the resources in a narrow constrained area that

failed the Price Impact Test for the locational marginal price for
energy;

143.1.12  BITP“! designates the resources in a dynamic constrained area

that failed the Price Impact Test for the locational marginal price
for energy;

143.1.1.3 BITP! designates the resources in a broad constrained area that

failed the Price Impact Test for the locational marginal price for
energy;

143.1.1.4 BIT{M? designates the resources that failed the global market

power (energy) Price Impact Test for the locational marginal price
for energy;

143.1.1.5 BITPR" 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;
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143.1.1.6  BITPRC 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

143.1.1.7 LMPIT, ;, designates the locational marginal price that failed the
Price Impact Test for bus b € BITY“A U BITP“A U BITF“4 U
BITFMP g BIT?RE U BITPRC in hour h; and

143.1.2  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:

14.4.1.1  For local market power for energy:

14.4.1.1.1 Foreachhour/ € {1,..,24} and bE BCT};VCA, if
LMPY" > min(LMPS™ (1+ ITThresh1 V%), LMBY" +
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 BIT)'“? and add EnergyLMPto LMPI Th b
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14.41.1.2 Foreachhour 2 € {1,..,24} and b€ BCTP“, if

14.4.1.1.3

LMPBY" > min(LMBY™ (1+ ITThresh1P4),
LM}%%P +ITThresh2P¢Y), the Price Impact Test was failed by the
resource at bus b and the day-ahead market calculation engine

shall assign the resource to subset BIT?“Y and add EnergyLMPto
LMPIT}, p; and

For each hour 4 € {1, ..,24} and b€ BCT?*, if

LMPY" > min(LMBY™ (1+ITThresh174),

LM}%%P +ITThresh25Y), the Price Impact Test was failed by the
resource at bus b and the day-ahead market calculation engine

shall assign the resource to subset BIT?“ and add EnergyLMPto
LMPIT,, .

14.4.1.2  For global market power for energy:

14.4.1.2.1

Foreach hour 2 € {1,..,24} and b€ BCT,IGMP, if

LMPYP > min(LMBS™ (14 ITThresh1“MP),

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 BITE™F and add EnergyLMPto
LMPITy, .

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  For local market power for operating reserve, for each hour
h€{1,..,24} and b€ BCTPRE:

14.5.1.1.1

14.5.1.1.2
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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 calculation

engine shall assign the resource to subset B/ T,IORL and add
OR30RLMPto LMPIT}, p;

If LZ10N. ,I,bOP > L10N, ,Llfp , 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}, p; and
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14.5.1.1.3

If L10SA Y > L10SPY, 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 BITYRE and add OR10SLMPto
LMPIT, .

14.5.1.2  For global market power for operating reserve, for each hour
h€{1,..,24} and b€ BCTPRE:

14.5.1.2.1

14.5.1.2.2

14.5.1.2.3

If L30RB)Y” > min(L30RBE ™ (1+ ITThresh1%F%),
L30RBY + ITThresh2RC), 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 BITY*" and add
OR30RLMPto LMPIT p;

If LLIONBY"> min(L10 NBY ™ (1+ ITThresh1 %F%),
L1ONFP+ ITThresh297%), 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 OR10NLMPto LMPIT}, »; and

If L10SP 27 > min(L10SP (14 ITThresh1 9RC),
L10SPY + ITThresh2 9RC), then the Price Impact Test was failed
by the resource at bus b and the day-ahead market calculation

engine shall assign the resource BITYR¢ and add OR10SLMP to
LMPIT .

14.6 Revised Financial Dispatch Data Parameter Determination

14.6.1
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A resource that fails the Price Impact Test shall have its financial dispatch
data parameters revised as follows:

14.6.1.1

14.6.1.2

If the resource has failed a Price Impact Test for energy and is in
BITY A, BITPA, BITPA, or BIT?MP, the dispatch data parameters in
PARAME}, ;, shall be used to determine the dispatch data parameters
that shall be replaced.

If the resource has failed a Price Impact Test for operating reserve and

isin B/ T,IORL or BI T],ORG, the dispatch data parameters in PARAMOR, ,
shall be used to determine the dispatch data parameters that shall be
replaced.
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14.6.1.3  If a non-quick-start resource has failed a Price Impact Test in any
hour, the commitment cost parameters that failed the corresponding
Conduct Test shall be replaced with the resource’s applicable
reference level value for that hour. For any hours prior, any
commitment cost parameters for that resource that failed the Conduct
Test shall be replaced with the resource’s applicable reference level
values in those hours. This is expressed as:

14.6.1.3.1 For each hour 4 € {1, .., 24} and all b€ BY% such that b€
BIT4 u BITP“4 U BITF“ U BITFMP, for hours prior to and
including the hour that failed the Price Impact Test, H€ {1, .. A},
if b€ BCTH“ U BCTH U BCTEY U BCTEM and PARAME,;),
contains any of the commitment cost parameters SUOffer,
SNLOffer, or EnergyToMLPF,, these parameters shall be replaced
with reference levels.

14.6.1.4  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 PARAMEY; .

14.6.1.5  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}:

14.6.1.5.1.1  if BITy“? includes one or more resource in a narrow
constrained area, n, each resource b € BC T,Ilv CA for the
narrow constrained area, n, shall have the parameters in
PARAME}, j, replaced with its reference level values; and

14.6.1.5.1.2  if BIT?“Y includes one or more resources in a dynamic
constrained area, d, each resource b€ BC T,? €A for
dynamic constrained area, d, shall have the parameters in
PARAME, ,, replaced with its reference level values.
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14.6.1.6

If a non-quick-start resource in a narrow constrained area or a
dynamic constrained area has failed a Price Impact Test, each non-
quick start resource in the narrow constrained area or dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that 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€ BCT)N¢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

14.6.1.7

Impact Test for a dynamic constrained area, for all b€ BCTP¢4, if
PARAME}, ;, contains any of the commitment cost parameters
SUOfter, SNLOffer, or EnergyToMLP,, replace these parameters
with reference level values.

If a resource fails the local market power for operating reserve Price
Impact Test, all resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test for at least one parameter shall have the
parameter that failed the Conduct Test replaced with the resource’s
applicable reference level value for that hour. This is expressed as:

14.6.1.7.1 For each hour A€ {1,.., 24}, if BITPR includes one or more

TORL

resources in operating reserve region, r, all resources, b € BIT),

for operating reserve region, r, shall have the parameters in
PARAMOR,, ; replaced with reference level values.
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14.6.1.8  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, 1,5 CONtains any
of the commitment cost parameters SUOffer, SNLOffer, or

EnergyToMLP,, replace these parameters with reference level
values.

14.7 Outputs

14.7.1 The day-ahead market calculation engine shall prepare the following outputs
for each hour € {1, .., 24}:

14.7.1.1  The set of resources that failed the Price Impact Test, by condition, in
accordance to sections 14.4 and 14.5;

14.7.1.2  The locational marginal prices for energy and operating reserve that
failed the Price Impact Test for each resource at bus b in accordince to
sections 14.4 and 14.5; and

14.7.1.3 A 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.

14.7.2 The day-ahead market calculation engine shall not replace financial dispatch
data parameters for a resource with that resource’s applicable reference level
value if the dispatch data is less than the reference level value.

15 Mitigated Scheduling

15.1 Purpose
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15.1.1

15.1.2

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.

15.2 Information, Sets, Indices and Parameters

15.2.1

15.2.2

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.

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

15.3.2

The day-ahead market calculation engine shall solve for the variables set out
in section 8.3.1.

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
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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 IESO-specified operating reserve
requirements for each hour of the next dispatch day.
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16.2 Information, Sets, Indices and Parameters

16.2.1 Information, sets, indices and parameters used by the Mitigated Pricing
algorithm are described in sections 3 and 4. In addition, the following
resource schedules and commitments from the Mitigated Scheduling
algorithm shall be used by the Mitigated Pricing algorithm:

16.2.1.1

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
be BFRy BE in hour h€ {1, .., 24} in association with lamination
k€ K

ODGZ[I{ designates whether a dispatchable generation resource at bus

b € B¢ was scheduled at or above its minimum loading point in hour
hefl,.., 24

5'10506’2’4;5’ , designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € BFR U BE in hour A€ {1, .., 24} in association

with lamination k€ K}If)bs ;

.S'lONDGﬁIV,[,i « designates the amount of non-synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € B8y BE in hour A€ {1, .., 24} in association
with lamination k€ K}If)bN ;

530RDG§£ i, designates the amount of thirty-minute operating reserve
that a dispatchable generation resource is scheduled to provide at bus
b€ BFLRY BHE in hour A€ {1, .., 24} in association with lamination
ke hf)bR; and

OHOZI;Z designates whether a dispatchable hydroelectric generation
resource at bus b € B has been scheduled at or above MinH0,,, in
hour he {1,..,24}.

16.2.2 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.

16.3  Variables and Objective Function
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16.3.1

16.3.2

16.4 Constraints

16.4.1
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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.

The constraints that apply in the Mitigated Pricing algorithm shall be the same
as the constraints in sections 9.4 through 9.8, with the following exceptions:

16.4.1.1  The marginal loss factors used in the energy balance constraint in
section 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.

16.4.1.2  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.

16.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Mitigated Scheduling algorithm as follows:

16.4.1.3.1

16.4.1.3.2

16.4.1.3.3

16.4.1.3.4

16.4.1.3.5

16.4.1.3.6

SDGyyc shall be replaced by SDGyy  forall h€ {1,..,24}, bE
BRy B, ke KE ,;

ODG,?° shall be replaced by ODGy forall A€ {1,..,24}, b€
BDG.

9

.S‘lOSDGﬁgf( shall be replaced by S‘IOSDG%;E i for all
hefl,..,24}, be B*Ry B, ke K%,

.S'lONDGf;,gf( shall be replaced by S‘IONDG,’% i for all
hefl,..,24}, be B Ry B ke K\,

.SBORDGﬁgf,; shall be replaced by 5301200,”,{5 i for all
he{l,..,24}, be BRy BHE ke K30F; and

OHO;% shall be replaced by OHO}S forall hE€ {1,..,24}, b€
B
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16.5 Outputs

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.

17 Pass 2: Reliability Scheduling and
Commitment

171 Purpose

17.1.1 Pass 2 shall use market participant and IESO inputs along with resource and
system constraints to determine a set of resource schedules and commitments.
Pass 2 shall consist of the Reliability Scheduling algorithm described in
section 18.

18 Reliabilty Scheduling

18.1 Purpose

18.1.1 The Reliability Scheduling algorithm shall use dispatch data submitted by
registered market participants and perform a security-constrained unit
commitment and economic dispatch to meet the /ESO’s peak province-wide
non-dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next day to minimize the cost of additional
commitments.

18.2 Information, Sets, Indices and Parameters

18.2.1 Information sets, indices and parameters used by the Reliability Scheduling
algorithm are described in sections 3 and 4. The Reliability Scheduling
algorithm shall also use the following:

18.2.1.1  resource schedules, commitments, and locational marginal prices
from Pass 1, where:

18.2.1.1.1 .S'XL%,’ 4, designates the amount of energy that a boundary entity
resource 1s scheduled to export at intertie zone bus d € DX in hour
he{l,..,24} in association with lamination j € /,’;F, &
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18.2.1.1.2

18.2.1.1.3

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

SDG},’ bk designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG), at
bus b € BFRy BHE in hour A€ {1, .., 24} in association with
lamination k € Kf b

ODG}L ,, designates whether a dispatchable generation resource at

bus b € B¢ was scheduled at or above its minimum loading point
inhour K€ {1,..,24};

5'105DG,1L b designates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus b€ BFRy B#E in hour K€ {1,.., 24}
in association with lamination kA € K}If)bs ;

.S‘lONDG}L bk designates the amount of non-synchronized zen-
minute operating reserve that a dispatchable generation resource
is scheduled to provide at bus b € 5% U B in hour

he{l,..,24} in association with lamination X € K}I,ObN ;

.SBORDG}L 5k designates the amount of thirty-minute operating

reserve that a qualified dispatchable generation resource is
scheduled to provide at bus b€ BZRy B in hour h€ {1, .., 24}
in association with lamination k€ K3,

.S']G'}Ld, « 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 X € K,b; 4 and

LM}}}, , designates the locational marginal price in hour
he{l,..,24} atbus b€ BFRy BHE; and

18.2.1.2  the buses identifying either single energy limited resources or multiple
dispatchable hydroelectric generation resources with a registered
forebay, and the subset of resources with a binding maximum daily
energy limit constraint from Pass 1:

18.2.1.2.1

BYM= BELR y { BE for all s € SHE} designates the set of buses
identifying either energy limited resources or dispatchable
hydroelectric generation resources sharing a maximum daily
energy limit; and
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18.2.1.22 B°MP c B'M 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
SDG}, 110 SLOSDG}, 1,1, SLONDG}, 1, and S30RDG,

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
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PRucDL,, ;,; designates the energy price for incremental energy
consumption in hour A € {1, .., 24} at dispatchable load bus b € B"*
in association with bid lamination j € /f, »» Where:

PRucDLy,, ;= min(n,PDLy}, );

PRuc10SDLy , ; designates the price of being scheduled to provide
synchronized fen-minute operating reserve in hour h€ {1, .., 24} at

dispatchable load bus b € BPL in association with offer lamination j €

/},}%5, where:

PRucl0SDLy,,; = min(n,PLOSDLy,; );

PRucl0NDLy ,; designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour h€ {1, .., 24}
at dispatchable load bus b € B! in association with offer lamination
JE /}11,0bN , 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 € /,31/01,’?, where:

PRuc30RDLy,;, ; = min(n, P30RDLy ), );
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18.2.4
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18.2.3.5

18.2.3.6

18.2.3.7

18.2.3.8

18.2.3.9

PRucNDG} , ; designates the energy price for incremental generation
in hour A € {1, .., 24} at non-dispatchable generation resource bus
b € BNP¢ in association with offer lamination & € K, ,, where:

PRucNDGy, ., = min(n, PNDGy, 1),

PRucDGy, , ; designates the energy price for incremental generation in
hour h € {1,.., 24} at dispatchable generation resource bus b € BPG
in association with offer lamination k € K, ,, where:

PRUCDG]Lb’k = min(n, PDGIz,b,k);

PRuc105DGy, , ; designates the price of being scheduled to provide
synchronized fen-minute operating reserve in hour h€ {1, .., 24} at
dispatchable generation resource bus b € BP“ in association with offer

lamination kK € K},f’bs , where:

PRuc10SDG}, . = min(n, PLOSDG),,;,1);

PRuclONDG},;, ; 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 € B¢ in association with

offer lamination k € K}be , where:

PRLIC].ONDG]Lb’k = min(n, PlONDGth’k);

PRuc30RDG}, ;,  designates the price of being scheduled to provide
thirty-minute operating reserve in hour h € {1, .., 24} at dispatchable

generation bus b € B in association with offer lamination k€ bf)b"’,

where:

PRuc30RDG}, ,;, =min(n, PSORDG),p);
where:
n = $0.10/MWh;

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

Q1DG, 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 € K,’f » and corresponding to the Pass 1 scheduled
portion of the lamination, where:

Public IMO_FORM_1087v13.00
REV-21-06



18.2.4.2

18243

18.2.4.4

QLDGy = SDGy 1

P1DGy, p, i 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,"j , and corresponding to the
Pass 1 scheduled portion of the lamination, where:

PLDGy, 5= min(PDGy, ., — LMP,);

Q2 DGy, i designates an incremental quantity of energy that a resource
may be scheduled to provide in hour 4 € {1, .., 24} in association with
offer lamination k € Kf ;, and corresponding to the Pass 1 unscheduled
portion of the lamination, where:

@2DGyp = QDGyyi — SDG, 4 and

P2DGy, 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, PDGyy, . — LMP;, ;) if b € BBND

P2DG = .
h.bjk {min(n, PDGyy 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
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The day-ahead market calculation engine shall remove the variables
for price responsive loads (SPRLy, ), virtual transaction bids
(PVBy,y,j» QVBy,,, ), and virtual transaction offers (PVOy, 1, QVOy ., 1)
from the objective function;

The day-ahead market calculation engine shall add the following
variables to the objective function:
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18.3.3
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18.3.2.2.1

18.3.2.2.2

S1DGy ,  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

S2 DGy, p, i 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 unscheduled portion of the lamination;

18.3.2.3  The objective function coefficients for dispatchable loads, non-
dispatchable generation resources and dispatchable generation
resources shall be modified to reflect the price of incremental energy
from such resources as specified in section 18.2.3; and

18.3.2.4  The objective function coefficients for single energy limited resources
and multiple dispatchable hydroelectric generation resources with a
registered forebay shall be modified to reflect the pricing of the Pass 1
scheduled and unscheduled portions as specified in section 18.2.4.

The objective function for the Reliability Scheduling algorithm shall minimize
the cost of additional commitments by maximizing the following expression:

Z (ObjDLh — ObjHDR), + ObjXL,, — OijDGh)

— 0bjDG, — ObjIG, — TB,, — ViolCost,

h=1,,24

where:
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0bjDL),
Z SDLh,b,j ' PRuCDLh'bJ - Z S].OSDLh’bJ' ' PRuClOSDLh’bJ -

_ i€k jeny
bepDL Z SlONDLth,]' " PRHClONDLh,b’j - Z S30RDLh,b,j - PRHCBORDL;l’bU,'
Jeng JELY

ObjHDR,, = z z SHDR,,, ;- PHDR,,, ;

beBHDR \ j c/E,
Z SXLh,d,j - PXLh,d,j - Z SlONXLh'd'}' * PlONXLh‘d,j
objxt, = 3 |1
h =
deEDX - Z S3ORXLh,d,j 'P3ORXLh,d,j
€y

ObJNDGh = z z SNDGh,b,k . PRuCNDGh,ka

NDG E
beB keky

0bjDG,

= Z Z SDGh,b,k ' PRuCDGth,k

bEBDG, bQBLIM kEKFEL:b

+ Z Z (SlDGh’b,k ' PlDGh’b,k + SZDGh,b’k " PZDGh,b,k)

LIM E
beg kEKE 1y

SiOSDG}l'b‘k ' PRuClOSDGh,b'k +

4 keK]YS
bEBDG Z SlONDGh,b’k - PRuClUNDGh'b'k + Z S30RDGh,b,k * PRuC30RDGth’k
kek N keRR
+ Z (0DG,), - MGODG,,), + IDGy ), - SUDG,), )
bepNQs
Z SIGhar - PlGrax + Z S1ONIGpy - PLONIGy 4 4
k KE k KIDN
0bjlG, = Z €K g €Kp,d
debI + Z SBORJGh,d'k * PBOR[Gh,d'k
keKROR
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.
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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.

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, ). That is:

AdjMaxDG,, = {T,,«ffféxf o) i;iefw‘i:
and

AdjMinDGy;, = min(MinDGy,, AdjMaxDGy, ;)
T];gn, for all hours € {1, .., 24} and all buses b €
B”%:

AdjMinDGy, ;, = MinQDGy, - ODGy,;, + Z SDGy p i
keKE ),

< AdjMaxDG,,

18.5.3 Operating Reserve Requirements
18.5.3.1  The constraints in section 8.5.4 shall apply for operating reserve

requirements.

Page 140 of 181 Public IMO_FORM_1087v13.00
REV-21-06



18.6

18.7

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 Wheeling Through Transactions

18.5.6.1  The constraints in section 8.5.7 shall apply for wheeling through
transactions.

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 8.6.1.1 shall apply for operating reserve
ramping.
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.

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, With,, ;, in section 8.7.1.1;
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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

18.7.1.2

18.7.1.3

18.7.1.4

province-wide non-dispatchable demand forecast (PFLy), in place
of the /ESO’s average province-wide non-dispatchable demand
forecast (AFLy).

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

With, ,
Z SDLyy ; if b e BPL
) €T
Z (QHDR,,, ; — SHDRy ) if b € BHDR
J€lhp

The total amount of energy withdrawals scheduled at intertie zone bus
d€ DXinhour h€ {1,.., 24}, With,, 4, shall be:

Withh,d - z SXLh,d,j"
j€IE4

The total amount of energy injections scheduled at internal bus b € B
in hour A€ {1, .., 24}, Inj, shall be:

Public IMO_FORM_1087v13.00
REV-21-06



Injy, = Of ferInj, , + RampInj,

where:
Of ferInjy
Z SNDG, p 1 if b € BNDG
keKE )
ODGh'b'MinQDGb + Z SDGhbk Lfb GBDG
kEKEb
and
Rampfnjh}b

RampEy,, " IDGy 4 if b€ BNOS

w=1l.min(RampHrsp,24—h)
0 otherwise

18.7.1.5  The total amount of energy injections scheduled at intertie zone bus
d€ Dlinhour h€ {1,.., 24}, Injy 4, shall be:

Injyq = Z SIGy q -

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

hefl,.., 24k
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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,
pegNDGy, DG

+ Z (14 MglLossyq) * Injq
deDI

_ Z SGenViol, ; + LossAdjy.

i=1--NGenVio£h

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.
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18.8 Constraints to Respect Pass 1 Decisions

18.8.1

18.8.2

18.8.3

18.8.4

18.8.5
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The Reliability Scheduling algorithm shall not schedule energy import
schedules for boundary entity resources below those import schedules
determined in Pass 1. For all hours A€ {1, .., 24} and intertie zone buses
d € DI that are not part of a wheeling through transaction:

Z SIGy g5 = Z SIGj 4 x

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 42 € {1, .., 24} and intertie zone buses
d € DXthat are not part of a wheeling through transaction:

The Reliability Scheduling algorithm shall not de-commit dispatchable
generation resources committed in Pass 1. For all hours #€ {1, .., 24} and
buses b € B

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€ BYM, hours A€ {1, .., 24} and offer laminations k€ K7, ;;

SDGh,b,k == SlDGh,b,k + SZDGh,b,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 €
BY™ ‘hours € {1, .., 24} and offer laminations k€ K7, ;;

0 <S1DGpx < Q1DGy
and

0 <S2DGppy < Q2DGppx
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18.9  Outputs

18.9.1 Outputs of the Reliability Scheduling algorithm shall include resource
schedules and commitments.

19 Pass 3: DAM Scheduling and Pricing

19.1 Purpose

19.1.1 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.

20 DAM Scheduling

20.1 Purpose

20.1.1 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

20.2 Information, Sets, Indices and Parameters

20.2.1 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 € /f, &
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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 h€ {1, .., 24}; and

20.2.1.3 SIG'%/d/ 1 Which designates the amount of energy that a boundary entity
resource is scheduled to import at intertie zone bus d € DIin hour
he{l,..,24} in association with lamination K € Kf 4

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.
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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.

20.8 Constraints to Respect Pass 2 Decisions

20.8.1

20.8.2

20.8.3

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 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 wheeling through transaction:

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 € 5P

ODGy ) = ODG,f‘b

20.9 Outputs

20.9.1
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Outputs for the DAM Scheduling algorithm shall include resource schedules
and commitments.

Public IMO_FORM_1087v13.00
REV-21-06



21 DAM Pricing

21.1 Purpose

21.1.1 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 21.2.2.3, 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.

21.2 Information, Sets, Indices and Parameters

21.2.1 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 SDGZ bk Which designates the amount of energy that a dispatchable
generation resource 1s scheduled to provide above MinQDG, at bus
be BFLR Y BHE in hour A€ {1, .., 24} in association with lamination

21.2.1.2 ODGZ »» Which designates whether the dispatchable generation
resource at bus b € B¢ was scheduled at or above its minimum
loading point in hour A€ {1,.., 24}. Note that ODG, , = ODG}, , for
all hours A€ {1, .., 24} and buses b € B,

21.2.13 5'105DG%, b4k Which designates the amount of synchronized ten-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€ K}If)bs ;

21.2.1.4 5'10NDG2/ bk Which designates the amount of non-synchronized en-

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 ;
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21.2.2

21.2.1.5

21.2.1.6

.SBORDG?L bk Which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BFLR U BE in hour h€ {1,.., 24} in association
with lamination k€ K;?’LOR; and

OHOZ, » Which designates whether the dispatchable hydroelectric

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

The resource schedules from Pass 2:

21.2.2.1

21.2.2.2

21.2.23

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

SIGde 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 kK€ K7, ;.

The DAM Pricing algorithm shall use reference level values for any
financial dispatch data parameters that failed the Conduct Test
associated with resources identified in section 14.7.

21.3 Variables and Objective Function

21.3.1

21.3.2

The DAM Pricing algorithm shall solve for the variables listed in section

93.1.

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.

214 Constraints

21.4.1
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The constraints in sections 9.4 through 9.8 shall apply in the DAM Pricing
algorithm, with the following exceptions:

21.4.1.1

21.4.1.2

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.

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.
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21.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm in section 8 shall be replaced with the outputs
from the DAM Scheduling algorithm in section 20, as follows:

214.13.1 SDG,%5 shall be replaced by SDG},;, forall he€ {1,..,24}, b€

21.4.1.3.2 ODGZ{gS shall be replaced by ODG'Zb forall he{1,..,24}, b€
BDG;

21.4.13.3 5105002};5( shall be replaced by 5'10506'2, px for all
he{l,..,24}, be BF 'Ry B ke Kﬁ’os;

214.1.34 ﬂONDG‘,‘I’/% shall be replaced by SIONDGZ b for all
he{l,..,24}, be B*Ru BE ke K},

21.4.1.35 530RDG‘,;’/Z§( shall be replaced by SBORDGZ b for all
he{l,..,24}, be B Ru B ke K;)f; and

21.4.1.3.6 OHO%S shall be replaced by OHO}Lb forall he{1,..,24}, b€
B"E.

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 2 € {1, .., 24} and boundary entity resource import
buses d € DIthat are not part of a wheeling through transaction:

21.4.1.4.2 For all hours A€ {1, .., 24} and boundary entity resource export
buses d € DX'that are not part of a wheeling through transaction:

Z SXLy g, < Z SXIZ 4, + A

JEIE a J€lha
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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

221 Pseudo-Unit Model Parameters

22.1.1

22.1.2

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
facility with K combustion turbines and one steam turbine:

22.1.1.1

22.1.1.2

22.1.1.3

22.1.1.4

22.1.1.5

22.1.1.6

22.1.1.7

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

CMLP, designates the minimum loading point of combustion turbine
ke{1,.. K} in MW;

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

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

SDF designates the amount of duct firing capacity available on the
steam turbine in MW;

STPortion, designates the percentage of the steam turbine capacity
attributed to pseudo-unit k€ {1, .. ,K}; and

CSCM,, € {0,1} designates whether pseudo-unit k€ {1, .. K} is flagged
to operate in single cycle mode for the day.

The day-ahead market calculation engine shall calculate the following model
parameters for each pseudo-unit k€ {1,.K}:

22.1.21
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MMCR), designates the maximum continuous rating of pseudo-unit k
and is calculated as follows:

CMCR, + SMCR - STPortion, - (1 — CSCM,.)
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22.12.2  MMLPF, designates the minimum loading point of pseudo-unit k and is
calculated as follows:

CMLP, + SMLP - (1 — CSCM)

22.1.2.3  MDF, designates the duct firing capacity of pseudo-unit k and is
calculated as follows:

SDF - STPortion,, - (1 — CSCM,)
22.1.2.4  MDRj 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  The minimum loading point region shall be the capacity between 0 and
MMLP,

22.1.3.2  The dispatchable region shall be the capacity between MMLPE, and
MMLP, + MDR,; and

22.1.3.3  The duct firing region shall be the capacity between MMLE, + MDR,
and MMCR,.

22.1.4 The day-ahead market calculation engine shall calculate the associated
combustion turbine and steam turbine shares for the three operating regions of
pseudo-unit k € {1,.K}, as follows:

22.1.4.1  For the minimum loading point region:

SMLP(1-CSCMy)

22.1.4.1.1 Steam turbine share: STShareMLF, = ; and
MMLPy
. : CMLPy
22.1.4.1.2 Combustion turbine share: C7ShareMLP, = ———;
MMLPY

22.14.2  For the dispatchable region:

22.1.42.1 Steam turbine share:
STShareDR,= (1= CSCMy) (SMCR-STPon}i;; ;— SMLP-SDF,-STPortion k); .
k

nd

CMCR— CMLPk.

: and
MDRy,

22.1.4.2.2 Combustion turbine share: C7ShareDR,=
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22.143

For the duct firing region:

22.1.4.3.1 Steam turbine share shall be equal to 1; and

22.1.4.3.2 Combustion turbine share shall be equal to 0.

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

22.2.1

22.2.2

2223
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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

22.2.1.2

22.2.13

CTCapy,, designates the capacity of combustion turbine K€ {1, .. K}
in hour h as determined by submitted deratings;

ST Capy, designates the capacity of the steam turbine in hour h as
determined by submitted deratings; and

TotalQp designates the total offered quantity of energy for pseudo-
unit k€ {1, .. ,K} in hour h.

The day-ahead market calculation engine shall solve for the following
operating region parameters for hour h € [1,..,24} for each pseudo-unit
ke{l1,.. K}

22221

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 j designates the duct firing region capacity of pseudo-unit k in
hour h.

Pre-processing of De-rates

22231

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 and steam turbine share
and the application of the pseudo-unit deratings. For pseudo-unit
ke{1,.. K} forhour hE{],..,24}:
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22.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each
combustion turbine (CTAmtp, ;) and steam turbine portion
(STAmty,):
If TotalQ;,; < MMLP, then:
CTAmt,; = 0; and
STAmty ;. =0.
Otherwise:
CTAmMtMLP = MMLP,-CTShareMLP,; and
STAmtMLP = MMLP,-STShareMLP,.
If TotalQ; > MMLP, + MDR,, then:
CTAmtDR = MDR,-CTShareDR,;
STAmtDR = MDR,-STShareDR,; and
STAmtDF = (1 — CSCMy) (TotalQy — MMLP, — MDRy).
Otherwise:
CTAmtDR = (TotalQ,; — MMLPE,) -CTShareDR,;
STAmtDR = (TotalQ; — MMLRF,)-STShareDRy;
STAmtDF = 0;
CTAmty = CTAmtMLP+ CTAmtDR; and
STAmt, ;= STAmtMLP + STAmtDR + STAmtDF.

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

STAmt], k
PRSTCap;, ;= - -STCap,,

Ywe 1, x STAmty,,
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 CTCapy, < CMLA, then the pseudo-unit is unavailable.

If PRSTCapy,; < SMLP(1 — CSCMy,), then the pseudo-unit is
unavailable.
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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 to the
dispatchable region:
Calculate P so that CMLF, + P-CTShareDR;-MDR, = CTCapy,;; and
Set DR, ;= min(DRy, ., P-MDR)).

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

Calculate R so that SMLP + R-STShareDR;-MDR;, = PRSTCap,, .
IfR< 1, set DF/I,k: 0, and DR]I’[(: m1'11(DRb,k, RMDRk)

If R> 1, set DF/I,k = min(DFh,k, PRSTCHpb’k — SMLP—
STShareDR,-MDR,).

22.2.4 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:

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

222412 QDR designates the total quantity that may be scheduled in the
dispatchable region; and

22.2.4.13 @DFy; designates the total quantity that may be scheduled in the
duct firing region.

22242  The available offered quantity laminations shall be subject to the
following conditions:
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0< QMLPh,k < MLPh,k;
0 < QDRyy < DRygs
0< QDFth < DFh,k;

it QMLPy, ,, < MLP,,,, then the pseudo-unit is unavailable and
QDRy . = QDFyy = 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

22.3.1.2

22.3.13

PS. UMJ'nZ  designates the minimum limitation on pseudo-unit k

determined by translating constraint q. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PS UMI'HZ 4 shall

be set equal to 0;

PS UMaXZ i designates the maximum limitation on pseudo-unit k
determined by translating constraint g. When constraint g does not
provide a maximum limitation on pseudo-unit k, then PS UMaXZ 4 shall
be set equal to MLF, ;+ DRy, ;+ DFy, ; and

CTCmtd), ;,€{0,1} designates whether combustion turbine k € {1,..K}
is considered committed in hour A€ {1, .., 24}.

22.3.2 The day-ahead market calculation engine shall calculate the minimum and
maximum limitations, subject to section 22.3.3.1, as follows:

22.3.2.1  Minimum limitation: MinDG, ; = manE{L"@PSUMmZ 1 and
22322  Maximum limitation: MaxDGp, = mingeq g PSUMax} .
where Q designates the number of constraints impacting a combined
cycle facility 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
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22.3.3.1.1 PSUMiny; = PMin, where PMin shall be a minimum constraint
provided on pseudo-unit k€ {1, .. ,K} for hour A€ {1, .., 24}; and

2233.1.2 PSUMaxyp; = PMax, where PMax shall be a maximum constraint
provided on pseudo-unit k€ {1, .., K} for hour A€ {1,.., 24}.
22.3.4 Combustion Turbine Minimum and Maximum Constraints

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

If CTMin < MLP,, ;. + CTShareMLP,,, then set

STShareMLP
—k); and

STMinMLP = CTMin -
CTShareMLPy,
STMinDR = 0|
Otherwise, if CTMin = MLP,, ; - CTShareMLP,,, then set

STMinMLP = MLP,, , - STShareMLP, ; and

STShareDRk)

STMinDR = (CTMin — MLPy CTShareMLPk) ' (m
, are 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 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 maximum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMax < MLP,; - CTShareMLP,, then PSUMax, = 0

Otherwise, calculate the effect of the constraint on the steam turbine
within the minimum loading point and dispatchable regions:
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STMaxMLP = MLP,, - STShareMLP,

STShareDR,,
STMaxDR = (CTMax — MLP, ;. - CTShareMLP,) - (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 maximum constraint shall be converted to a

pseudo-unit constraint as follows:

PSUMax, ;= CTMax

22.3.5 Steam Turbine Minimum and Maximum Constraints

22.3.5.1  The day-ahead market calculation engine shall convert a steam turbine
minimum constraint to a pseudo-unit constraint as follows:

22.3.5.1.1 Step 1: Identify A € {1, .. K}, which shall indicate the set of
pseudo-units to which the constraint may be allocated where
pseudo-unit k€ {1, .. K} is placed in set A if and only if CSCM;=0
and CTCmtdy; = 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 portion of the capacity of
pseudo-unit k€ A:

STCapy = QMLPE, ;-STShareMLF, + QDR ;-STShareDR; + QDFy,

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 STCap;,.

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

ke A:

If STPMin, < MLP,; - STShareMLPy, then set

CTShareMLPk). d
STShareMLP/’

CTMinMLP, = STPMin, -
CTMinDR;, =0
Otherwise, if STPMin, = MLP,, ;. - STShareMLP,,, then set
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CTMinMLP, = MLP,, ;. * CTShareMLP,; and

CTShareDR k)

CTMinDR, :(5‘ TPMin-MLE, ;ST S]JareMLPk) : (m
k

Therefore:

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

22.3.5.2  If pseudo-units with sufficient steam turbine capacity are not
committed, then the day-ahead market calculation engine shall not
convert the entire quantity of the steam turbine minimum constraint to
pseudo-unit constraints.

22.3.5.3  The steam turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

STAmth,k
Lweqr,.k) STAMLyy,

PRSTMaxy, ), = ( ) *STMax

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

PSUMathk =0

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

IfR < 1, set PSUMaxh‘k = MLP.’L,I{ + min(DRh‘k ,R ' MDRR)

IfR > 1, set PSUMaxh‘k = MLP.’L,I{ + DRh,k + PRSTMaxh,k -
SMLP — STShareDR,, - MDR,

22.3.54  If the steam turbine minimum and maximum constraints are equal but
do not convert to equal pseudo-unit minimum and maximum
constraints, then the steam turbine minimum constraint conversion in
section 22.3.5.1 shall be used to determine equal pseudo-unit
minimum and maximum constraints.
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22.4 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

22.4.1 For a combined cycle facility with K combustion turbines and one steam
turbine, the day-ahead market calculation engine shall compute the following
energy and operating reserve schedules for hours A€ {1, .., 24}:

22.4.1.1  CTEj designates the energy schedule for combustion turbine
ke{l,.. K}

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

22.4.1.3  STE), designates the energy schedule for the steam turbine;

22414  CT10S8} designates the synchronized ten-minute operating reserve
schedule for combustion turbine K€ {1, .. K};

224.1.5  STP10S},; designates the synchronized ten-minute operating reserve
schedule for the steam turbine portion of pseudo-unit k€ {1, .. K};

22.4.1.6  ST10S, designates the synchronized ten-minute operating reserve
schedule for the steam turbine;

22.4.1.7  CT10Np designates the non-synchronized fen-minute operating
reserve schedule for combustion turbine k€ {1, .. ,K};

224.1.8  STP10N,; designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-unit
ke{l,.. K}

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

22.4.1.10 CT30Ry designates the thirty-minute operating reserve schedule for
combustion turbine k€ {1, .. K};

22.4.1.11  STP30Ry designates the thirty-minute operating reserve schedule for
the steam turbine portion of pseudo-unit k€ {1, .. ,K}; and

22.4.1.12 ST30R,, designates the thirty-minute operating reserve schedule for
the steam turbine.
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22.4.2 The day-ahead market calculation engine shall determine the following
energy and operating reserve schedules for pseudo-unit k€ {1, .. K} in hour
he{l,..,24}:

22.42.1  SEj; designates the total amount of energy scheduled and SEj, ;, =
SEMLPE, ; + SEDR;, ; + SEDF}, ; where:

22.42.1.1 SEMLP,; designates the portion of the schedule corresponding to
the minimum loading point region, where 0 < SEMLF, ; <
QMLE, ;

224212 SEDR; designates the portion of the schedule corresponding to
the dispatchable region, where 0 < SEDRy, , < QDR and
SEDR}, . > 0 only if SEMLF, ; = QMLF,;; and

22.42.1.3 SEDF designates the portion of the schedule corresponding to
the duct firing region, where 0 < SEDFy, , < QDF}, ; and
SEDFhk >0 Only if SEDR]Lk = QDR]I,I(;

22422 5108}, designates the total amount of synchronized ten-minute
operating reserve scheduled,

22423  S10Ny, designates the total amount of non-synchronized fen-minute
operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region then 0 < SE}, ; +
S108p 4+ S1ONy , < QMLE, ; + QDR ; and

22424  S30R; designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SE/],k-I_ .5‘105]]’](4' .S‘ION/L](‘F .SBOR/L/( <
QMLP,x + QDR+ QDFy,.
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2243
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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

IfSEh'k = MLPh'k, then:
CTEpx = SEMLPy, ;. - CTShareMLP, + SEDRy, . - CTShareDRy;

STPEy,; = SEMLPy . - STShareMLP, + SEDRy, , - STShareDR,, +
SEDFh’k;

RoomDRy,; = QDR — SEDRy,;

10SDRy, . = min(RoomDRy, i, S10S,.);

10NDRy,, = min(RoomDRy,; — 10SDRy, , S10Ny, . );

30RDRy,, = min(RoomDRy,; — 10SDRy,, — 10NDRy, ., S30Ry, ;)
CT10Sy,,. = 10SDRy,, - CTShareDR;

STP10Sy,;, = 10SDRy, - STShareDR,, + (S10S,, — 10SDR,);
CT10Ny, ;. = 10NDRy,, - CTShareDR;

STP10Ny,; = 10NDRy, - STShareDR,, + (S10N,,; — 10NDRy,);
CT30Ry, = 30RDRy, - CTShareDR,; and

STP30Ry, = 30RDRy, ;- STShareDRy, + (S30Ry, — 30RDRy, ).

If SE}, , < 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 turbines portion schedules from section 22.4.3.1 shall be
summed to obtain the steam turbine schedule as follows:

STEp = Xk=1,.k STPEn;

ST10S, = Yg=1,.x STP10Sy x;
ST10Ny, = X k=1, x STP10N}, ;; and
ST30Ry = Yk=1,xk STP30R .
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23 Pricing Formulas

231 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
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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

23.2.13

23.2.1.4

23.2.1.5

23.2.1.6

23.2.1.7

23.2.1.8

SPEm 7};’ .rdesignates the Pass p shadow price for the post-

contingency transmission constraint for facility f€ Fin contingency
c€ C in hour h;

SPEXH;EZ designates the Pass p shadow price for the import or export
limit constraint z € Zg,, in hour h;

SPL‘,’] designates the Pass p shadow price for the energy balance
constraint in hour h;

SPN[UEXtBWde 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;

SPN[DEXz‘BWdT};’ 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);

SPN]DEXfFWde 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;
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23.2.19

23.2.1.10

23.2.1.11

23.2.1.12

23.2.1.13

23.2.1.14

23.2.1.15

.S'PlOS’Z designates the Pass p shadow price for the total synchronized
ten-minute operating reserve requirement constraint in hour h;

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 GMin3ORZ/ - 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 fen-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
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Energy Locational Marginal Prices for Delivery Points

23.3.1.1

The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1,.., 24} for every bus b € L where a non-dispatchable or
dispatchable generation resource, a dispatchable load, a price
responsive load, an hourly demand response resource, or a non-
dispatchable load is sited and:

233.1.1.1 LM P,E , designates the Pass p hour h locational marginal price for

energy;

233.1.1.2 PRe fhp designates the Pass p hour h energy locational marginal

price for energy at the reference bus;

233.1.1.3 PLoss,’Z’b designates the Pass p hour h loss component; and
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233.1.14 PC ongﬁb designates the Pass p hour h congestion component.

23.3.1.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass p € {1,3} atbus b € L in hour A€ {1,.., 24}, as
follows:

InitLMF;, = InitPRef,’ + InitPLoss, , + InitPCongy, ,
where
InitPRef,’ = SPL};
InitPLoss}:_b = M’gH_,oss}f')b . SPL?I;

and

InitPCongng = Z PreConSF, ¢ ) -SPNormTJ{f

JEFn
+ Z Z SFcrp - SPEMTY,
CeC fEFp ¢

23.3.1.3  If'the initial locational marginal price for energy at the reference bus
(InitPRe fhp) 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,f < EngyPrcFir, PRef};’ = EngyPrcFir
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}), < EngyPrcFir, LMP, = EngyPrcFir
Otherwise, LMF,, = [nitLMP}),

23.3.1.5  The day-ahead market calculation engine shall modify the loss
component as follows:
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23.3.2
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If PRef# InitPRef), then PLoss}, , = MglLoss), ,-PRef;,

Otherwise, PLOSSZ b= ]nitPLossZ b

23.3.1.6  The day-ahead market calculation engine shall modify the congestion
component as follows:

If LMP,, — PRef; — PLoss), , and [nitPCong), , have the same
mathematical sign, then PCong, .= LMF,, — PRef; — PLoss}, ,

Otherwise, PCongZ , = 0and PLO.S‘.S‘Z b= LM}}Z b= PJ’?@f}i7

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 A € {1, .., 24} for intertie zone bus d € D, where:

233.2.1.1

233212

23.3.2.13

2332.1.4

23.3.2.1.5

23.3.2.1.6

233.2.1.7

23.3.2.1.8

1:"XtLMP];7 4 designates the Pass p hour h locational marginal price

for energy;

IntLMPIZ 4 designates the Pass p hour h intertie border price for

energy;
IC}}: 4 designates the Pass p hour h intertie congestion price;,

P]i’éuf‘]';7 designates the Pass p hour h locational marginal price for
energy at the reference bus;

PLOSSZ 4 designates the Pass p hour h loss component;

P[ntCongz 4 designates the Pass p hour h internal congestion
component for energy;

PEXtCongZ , designates the Pass p hour h external congestion

component for the intertie congestion price; and

PN[SL’]’L 4 designates the Pass p hour h net interchange scheduling

limit congestion component for the intertie congestion price.

Public IMO_FORM_1087v13.00
REV-21-06



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 A € {1, .., 24}, subject to section 23.3.2.8 and
23.3.2.9, as follows:

InitExtLMP}, = InitIntLMP;, + InitICP;,
where
InitPRef,! = SPL} ;
InitPLoss;, , = MglLossy, ;- SPL}, ;
InitPIntCongﬁld
= Z PreConSFy s q - SPNormT,, .

fEF

+Z Z SFucf.a - SPEMT}, -

ceC fEFh,C

InitIntLMP;; = InitPRef,’ + InitPLoss,, ,
+ InitPIntCong}:,d;

InitICP, ; = InitPExtCong,, , + InitPNISL) ,;

InitPExtCongﬁ)d = Z EnCoeffq, - SPEXtTr?,z;

Z2€Zsch
and

InitPNISL; , = SPNIUExtBwdT, — SPNIUExtFwdT,
— SPNIDExtBwdT} + SPNIDExtFwdT}

23.3.2.3  If'the initial locational marginal price for energy (InitExtLM P,f 4) 18

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
(InitPRefhp) shall be modified per section 23.3.1.3;

23.3.2.3.2 The initial intertie border price (InitiIntLM P,f ) shall be modified
per section 23.3.1.4, where InitLMP,, = InitIntLMP, ;;
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23.3.2.3.3 The initial loss component (InitPLossfl’,b) shall be modified per

section 23.3.1.5; and

23.3.2.3.4 The initial congestion component (InitPC ong,’;b) shall be

23324

23.3.2.5

23.3.2.6

modified per section 23.3.1.6.

If the initial locational marginal price for energy (InitExtLM P,f 4) 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 InitExtLMP, ;> EngyPrcCeil, set ExtLMP,,,= EngyPrcCeil

If InitExtLMF, ;< EngyPrcFlr, set ExtLMP,, =
EngyPrcFir

Otherwise, set ExtLMF, , = [nitExtLMF,

If the modified locational marginal price for energy (EXZ'L]WI[;;7 ) 18
equal to the intertie border price for energy (lntLM}}Z 2)» 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 PExtCong,, ,= 0 and PNISL, ,= 0

If the modified locational marginal price for energy (ExtLM P}f q) 18
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:
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23.3.3
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23.3.2.7

23.3.2.8

23.3.2.9

If ExtLMP;, # IntLMP; ;. set

PNISL} , = (ExtLMP;; — IntLMP} )

InitPNISL, ,
itPNISL; , + InitPExtCongy, ,

If PNISL} , > NISLPen, PNISL} , = NISLPen

If PNISL}, , < (—1) - NISLPen, PNISL, , = (—1)-
NISLPen

Then PExtCong, , = 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 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.

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{l,..,24} for each virtual transaction zone m € M, as follows:
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VZonalP?

hm

= PRe fhp +VZ onalPLoss}:_m
+ VZonalPCong,,

where

VZonalPLossy, ,,, = Z WFy G - PLossy
beLyIRT

and

VZonaIPCongglm = Z WF/IX, -PCongﬁb

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:

ZonaIPhITy = PRef}lp + ZonaIPLoss,ny + ZonalPCongf:}y
where
ZonaIPLoss,ny = Z WE,% - PLossy, ),
beryPL
and

Zona!PCongEJy = Z WED% - PCongy, ,

NDL
beLl

2334 Pseudo-Unit Pricing

23.3.4.1  The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1,.., 24} for every pseudo-unit k € {1,.., K} where:

2334.1.1 CTM glLoss,’Z'k designates the marginal loss factor for the
combustion turbine identified by pseudo-unit k for hour 4 in Pass
p;

2334.1.2 STM glLoss,I:’k designates the marginal loss factor for the steam
turbine identified by pseudo-unit k for hour 4 in Pass p;

23.3.4.1.3 CTPreConSFy ) designates the pre-contingency sensitivity factor

for the combustion turbine identified by pseudo-unit k on facility f
during hour % under pre-contingency conditions;
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23.3.4.1.4 STPreConSFy f designates the pre-contingency sensitivity factor

for the steam turbine identified by pseudo-unit k on facility f
during hour % under pre-contingency conditions;

23.3.4.1.5 CTSFy s designates the post-contingency sensitivity factor for
the combustion turbine identified by pseudo-unit k on facility f
during hour % under post-contigency conditions for contingency c;
and

23.3.4.1.6 STSFy s designates the post-contingency sensitivity factor for

the steam turbine identified by pseudo-unit k on facility f during
hour % under post-contingency conditions for contingency c.

23.3.42  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass p € {1,3} for every pseudo-unitk € {1,..,K}in
hour h € {1,.., 24}, as follows:

InitLMP,), =InitPRef; + InitPLoss), , + InitPCong,,

where
; — P,
[nitPRef, =SPL, ;
InitPLoss), ,=MglLoss,, ,SPL) ;
and

InitPCongE_k = Z PreConSFy g -SPNormThp_f

SEFp

+Z Z SFncr - SPEMT, ¢

CEC fEF¢

23343  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:
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MgllLoss;, , = CTShareMLP, - CTMglLoss, , + STShareMLP,
. STMgILoss,f’k

PreConSFy, ¢ .
= CTShareMLPy - CTPreConSF;, ¢, + STShareMLP,

-STPreConSFy sy
SFh,C,f,k = CTShaTeMLPk - CTSI:}{,C,}"J{ + STShaTeMLPk ' STSFhJC,f,k

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

MglLossy,, = CTShareDRy, - CTMglLoss;, , + STShareDR,,
. STMgILoss}:’k

PreConSFy ¢
= CTShareDR,, - CTPreConSFy, ;) + STShareDR),

*STPreConSFy g
SFh,c,f,k = CTShaT‘BDRk - CTSP}l,C‘ka + STShaT'eDRk - STSFh,C,f,k

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

MglLoss,f_k = STMgILoss;f_k
PreConSFy ¢ = STPreConSFy ¢

SFperx =STSFycrx

23.4 Locational Marginal Prices for Operating Reserve

23.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

23.4.1.1  The day-ahead market calculation engine shall calculate a locational
marginal price and components for operating reserve for each Pass
p€{1,3}and hour 4~ € {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;
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23.4.1.1.2 PSORReff designates the Pass p hour h locational marignal price
for thirty-minute operating reserve at the reference bus;

23.4.1.1.3 PBORCongZ ,, designates the Pass p hour h congestion component

for thirty-minute operating reserve;

23.4.1.1.4 L10N17f ,, designates the Pass p hour h locational marignal price

for non-synchronized ten-minute operating reserve;

234.1.1.5 PlONJ’?e/‘};7 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 PIONCongZ ,, designates the Pass p hour h congestion component

for non-synchronized ten-minute operating reserve;

234.1.1.7 LloSI}Z , designates the Pass p hour h locational marignal price

for synchronized ten-minute operating reserve;

23.4.1.1.8 PlO.S"Rez‘};7 designates the Pass p hour h locational marignal price
for synchronized ten-minute operating reserve at the reference bus,

234.1.1.9 PlOSCongZ , designates the Pass p hour h congestion component

for synchronized ten-minute operating reserve; and

23.4.1.1.10 ORREG, < 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 € Bin hour h€ {1, .., 24}, for each class of operating
reserve, as follows:
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InitL30RP;, = InitP30RRef,’ + InitP30RCong;, ,

where
InitP30RRef,’ = SP30R}
and
InitP30RCongy, ,
= Z SPREGMin30R},
rEORREG)
— Z SPREGMax30R},
TEORREG)

InitL10NP,, = InitP10NRef,’ + InitP10NCongy, ,

where|

InitP10NRef;’ = SP10R? + SP30R),

and

InitP10NCongy, ,
= Z (SPREGMin10R}
rEORREG)
+ SPREGMin30R;, )
- Z (SPREGMax10R;,
TrEORREG)

+ SPREGMax30R}, )
InitL10SP, = InitP10SRef,] + InitP10SCongj, ,
where
InitP10SRef;’ = SP10S} + SP10R? + SP30R]

and

InitP10SCong}, ,

= > (SPREGMin10R} +SPREGMin30Rj )
r€0RREG),

— > (SPREGMax10R}, + SPREGMax30R},,)
r€0RREG),

23.4.1.3  If'the initial locational marginal price at the reference bus
(InitP30 RRef},InitP10 NRefy, or [nitP10 SRef}) is not within the
settlement bounds (ORPrcFIr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the initial locational marginal prices
at the reference bus for each class of operating reserve as follows:
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23.4.1.4

23.4.1.5

If //nitP30 RRef; > ORPrcCeil , P30 RRef, = ORPrcCelil:

If InitP30 RRef, < ORPrcFir, P30 RRef, = ORPrcFIr, Otherwise,
P30RRef,=InitP30 RRef?,.

If InitPL\ONRef; > ORPrcCeil, PLONRef, = ORPrcCell.

If InitP\O NRef,, < ORPrcFlr, PLONRef, = ORPrcFIr,
Otherwise, PLONRef)=InitP10NRefy.

If InitP10SRef] > ORPrcCeil, PLOSRef, = ORPrcCeil:

If /nitP10SRef, < ORPrcFlr, PLOSRef, = ORPrcFIr,
Otherwise, PL0SRef,=InitP10SRef

If the initial locational marginal price (InitLSORPIs b,]nitLlON}}: »OT
1171'tl,1051’31;7 ») 18 not within the settlement bounds

(ORPrcFlIr, ORPrcCeil), then the day-ahead market calculation engine
shall modify the initial locational marginal price for each class of
operating reserve as follows:

If InitL30RF,, > ORPrcCeil, L30RP,, = ORPrcCeil;

If InitL30RF;, < ORPrcFlr, L30RF, = ORPrcFir,
Otherwise, L30RF,,=InitL30RF,

If InitL10NF,, > ORPrcCeil, L1ONF,, = ORPrcCeil:

If InitL10 NP, < ORPrcFir, LI\ONF,, = ORPrcFlr,
Otherwise, LIONF; ,=InitL10NF, .

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

If InitL10SF;, < ORPrcFlr, L10SP,, = ORPrcFlIr,
Otherwise, LlOS}}s = lnitLloS}}s A

If the initial locational marginal price
(InitL30RF;, InitL10 NF,,, or InitL10SF; ) is not within the

settlement bounds (ORPrcFIr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the congestion component for each
class of operating reserve, as follows:

Set P30RCong), , = L30RF,, — P30RRefy;
Set PLONCong), , = L1ONF;, — PLONRef;; and
Set P10SCong), , = L10SF,, — P10SRef}.
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23.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

23.42.1  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:

234.2.1.1 EXtLBORPb’f 4 designates the Pass p hour h locational marginal

price for thirty-minute operating reserve;

23.42.1.2 PSORReff designates the Pass p hour h locational marginal price
for thirty-minute operating reserve at the reference bus;

234213 PBOR[ntCongZ 4 designates the Pass p hour h internal congestion

component for thirty-minute operating reserve;

2342.14 PSORExtCongZ 4 designates the Pass p hour h intertie congestion

component for thirty-minute operating reserve;

23.4.2.1.5 EXtLlON}}Z , designates the Pass p hour h non-synchronized ten-

minute operating reserve price;

23.4.2.1.6 PlONI’?ez‘};7 designates the Pass p hour h locational marginal price
for non-synchronized ten-minute operating reserve at the reference
bus;

23.4.2.1.7 PlON[ntCongZ 4 designates the Pass p hour h internal congestion

component for non-synchronized ten-minute operating reserve;

23.4.2.1.8 PlONEXtCongZ 4 designates the Pass p hour h intertie congestion

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

234.2.1.9 ORREG,; < ORREG designates the subset of ORREG consisting of
regions that include bus d.

23.42.2  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 € A
in hour ~ € {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, + InitP30RIntCongy, ,
+ InitP30RExtCong;, 4

where

InitP30RRef,” = SP30RY;

InitP30RIntCong}, ,
= Z SPREGMin30R},

TEORREGq

- Z SPREGMax30R}, ;
TEORREG4

InitP30RExtCong, ,
= - Z 0.5 (EnCoeff,, + 1) - SPExtTy,

ZEZgsch

InitExtL10NP,,
= InitP10NRef, + InitP10NIntCong,, ,
+ InitP10NExtCong, ,

where

InitP10NRef,? = SP10R] + SP30RY;

InitP10NIntCong}, ,
= Z (SPREGMin10R}, . + SPREGMin30R;} )

rEORREG4
- Z (SPREGMax10R},
TEORREGy
+ SPREGMax30R?

hr)
and
InitP10NExtCong}, ,
=— Z 0.5 (EnCoeff,, + 1) SPExtT!,

Z€ZSch
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23.42.3  If'the initial locational marginal price (]HI'Z'EX['L?)ORP]Z ») 18 not within

the settlement bounds (ORPrcFIr, 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 thirty-minute operating reserve as
follows:

IntL30 R =InitP30 RRef;, + [nitP30 RIntCong), ,
If InitP30RRef; > ORPrcCeil, P30 RRef; = ORPrcCell;

If InitP30 RRef; < ORPrcFIr, P30 RRef, = ORPrcFIr,
Otherwise, P30RRef, = InitP30 RRefy;

Set P30RIntCong), ,= ExtL30RF,,— P30RRef;
If InitExtL30RP,, > ORPrcCeil , ExtL30RF,, = ORPrcCeil

If InitExtL30RF,, < ORPrcFir, ExtL30RF,, = ORPrcFlr,
Otherwise, EXl‘LBORPIZ , = InitExtL3 01’?P}§,7 5 and

Set P30RExtCong, =ExtL30RP,), — P30RRef; —
P30 RIntCong), ,

23.42.4  Ifthe initial locational marginal price (InitExtL10N P,f p) 18 not

within the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-
ahead market calculation engine shall modify the initial locational
marginal price, locational marginal price at the reference bus, and the
external congestion component for ten-minute operating reserve as
follows:

IntL10N = InitP10NRef; + InitP10NintCong, ,

If InitP\O NRef, > ORPrcCeil, PLONRef, = ORPrcCeil;

If /nitPLONRef; < ORPrcFlr, PLONRef;, = ORPrcFlIr,
Otherwise, PLONRef;, = InitP1ONRefy;

Set PLONCong,, , = L1ONF,, — P10 NRef;,
If InitExtL10 NP, > ORPrcCeil , ExtL10NF,, = ORPrcCeil

If InitExtL10 NP, < ORPrcFIr, ExtL10NF, = ORPrcFIr,
Otherwise, ExtL10NP,, = InitExtL10 NP, ,; and
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23.4.2.5

23.42.6

Set PLONExtCong), ,= ExtL10NF,, — P1ONRef; —
P10 NintCong), ,

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.

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

235.1.2

23.5.1.3

Page 180 of 181

Determine the connection paths over open switches that connect the
non-quick start resource to the main island;

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

Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.
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23.5.2
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For all (i) resources other than those specified in section 23.5.1 not connected
to the main island; (i1) 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 /ESO:

23.5.2.1

23522

23523

23524

23.5.2.5

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

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

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

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

If a price is unable to be determined in accordance with sections
23.5.2.1 through 23.5.2.4, use the locational marginal price for energy
for the reference bus.
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	1 Appendix 7.1A5 – The Day-Ahead Market Calculation Engine Process
	1.1 Purpose
	1.1.1 This appendix describes the process used by the day-ahead market calculation engine to determine commitments, schedules and prices for the day-ahead market.


	2 Day-Ahead Market Calculation Engine
	2.1 Passes of the Day-Ahead Market Calculation Engine
	2.1.1 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.



	3 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.

	4 Sets, Indices and Parameters Used in the Day-Ahead Market Calculation Engine
	4.1 Fundamental Sets and Indices
	4.1.1 A designates the set of all intertie zones;
	4.1.2 B designates the set of buses identifying all dispatchable and non-dispatchable resources within Ontario;
	4.1.3 ,B-PRL.⊆B designates the set of buses identifying price responsive loads;
	4.1.4 ,B-DL .⊆ B designates the set of buses identifying dispatchable loads;
	4.1.5 ,B-HDR.⊆B designates the set of buses identifying hourly demand response resources;
	4.1.6 ,B-NDG.⊆B designates the set of buses identifying non-dispatchable generation resources;
	4.1.7 ,B-DG.⊆B designates the set of buses identifying dispatchable generation resources;
	4.1.8 ,B-NQS.⊆,B-DG. designates the subset of buses identifying dispatchable non-quick start resources;
	4.1.9 ,B-PSU.⊆,B-NQS. designates the subset of buses identifying pseudo-units;
	4.1.10 ,B-VG.⊆,B-DG. designates the subset of buses identifying dispatchable variable generation resources;
	4.1.11 ,B-ELR.⊆,B-DG. designates the subset of buses identifying energy limited resources;
	4.1.12 ,B-HE.⊆,B-DG. designates the subset of buses identifying dispatchable hydroelectric generation resources;
	4.1.13 ,B-s-HE.⊆,B-HE. designates the subset of buses identifying dispatchable hydroelectric generation resources in set s∈SHE;
	4.1.14 ℘(,B-HE.) designates the set of all subsets of the set ,𝐵-𝐻𝐸.;
	4.1.15 ,B-up-HE.⊆,℘(B-HE.) 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 hydroelectr...
	4.1.16 ,B-dn-HE.⊆,℘(B-HE.) 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 hydroelectr...
	4.1.17 ,B-r-REG.⊆B designates the set of internal buses in operating reserve region r∈ORREG;
	4.1.18 ,B-p-ST.⊆,B-PSU. designates the subset of buses identifying pseudo-units with a share of steam turbine p∈PST;
	4.1.19 ,B-NO10DF.⊆,B-PSU. 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 ,D-GMPRef.⊆D designates the set of global market power reference intertie zones, and boundary entity resources for those interties;
	4.1.23 ,D-r-REG.⊆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 intertie zone buses identifying boundary entity resources that correspond to import offers;
	4.1.26 ,D-a.⊆D designates the set of all buses identifying boundary entity resources in intertie zone a ∈ A;
	4.1.27 ,DX-a.⊆,D-a. designates the subset of intertie zone buses identifying boundary entity resources that correspond to export bids in intertie zone a ∈ A;
	4.1.28 ,DI-a.⊆,D-a. designates the subset of intertie zone buses identifying boundary entity resources that correspond to import offers in intertie zone a ∈ A;
	4.1.29 ,DX-h-EM. ⊆ DX designates the intertie zone buses corresponding to emergency energy export transactions for hour h∈{1,..,24};
	4.1.30 ,DX-h-INP. ⊆ DX designates the intertie zone buses corresponding to inadvertent energy payback export transactions for hour h∈{1,..,24};
	4.1.31 ,DI-h-EM.⊆DI designates the intertie zone buses corresponding to emergency energy import transactions for hour h∈{1,..,24};
	4.1.32 ,DI-h-EMNS.⊆,DI-h-EM. designates the intertie zone buses corresponding to emergency energy import transactions that do not support emergency energy export transactions in hour h∈{1,..,24};
	4.1.33 ,DI-h-INP. ⊆ DI designates the intertie zone buses corresponding to inadvertent energy payback import transactions for hour h∈{1,..,24};
	4.1.34 F designates the set of facilities and groups of facilities for which transmission constraints may be identified;
	4.1.35 ,F-h.⊆F designates 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 ,F-h,c.⊆F designates the set of facilities whose post-contingency limit for contingency 𝑐 is violated in hour ℎ as determined by a preceding security assessment function iteration;
	4.1.37 ,J-h,b-E. designates the set of bid laminations for energy at b∈B∪DX∪VB for hour h∈{1,..,24};
	4.1.38 ,J-h,b-10S. designates the set of offer laminations for synchronized ten-minute operating reserve at bus b ∈ B for hour h∈{1,..,24};
	4.1.39 ,J'-h,b-10S. designates the set of reference level value laminations for synchronized ten-minute operating reserve at bus b ∈ B for hour h∈{1, . . ,24};
	4.1.40 ,J-h,b-10N. designates the set of offer laminations for non-synchronized ten-minute operating reserve at bus b ∈ B∪𝐷𝑋 for hour h∈{1, . . ,24};
	4.1.41 ,J-h,b-'10N. designates the set of reference level value laminations for non-synchronized ten-minute operating reserve at bus b ∈ B for hour h∈{1, . . ,24};
	4.1.42 ,𝐽-ℎ,𝑏-30𝑅. designates the set of offer laminations for thirty-minute operating reserve at bus b ∈ B∪𝐷𝑋 for hour h∈{1, . . ,24};
	4.1.43 ,𝐽-ℎ,𝑏-′30𝑅. designates the set of reference level value laminations for thirty-minute operating reserve at bus b∈B for hour h∈{1, . . ,24};
	4.1.44 ,K-h,b-E. designates the set of offer laminations for energy at bus b ∈ B ∪DI ∪ VO for hour h∈{1, . . ,24};
	4.1.45 ,K'-h,b-E. designates the set of reference level value laminations for energy at bus b ∈ B for hour h∈{1, . . ,24};
	4.1.46 ,K-h,b-DF.⊆,K-h,b-E. designates the set of offer laminations for energy corresponding to the duct firing region of a pseudo-unit at bus ,b ∈ B-PSU.in hour h∈{1, . . ,24};
	4.1.47 ,K-h,b-DR.⊆,K-h,b-E. designates the set of offer laminations for energy corresponding to the dispatchable region of a pseudo-unit at bus ,b∈B-𝑃𝑆𝑈.in hour h∈{1, . . ,24};
	4.1.48 ,K-h,b-LTMLP.designates the set of offer laminations for energy quantities up to the minimum loading point for a non-quick start resource at bus ,b ∈B-NQS. in hour h∈{1, . . ,24};
	4.1.49 ,K-h,b-'LTMLP.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 ∈B-NQS. in hour h∈{1, . . ,24};
	4.1.50 ,K-h,b-10S. designates the set of offer laminations for synchronized ten-minute operating reserve at bus b∈B for hour h∈{1, . . ,24};
	4.1.51 ,K'-h,b-10S. designates the set of reference level value laminations for synchronized ten-minute operating reserve at bus b∈B for hour h∈{1, . . ,24};
	4.1.52 ,K-h,b-10N. designates the set of offer laminations for non-synchronized ten-minute operating reserve at bus b∈B∪𝐷𝐼 for hour h∈{1, . . ,24};
	4.1.53 ,K-h,b-'10N. designates the set of reference level value laminations for non-synchronized ten-minute operating reserve at bus b∈B for hour h∈{1, . . ,24};
	4.1.54 ,K-h,b-30R. designates the set of offer laminations for thirty-minute operating reserve at bus b∈B∪𝐷𝐼 for hour h∈{1, . . ,24};
	4.1.55 ,K'-h,b-30R. designates the set of reference level value laminations for thirty-minute operating reserve at bus b∈B for hour h∈{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 and dispatchable generation resources, dispatchable loads, hourly demand response resources, price respons...
	4.1.57 ,L-y-NDL.⊆L designates the buses contributing to the zonal price for non-dispatchable load zone 𝑦∈𝑌;
	4.1.58 ,L-m-VIRT.⊆L designates the buses contributing to the virtual zonal price for virtual transaction zone 𝑚∈𝑀;
	4.1.59 M designates the set of virtual transaction zones;
	4.1.60 NCA designates the set of narrow constrained areas;
	4.1.61 DCA designates the set of dynamic constrained areas;
	4.1.62 BCA designates the set of broad constrained areas;
	4.1.63 PST designates the set of steam turbines 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⊆V designates the set of bids for energy corresponding to virtual transactions;
	4.1.67 VO⊆V designates the set of offers for energy corresponding to virtual transactions;
	4.1.68 ,V-m.⊆V designates the set of offers and bids for energy corresponding to virtual transactions at virtual transaction zone 𝑚∈𝑀;
	4.1.69 ,VB-m.⊆,V-m. designates the set of bids for energy corresponding to virtual transactions at virtual transaction zone 𝑚∈𝑀;
	4.1.70 ,VO-m.⊆,V-m. designates the set of offers for energy corresponding to virtual transactions at virtual transaction zone 𝑚∈𝑀;
	4.1.71 Y designates the non-dispatchable load zones in Ontario; and
	4.1.72 ,𝑍-𝑆𝑐ℎ. designates the set of all intertie limit constraints.

	4.2 Market Participant Data Parameters
	4.2.1 With respect to a non-dispatchable generation resource identified by bus b∈,B-NDG.:
	4.2.1.1 ,QNDG-h,b,k. designates the maximum incremental quantity of energy that may be scheduled in hour h∈{1,..,24} in association with offer lamination k∈,K-h,b-E.; and
	4.2.1.2 ,PNDG-h,b,k. designates the price for the maximum incremental quantity of energy in hour h∈{1,..,24} in association with offer lamination k∈,K-h,b-E..

	4.2.2 With respect to a dispatchable generation resource identified by bus b ∈ ,B-DG.:
	4.2.2.1 ,MinQDG-b. designates the minimum loading point;
	4.2.2.2 ,QDG-h,b,k. designates the maximum incremental quantity of energy above the minimum loading point that may be scheduled in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-E.;
	4.2.2.3 ,PDG-h,b,k. designates the price for the maximum incremental quantity of energy in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-E.;
	4.2.2.4 ,Q10SDG-h,b,k. designates the maximum incremental quantity of synchronized ten-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-10S.;
	4.2.2.5 ,P10SDG-h,b,k. designates the price for the maximum incremental quantity of synchronized ten-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-10S.;
	4.2.2.6 ,Q10NDG-h,b,k. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-10N.;
	4.2.2.7 ,P10NDG-h,b,k. 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-h,b-10N.;
	4.2.2.8 ,Q30RDG-h,b,k. designates the maximum incremental quantity of thirty-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-30R.;
	4.2.2.9 ,P30RDG-h,b,k. designates the price of the maximum incremental quantity of thirty-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination k∈,K-h,b-30R.;
	4.2.2.10 ,ORRDG-b. designates the maximum operating reserve ramp rate in MW per minute;
	4.2.2.11 ,NumRRDG-h,b. designates the number of ramp rates provided in hour h∈{1, . . ,24};
	4.2.2.12 ,RmpRngMaxDG-h,b,w. for w ∈ {1,..,,NumRRDG-h,b.} designates the wth ramp rate break point in hour h∈{1, . . ,24};
	4.2.2.13 ,URRDG-h,b,w. for w ∈ {1,..,,NumRRDG-h,b.} designates the maximum ramp rate in MW per minute at which the resource can increase the amount of energy it supplies in hour h∈{1, . . ,24} while operating in the range between ,RmpRngMaxDG-h,b,w-1....
	4.2.2.14 ,DRRDG-h,b,w. for w ∈ {1,..,,NumRRDG-i,b.} designates the maximum ramp rate in MW per minute at which the resource can decrease the amount of energy it supplies in hour h∈{1, . . ,24} while operating in the range between ,RmpRngMaxDG-h,b,w-1....
	4.2.2.15 ,RLP30R-h,b. designates the reserve loading point for thirty-minute operating reserve in hour h∈{1, . . ,24}; and
	4.2.2.16 ,RLP10S-h,b. designates the reserve loading point for synchronized ten-minute operating reserve in hour h∈{1, . . ,24}.

	4.2.3 With respect to a dispatchable non-quick start resource identified by bus b ∈ ,B-NQS.:
	4.2.3.1 ,SUDG-h,b. designates the start-up offer in hour h∈{1, . . ,24};
	4.2.3.2 ,SNL-h,b. designates the speed no-load offer in hour h∈{1, . . ,24};
	4.2.3.3 ,MGBRTDG-b. designates the minimum generation block run-time;
	4.2.3.4 ,MGBDTDG-b. designates the minimum generation block down-time;
	4.2.3.5 ,MaxStartsDG-b. designates the maximum number of starts per day;
	4.2.3.6 ,RampHrs-b. designates the ramp hours to minimum loading point;
	4.2.3.7 ,RampE-b,w. designates the ramp up energy to minimum loading point for w∈{1, . . , ,RampHrs-b.};
	4.2.3.8 ,QLTMLP-h,b,k. designates 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∈,K-h,b-LTMLP.;
	4.2.3.9 ,PLTMLP-h,b,k. 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 ∈ K-h,b-LTMLP.; and
	4.2.3.10 ,MGOD𝐺-h,𝑏. designates the minimum generation cost to operate at minimum loading point in hour ℎ∈{1, . . ,24}. This parameter is calculated as follows:

	4.2.4 With respect to an energy limited resource identified by bus b  ∈ ,B-ELR.:
	4.2.4.1 Max,DEL-b. 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 b ∈ ,B-HE.:
	4.2.5.1 ,MinHMR-h,b. designates the hourly must-run value for the resource in hour h∈{1, . . ,24};
	4.2.5.2 ,MinHO-h,b. designates the minimum hourly output for the resource in hour h∈{1, . . ,24};
	4.2.5.3 ,MinDEL-b. designates the minimum daily energy limit for a single resource with or without a registered forebay;
	4.2.5.4 ,MaxStartsHE-b. designates the maximum number of starts per day for the resource;
	4.2.5.5 ,StartMW-b,i. for i ∈{1, . . , ,NStartMW-b.} designates the start indication value for measuring maximum number of starts per day; a start is counted between hours ℎ and (h + 1) if the schedule increases from below ,StartMW-b,i. to at or above...
	4.2.5.6 (,ForL-b,i. , ,ForU-b,i.) for 𝑖 ∈{1,..,,NFor-b.} designate the lower and upper limits of the forbidden regions and indicate that the resource cannot be scheduled between ,ForL-b,i. and ,ForU-b,i. for all i ∈{1,..,,NFor-b.}.

	4.2.6 With respect to multiple dispatchable hydroelectric generation resources with a registered forebay:
	4.2.6.1 ,MaxSDEL-s. designates the maximum daily energy limit shared by all dispatchable hydroelectric generation resources in set s∈SHE; and
	4.2.6.2 ,MinSDEL-s. 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
	4.2.7.1 LNK⊆,B-up  - HE.×, B-dn-HE.  designates the set of linked dispatchable hydroelectric generation resources, where 𝐿𝑁𝐾 is a set with elements of the form (,b-1., ,b-2.) and ,b-1. ∈ ,B-up-HE. and ,b-2 .∈ ,B-dn-HE.;
	4.2.7.2 ,Lag-,b-1.,,b-2..∈{0, . . , 23} designates the time lag in hours between upstream dispatchable hydroelectric generation resources ,b-1 .∈ ,B-up-HE. and downstream dispatchable hydroelectric generation resources ,b-2. ∈ ,B-dn-HE. for (,b-1.,,b-...
	4.2.7.3 ,MWhRatio-,b-1.,,b-2.. designates the MWh ratio between upstream dispatchable hydroelectric generation resources ,b-1.∈,B-up-HE. and downstream dispatchable hydroelectric generation resources ,b-2.∈,B-dn-HE. for (,b-1.,,b-2.)∈LNK.

	4.2.8 With respect to a pseudo-unit identified by bus b ∈ ,B-PSU.:
	4.2.8.1 ,STShareMLP-b. designates the steam turbine share of the minimum loading point region;
	4.2.8.2 ,STShareDR-b. designates the steam turbine share of the dispatchable region;
	4.2.8.3 ,RampCT-b,w. designates the quantity of energy injected 𝑤 hours before the pseudo-unit reaches its minimum loading point that is attributed to the combustion turbine for w ∈ {1 , . . , ,RampHrs-b.}; and
	4.2.8.4 ,RampST-b,w. designates the quantity of energy injected 𝑤 hours before the pseudo-unit reaches its minimum loading point that is attributed to the steam turbine for w ∈ {1, . . ,, RampHrs-b.}.

	4.2.9 With respect to a dispatchable load identified by bus b  ∈ ,B-DL.:
	4.2.9.1 ,QDL-h,b,j. designates the maximum incremental quantity of energy that may be scheduled in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,b-E.;
	4.2.9.2 ,PDL-h,b,j. designates the price for the maximum incremental quantity of energy in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,b-E.;
	4.2.9.3 ,Q10SDL-h,b,j. designates the maximum incremental quantity of synchronized ten-minute operating reserve that may be scheduled in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,b-10S.;
	4.2.9.4 ,P10SDL-h,b,j. designates the price for the maximum incremental quantity of synchronized ten-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,b-10S.;
	4.2.9.5 ,Q10NDL-h,b,j. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve that may be scheduled in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,b-10N.;
	4.2.9.6 ,P10NDL-h,b,j. 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-h,b-10N.;
	4.2.9.7 ,Q30RDL-h,b,j. designates the maximum incremental quantity of thirty-minute operating reserve that may be scheduled in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,b-30R.;
	4.2.9.8 ,P30RDL-h,b,j. designates the price for the maximum incremental quantity of thirty-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,b-30R.;
	4.2.9.9 ,ORRDL-b. designates the operating reserve ramp rate in MW per minute for reductions in load consumption;
	4.2.9.10 ,NumRRDL-h,b. designates the number of ramp rates provided in hour h∈{1, . . ,24};
	4.2.9.11 ,RmpRngMaxDL-h,b,w. for w ∈ {1,..,,𝑁𝑢𝑚𝑅𝑅𝐷𝐿-ℎ,𝑏.} designates the wth ramp rate break point in hour h∈{1, . . ,24};
	4.2.9.12 ,URRDL-h,b,w. for w ∈ {1,..,,𝑁𝑢𝑚𝑅𝑅𝐷𝐿-ℎ,𝑏.} designates the maximum 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 ,Rmp...
	4.2.9.13 ,DRRDL-h,b,w. for w ∈ {1,..,,𝑁𝑢𝑚𝑅𝑅𝐷𝐿-ℎ,𝑏.} designates the maximum 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 ,𝑅...
	4.2.9.14 ,QDLFIRM-h,b. designates the quantity of energy that is bid at the maximum market clearing price in hourh∈{1, . . ,24}.

	4.2.10 With respect to an hourly demand response resource identified by bus b ∈ ,B-HDR.:
	4.2.10.1 ,QHDR-h,b,j. designates the maximum incremental quantity of reduction in energy consumption that may be scheduled in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,b-E.;
	4.2.10.2 ,PHDR-h,b,j. designates the price for the maximum incremental quantity of reduction in energy consumption for hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,b-E.;
	4.2.10.3 ,URRHDR-b. designates the maximum rate in MW per minute at which the hourly demand response resource can decrease its amount of energy consumption; and
	4.2.10.4 ,DRRHDR-b. designates the maximum rate in MW per minute at which the hourly demand response resource can increase its amount of energy consumption.

	4.2.11 With respect to a price responsive load identified by bus b ∈ ,B-PRL.:
	4.2.11.1 ,QPRL-h,b,j. designates the maximum incremental quantity of energy that may be scheduled in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,b-E.;
	4.2.11.2 ,PPRL-h,b,j. designates the price for the maximum incremental quantity of energy in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,b-E.; and
	4.2.11.3 ,QPRLFIRM-h,b. designates the quantity of energy that is bid at MMCP in hour h∈{1, . . ,24}.

	4.2.12 With respect to a virtual transaction:
	4.2.12.1 ,QVB-h,v,j. designates the maximum incremental quantity of energy that may be scheduled in hour h∈{1, . . ,24} from a virtual zonal resource v ∈ VB  in association with bid lamination j ∈ ,J-h,v-E.;
	4.2.12.2 ,PVB-h,v,j. 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 ∈ ,J-h,v-E.;
	4.2.12.3 ,QVO-h,v,k. designates the maximum incremental quantity of energy that may be scheduled in hour h∈{1, . . ,24} from a virtual zonal resource v ∈ VO  in association with offer lamination k ∈ ,K-h,v-E.; and
	4.2.12.4 ,PVO-h,v,k. designates the price for the maximum incremental quantity of energy in hour h∈{1, . . ,24} from a virtual zonal resource v ∈ VO  in association with offer lamination k ∈ ,K-h,v-E..

	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:
	4.2.13.1 ,QIG-h,d,k. designates the maximum incremental quantity of energy that may be scheduled to import in hour h∈{1, . . ,24} in association with offer lamination k ∈ ,K-h,d-E.;
	4.2.13.2 ,PIG-h,d,k. designates the price for the maximum incremental quantity of energy that may be scheduled to import in hour h∈{1, . . ,24} in association with offer lamination k ∈ ,K-h,d-E.;
	4.2.13.3 ,Q10NIG-h,d,k. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve that may be scheduled to provide in hour h∈{1, . . ,24} in association with offer lamination k ∈ ,K-h,d-10N.;
	4.2.13.4 ,P10NIG-h,d,k. 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-h,d-10N.;
	4.2.13.5 ,Q30RIG-h,d,k. designates the the maximum incremental quantity of thirty-minute operating reserve that may be scheduled to provide in hour h∈{1, . . ,24} in association with offer lamination k ∈ ,K-h,d-30R.; and
	4.2.13.6 ,𝑃30𝑅𝐼𝐺-ℎ,𝑑,𝑘. designates the price for the maximum incremental quantity of thirty-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination k ∈ ,K-h,d-30R..

	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:
	4.2.14.1 ,QXL-h,d,j. designates the maximum incremental quantity of energy that may be scheduled to export in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,d-E.;
	4.2.14.2 ,PXL-h,d,j. designates the price for the maximum incremental quantity of energy that may be scheduled to export in hour h∈{1, . . ,24} in association with bid lamination j ∈ ,J-h,d-E.;
	4.2.14.3 ,Q10NXL-h,d,j. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve that may be scheduled to provide in hour h∈{1, . . ,24} in association with offer lamination 𝑗∈,𝐽-ℎ,𝑑-10𝑁.;
	4.2.14.4 ,P10NXL-h,d,j. 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-h,d-10N.;
	4.2.14.5 ,Q30RXL-h,d,j. designates the maximum incremental quantity of thirty-minute operating reserve that may be scheduled to provide in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,d-30R.; and
	4.2.14.6 ,P30RXL-h,d,j. designates the price for the maximum incremental quantity of thirty-minute operating reserve in hour h∈{1, . . ,24} in association with offer lamination j ∈ ,J-h,d-30R..

	4.2.15 With respect to a wheeling through transaction:
	4.2.15.1 ,L-h. ⊆ DX × DI designates the set of linked boundary entity resource import and export buses corresponding to wheeling through transactions, where ,𝐿-ℎ. is a set with elements of the form (𝑑𝑥, 𝑑𝑖) and dx ∈ DX and di ∈ DI.


	4.3 IESO Data Parameters
	4.3.1 Variable Generation Forecast
	4.3.1.1 ,FG-h,b. designates the IESO’s centralized variable generation forecast for a variable generation resource identified by bus b ∈ ,B-VG. in hour h ∈ {1,..,24}.

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

	4.3.3 Operating Reserve Requirements
	4.3.3.1 ,TOT10S-h. designates the synchronized ten-minute operating reserve requirement;
	4.3.3.2 ,TOT10R-h. designates the total ten-minute operating reserve requirement;
	4.3.3.3 ,TOT30R-h. designates the thirty-minute operating reserve requirement;
	4.3.3.4 ORREG designates the set of regions for which regional operating reserve limits have been defined;
	4.3.3.5 ,REGMin10R-h,r. designates the minimum requirement for total ten-minute operating reserve in region r ∈ ORREG in hour h∈{1, . . ,24};
	4.3.3.6 ,REGMin30R-h,r. designates the minimum requirement for thirty-minute operating reserve in region r ∈ ORREG in hour h∈{1, . . ,24};
	4.3.3.7 ,REGMax10R-h,r. designates the maximum amount of total ten-minute operating reserve that may be scheduled in region r∈ORREG in hour h∈{1, . . ,24}; and
	4.3.3.8 ,𝑅𝐸𝐺𝑀𝑎𝑥30𝑅-ℎ,𝑟. designates the maximum amount of thirty-minute operating reserve that may be scheduled in region r∈ORREG in hour h∈{1, . . ,24}.

	4.3.4 Intertie Limits
	4.3.4.1 ,EnCoeff-a,z. 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 ∈ ,Z-Sch.. A coefficient of +1 shall descri...
	4.3.4.2 ,MaxExtSch-h,z. designates the maximum flow limit for intertie flow constraint z ∈ ,Z-Sch.in hour h∈{1, . . ,24};
	4.3.4.3 ,ExtDSC-h. designates the net interchange scheduling limit for when the net flows over all interties from hour (h−1) to hour ℎ decrease; and
	4.3.4.4 ,ExtUSC-h. designates the  net interchange scheduling limit for when the net flows over all interties from hour (h−1) to hour ℎ increase.

	4.3.5 Resource Minimum and Maximum Constraints
	4.3.5.1 Where applicable the minimum or maximum output of a dispatchable generation resource or a non-dispatchtable generation resource and minimum or maximum consumption of a dispatchable load may be limited due to reliability constraints, applicable...
	4.3.5.1.1 ,𝑀𝑖𝑛𝐷𝐿-ℎ,𝑏. designates the most restrictive minimum consumption limit for the dispatchable load in hour ℎ at bus b∈,B-DL.;
	4.3.5.1.2 ,MaxDL-h,b. designates the most restrictive maximum consumption limit for the dispatchable load in hour ℎ at bus b ∈ ,B-DL.;
	4.3.5.1.3 ,MinNDG-h,b. designates the most restrictive minimum output limit for the non-dispatchable generation resource in hour ℎ at bus b ∈ ,B-NDG.;
	4.3.5.1.4 ,MaxNDG-h,b. designates the most restrictive maximum output limit for the non-dispatchable generation resource in hour ℎ at bus b ∈ ,B-NDG.;
	4.3.5.1.5 ,MinDG-h,b. designates the most restrictive minimum output limit for the dispatchable generation resource in hour ℎ at bus b ∈ ,B-DG.;
	4.3.5.1.6 ,MaxDG-h,b. designates the most restrictive maximum output limit for the dispatchable generation resource in hour ℎ at bus b ∈ ,B-DG.;
	4.3.5.1.7 ,MaxMLP-h,b. designates the maximum output limit in hour ℎ for the minimum loading point region of a pseudo-unit at bus b ∈ ,B-PSU.;
	4.3.5.1.8 ,MaxDR-h,b. designates the maximum output limit in hour ℎ for the dispatchable region of a pseudo-unit at bus b ∈ ,B-PSU.; and
	4.3.5.1.9 ,MaxDF-h,b. designates the maximum output limit in hour ℎ for the duct firing region of a pseudo-unit at bus b ∈ ,B-PSU..

	4.3.6 Constraint Violation Penalties
	4.3.6.1 (,PLdViolSch-h,i.,,QLdViolSch-h,i.) for i∈{1, . . , ,N-,LdViol-h..} 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 ...
	4.3.6.2 (,PLdViolPrc-h,i.,,QLdViolPrc-h,i.) for i∈{1, . . , ,N-,LdViol-h..} designate the price-quantity segments of the penalty curve for under generation used by the As-Offered Pricing algorithm in section 9, Reference Level Pricing algorithm in sec...
	4.3.6.3 (,PGenViolSch-h,i.,,QGenViolSch-h,i.) for i∈{1, . . , ,N-,GenViol-h..} 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 algorith...
	4.3.6.4 (,PGenViolPrc-h,i.,,QGenViolPrc-h,i.)  for i∈{1, . . , ,N-,GenViol-h..} 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 ...
	4.3.6.5 (,P10SViolSch-h,i.,,Q10SViolSch-h,i.) for i∈{1, . . , ,N-,10SViol-h..} designate the price-quantity segments of the penalty curve for the synchronized ten-minute operating reserve requirement used by the As-Offered Scheduling algorithm in sect...
	4.3.6.6 (,P10SViolPrc-h,i.,,Q10SViolPrc-h,i.) for i∈{1, . . , ,N-,10SViol-h..} 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...
	4.3.6.7 (,P10RViolSch-h,i.,,Q10RViolSch-h,i.) for i∈{1, . . , ,N-,10RViol-h..} 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, ...
	4.3.6.8 (,P10RViolPrc-h,i.,,Q10RViolPrc-h,i.) for i∈{1, . . , ,N-,10RViol-h..} 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, Ref...
	4.3.6.9 (,P30RViolSch-h,i.,,Q30RViolSch-h,i.) for i∈{1, . . ,,N-,30RViol-h..} designate the price-quantity segments of the penalty curve for the total thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve ...
	4.3.6.10 (,P30RViolPrc-h,i.,,Q30RViolPrc-h,i.) for i∈{1, . . ,,N-,30RViol-h..} designate the price-quantity segments of the penalty curve for the total thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve...
	4.3.6.11 (,PREG10RViolSch-h,i.,,QREG10RViolSch-h,i.) for i∈{1, . . ,,N-,REG10RViol-h..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve minimum requirements used by the As-Offered Scheduling algor...
	4.3.6.12 (,PREG10RViolPrc-h,i.,,QREG10RViolPrc-h,i.) for i∈{1, . . ,,N-,REG10RViol-h..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve minimum requirements used by the As-Offered Pricing algorith...
	4.3.6.13 (,PREG30RViolSch-h,i.,,QREG30RViolSch-h,i.) for i∈{1, . . , ,N-,REG30RViol-h..} designate the price-quantity segments of the penalty curve for area thirty-minute operating reserve minimum requirements used by the As-Offered Scheduling algorit...
	4.3.6.14 (,PREG30RViolPrc-h,i.,,QREG30RViolPrc-h,i.) for i∈{1, . . , ,N-,REG30RViol-h..} designate the price-quantity segments of the penalty curve for area thirty-minute operating reserve minimum requirements used by the As-Offered Pricing algorithm ...
	4.3.6.15 (,PXREG10RViolSch-h,i.,,QXREG10RViolSch-h,i.) for i ∈ {1, . . ,  ,N-,XREG10RViol-h..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve maximum restrictions used by the As-Offered Schedulin...
	4.3.6.16 (,PXREG10RViolPrc-h,i.,,QXREG10RViolPrc-h,i.) for i∈{1, . . ,,N-,XREG10RViol-h..} designate the price-quantity segments of the penalty curve for area total ten-minute operating reserve maximum restrictions used by the As-Offered Pricing algor...
	4.3.6.17 (,PXREG30RViolSch-h,i.,,QXREG30RViolSch-h,i.) for i∈{1, . . , ,N-,XREG30RViol-h..} designate the price-quantity segments of the penalty curve for area total thirty-minute operating reserve maximum restrictions used by the As-Offered Schedulin...
	4.3.6.18 (,PXREG30RViolPrc-h,i.,,QXREG30RViolPrc-h,i.) for i ∈ {1, . . ,  ,N-,XREG30RViol-h..} designate the price-quantity segments of the penalty curve for area total thirty-minute operating reserve maximum restrictions used by the As-Offered Pricin...
	4.3.6.19 (,PPreITLViolSch-f,h,i., ,QPreITLViolSch-f,h,i.) for i∈{1, . . ,,N-,PreITLViol-f,h..} designate the price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the transmission constraint for facility f ∈ F used by...
	4.3.6.20 (,PPreITLViolPrc-f,h,i., ,QPreITLViolPrc-f,h,i.) for i∈{1, . . ,,N-,PreITLViol-f,h..} designate the price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the transmission constraint for facility f ∈ F used by...
	4.3.6.21 (,PITLViolSch-c,f,h,i., ,QITLViolSch-c,f,h,i.) for i∈{1, . . ,,N-,ITLViol-c,f,h..} designate the price-quantity segments of the penalty curve for exceeding the contingency c ∈ C post-contingency limit of the transmission constraint for facili...
	4.3.6.22 (,PITLViolPrc-c,f,h,i., ,QITLViolPrc-c,f,h,i.) for i∈{1, . . ,,N-,ITLViol-c,f,h..} designate the price-quantity segments of the penalty curve for exceeding the contingency c ∈ C post-contingency limit of the transmission constraint for facili...
	4.3.6.23 (,PPreXTLViolSch-z,h,i., ,QPreXTLViolSch-z,h,i.) for i∈{1, . . ,,N-,PreXTLViol-z,h..} designate the price-quantity segments of the penalty curve for exceeding the flow limit specified by z ∈ ,Z-Sch. used by the As-Offered Scheduling algorithm...
	4.3.6.24 (,PPreXTLViolPrc-z,h,i., ,QPreXTLViolPrc-z,h,i.) for i∈{1, . . ,,N-,PreXTLViol-z,h..} designate the price-quantity segments of the penalty curve for exceeding the flow limit specified by z ∈ ,Z-Sch. used by the As-Offered Pricing algorithm in...
	4.3.6.25 (,PNIUViolSch-h,i.,,QNIUViolSch-h,i.) for 𝑖 ∈{1,..,,N-,NIUViol-h..} 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 Sche...
	4.3.6.26 (,PNIUViolPrc-h,i.,,QNIUViolPrc-h,i.) for 𝑖 ∈{1,..,,𝑁-,𝑁𝐼𝑈𝑉𝑖𝑜𝑙-ℎ..} 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-Offe...
	4.3.6.27 (,PNIDViolSch-h,i.,,QNIDViolSch-h,i.) for 𝑖 ∈{1,..,,N-,NIDViol-h..} 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 Sche...
	4.3.6.28 (,PNIDViolPrc-h,i.,,QNIDViolPrc-h,i.) for 𝑖 ∈{1,..,,N-,NIDViol-h..} 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 Pric...
	4.3.6.29 (,PMaxDelViolSch-h,i.,,QMaxDelViolSch-h,i.) for i ∈ {1, . . ,,N-,MaxDelViol-h..} 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 secti...
	4.3.6.30 (,PMaxDelViolPrc-h,i.,,QMaxDelViolPrc-h,i.) for i  ∈ {1, . . ,,N-,MaxDelViol-h..} 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 sec...
	4.3.6.31 (,PMinDelViolSch-h,i.,,QMinDelViolSch-h,i.) for i  ∈ {1, . . ,,N-,MinDelViol-h..} 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 algori...
	4.3.6.32 (,PMinDelViolPrc-h,i.,,QMinDelViolPrc-h,i.) for i ∈{1, . . ,,N-,MinDelViol-h..} 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 i...
	4.3.6.33 (,PSMaxDelViolSch-h,i.,,QSMaxDelViolSch-h,i.) for i  ∈{1, . . ,,N-S,MaxDelViol-h..} 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 se...
	4.3.6.34 (,PSMaxDelViolPrc-h,i.,,QSMaxDelViolPrc-h,i.) for i ∈{1, . . ,,𝑁-,𝑀𝑎𝑥𝐷𝑒𝑙𝑉𝑖𝑜𝑙-ℎ..} designate the price-quantity segments of the penalty curve for exceeding a shared maximum daily energy limit used by the As-Offered Pricing algorithm...
	4.3.6.35 (,𝑃𝑆𝑀𝑖𝑛𝐷𝑒𝑙𝑉𝑖𝑜𝑙𝑆𝑐ℎ-ℎ,𝑖.,,𝑄𝑆𝑀𝑖𝑛𝐷𝑒𝑙𝑉𝑖𝑜𝑙𝑆𝑐ℎ-ℎ,𝑖.) for i ∈{1, . . ,,N-S,MinDelViol-h..} designate the price-quantity segments of the penalty curve for under-scheduling a shared minimum daily energy limit used by the A...
	4.3.6.36 (,PSMinDelViolPrc-h,i.,,QSMinDelViolPrc-h,i.) for i ∈{1, . . ,,N-,SMinDelViol-h..} 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...
	4.3.6.37 (,POGenLnkViolSch-h,i.,,QOGenLnkViolSch-h,i.) for i ∈{1, . . ,,N-,OGenLnkViol-h..} 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 ...
	4.3.6.38 (,𝑃𝑈𝐺𝑒𝑛𝐿𝑛𝑘𝑉𝑖𝑜𝑙𝑆𝑐ℎ-ℎ,𝑖.,,𝑄𝑈𝐺𝑒𝑛𝐿𝑛𝑘𝑉𝑖𝑜𝑙𝑆𝑐ℎ-ℎ,𝑖.) for i ∈{1, . . ,,N-,UGenLnkViol-h..} designate the price-quantity segments of the penalty curve for under generation on a downstream resource used by the As-Offered S...
	4.3.6.39 NISLPen designates the net interchange scheduling limit constraint violation penalty price for locational marginal pricing.

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

	4.3.8 Ex-ante Market Power Mitigation
	4.3.8.1 BCACondThresh designates the threshold for the congestion component of a resource’s locational marginal price for energy and is equal to $25/MWh;
	4.3.8.2 IBPThresh designates the intertie border price threshold for energy and is equal to $100/MWh;
	4.3.8.3 ORGCondThresh designates the global market power condition threshold for a resource’s locational marginal price for operating reserve and is equal to $15/MW;
	4.3.8.4 ,PDGRef-h,b,k'. designates the reference level value for energy lamination 𝑘′∈,𝐾-ℎ,𝑏-′𝐸. for the resource at bus 𝑏∈,𝐵-𝐷𝐺. in hour ℎ∈,1,..,24.;
	4.3.8.5 ,P10SDGRef-h,b,k'. designates the reference level value for synchronized ten-minute operating reserve lamination k' ∈ ,K'-h,b-10S. for the resource at bus b ∈ ,B-DG. in hour ℎ∈,1,..,24.;
	4.3.8.6 ,P10NDGRef-h,b,k'. designates the reference level value for non-synchronized ten-minute operating reserve lamination k' ∈ ,K-h,b-'10N. for the resource at bus b ∈ ,B-DG. in hour ℎ∈,1,..,24.;
	4.3.8.7 ,P30RDGRef-h,b,k'. designates the reference level value for thirty-minute operating reserve lamination k' ∈ ,K-h,b-'30R. for the resource at bus b ∈ ,B-DG. in hour ℎ∈,1,..,24.;
	4.3.8.8 ,P10SDLRef-h,b,j'. designates the reference level value for synchronized ten-minute operating reserve lamination j' ∈ ,J-h,b-'10S. for the resource at bus b ∈ ,B-DL. in hour ℎ∈,1,..,24.;
	4.3.8.9 ,P10NDLRef-h,b,j'. designates the reference level value for non-synchronized ten-minute operating reserve lamination j' ∈ ,J-h,b-'10N. for the resource at bus b ∈ ,B-DL. in hour ℎ∈,1,..,24.;
	4.3.8.10 ,P30RDLRef-h,b,j'. designates the reference level value for thirty-minute operating reserve lamination j' ∈ ,J-h,b-'30R. for the resource at bus 𝑏∈,𝐵-𝐷𝐺. in hour ℎ∈,1,..,24.
	4.3.8.11 ,SUDGRef-h,b. designates the reference level value for the start-up offer for the resource at bus b ∈ ,B-NQS. in hour ℎ∈,1,..,24.;
	4.3.8.12 ,SNLRef-h,b. designates the reference level value for the speed no-load offer for the resource at bus b ∈ ,B-NQS. in hour ℎ∈,1,..,24.;
	4.3.8.13 ,PLTMLPRef-h,b,k'. designates the reference level value for the energy up to the minimum loading point reference level lamination k' ∈ ,K-h,b-'LTMLP. of the offer for the resource at bus b ∈, B-DG. in hour ℎ∈,1,..,24.;
	4.3.8.14 ,CTEnThresh1-NCA. designates the conduct threshold for a resource in a narrow constrained area as a percent increase above the reference level value of the energy offer for the resource and is equal to 50%;
	4.3.8.15 ,CTEnThresh2-NCA. designates the conduct threshold for a resource in a narrow constrained area as a $/MWh increase above the reference level value of the energy offer for the resource and is equal to $25/MWh;
	4.3.8.16 ,CTSUThresh-NCA. 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%;
	4.3.8.17 ,CTSNLThresh-NCA. designates the conduct threshold for a resource in a narrow constrained area as a percent increase above the reference level value of the speed no-load offer for the resource and is equal to 25%;
	4.3.8.18 ,CTEnThresh1-DCA. 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 ,CTEnThresh2-DCA. 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;
	4.3.8.20 ,CTSUThresh-DCA.  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%;
	4.3.8.21 ,CTSNLThresh-DCA.  designates the conduct threshold for a resource in a dynamic constrained area as a percent increase above the reference level value of the speed no-load offer for the resource and is equal to 25%;
	4.3.8.22 ,CTEnThresh1-BCA.  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 200 300%;
	4.3.8.23 ,CTEnThresh2-BCA.  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;
	4.3.8.24 ,CTSUThresh-BCA.  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%;
	4.3.8.25 ,CTSNLThresh-BCA.  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%;
	4.3.8.26 ,CTEnThresh1-GMP. 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%;
	4.3.8.27 ,CTEnThresh2-GMP.  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;
	4.3.8.28 ,CTSUThresh-GMP.  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%;
	4.3.8.29 ,CTSNLThresh-GMP. 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%;
	4.3.8.30 ,CTORThresh1-ORL. 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%;
	4.3.8.31 ,CTORThresh2-ORL.  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;
	4.3.8.32 ,CTEnThresh1-ORL. designates the local marketr power conduct threershold 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 ...
	4.3.8.33 ,CTEnThresh2-ORL. designates the local maket power conduct threshold for energy to minimum loading point conduct threshold for a resource as a $/MW increase above the reference level value of the energy for energy up to the minimum loading po...
	4.3.8.34 ,CTSUThresh-ORL.  designates the local market power conduct threshold for a resource as a percent increase above the reference level value of the start-up offer for the resource and is equal to 10%;
	4.3.8.35 ,CTSNLThresh-ORL. designates the local market power conduct threshold for a resource as a percent increase above the reference level value of the speed no-load offer for the resource and is equal to 10%;
	4.3.8.36 ,CTORThresh1-ORG. designates the global market power conduct threshold for a resource as a percent increase above the reference level value of the operating reserve offer for the resource and is equal to 50%;
	4.3.8.37 ,CTORThresh2-ORG. designates the global market power conduct threshold for a resource as a $/MW increase above the reference level value of the operating reserve offer for the resource and is equal to $25/MW;
	4.3.8.38 ,CTEnThresh1-ORG.  designates the global market power conduct thereshold 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...
	4.3.8.39 ,CTEnThresh2-ORG. designates the global market power conduct thereshold 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 reso...
	4.3.8.40 ,CTSUThresh-ORG.  designates the global market power conduct threshold for a resource as a percent increase above the reference level value of the start-up offer for the resource and is equal to 25%;
	4.3.8.41 ,CTSNLThresh-ORG.  designates the global market power conduct threshold for a resource as a percent increase above the reference level value of the speed no-load offer for the resource and is equal to 25%;
	4.3.8.42 CTEnMinOffer designates the minimum price for the offer lamination for energy to be included in the Conduct Test. Offer laminations for energy below this value are excluded from the Conduct Test and is equal to $25/MWh;
	4.3.8.43 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;
	4.3.8.44 ,ITThresh1-NCA. designates the price impact threshold for a resource in a narrow constrained area as a percent increase in the energy locational marginal price output from section 9 above the energy locational marginal price output from secti...
	4.3.8.45 ,ITThresh2-NCA.  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 sectio...
	4.3.8.46 ,ITThresh1-DCA.  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 sec...
	4.3.8.47 ,ITThresh2-DCA. 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 sectio...
	4.3.8.48 ,ITThresh1-BCA.  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 secti...
	4.3.8.49 ,ITThresh2-BCA.  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...
	4.3.8.50 ,ITThresh1-GMP. 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...
	4.3.8.51 ,ITThresh2-GMP.  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 ...
	4.3.8.52 ,ITThresh1-ORG.  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 out...
	4.3.8.53 ,ITThresh2-ORG. designates the global market power price impact threshold for a resource as a $/MW increase in the operating reserve locational marginal price output from section 9 above the operating reserve locational marginal price output ...

	4.3.9 Weighting Factors for Zonal Prices
	4.3.9.1 ,𝑊𝐹-ℎ,𝑚,𝑏-𝑉𝐼𝑅𝑇. designates the weighting factor for bus 𝑏∈ ,𝐿-𝑚-𝑉𝐼𝑅𝑇. used to calculate the price for virtual transaction zone 𝑚∈𝑀 for hour h∈{1, . . ,24};
	4.3.9.2 ,𝑊𝐹-ℎ,𝑦,𝑏-𝑁𝐷𝐿. designates the weighting factor for bus 𝑏∈ ,𝐿-𝑦-𝑁𝐷𝐿. used to calculate the price for non-dispatchable load zone 𝑦∈𝑌 for hour h ∈ {1, . . , 24}; and
	4.3.9.3 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 z...


	4.4 Other Data Parameters
	4.4.1 Non-Dispatchable Demand Forecast
	4.4.1.1 ,𝐴𝐹𝐿-ℎ. designates the average province-wide non-dispatchable demand forecast for hour h ∈ {1, . . , 24} calculated by the security assessment function; and
	4.4.1.2 ,𝑃𝐹𝐿-ℎ. designates the peak province-wide non-dispatchable demand forecast for hour h ∈ {1, . . , 24} calculated by the security assessment function.

	4.4.2 Variable Generation
	4.4.2.1 ,𝐴𝐹𝐺-ℎ,𝑏. designates the alternative forecast for a variable generation resource identified by bus b ∈ ,B-VG. in hour h ∈ {1, . . , 24}, which is either the registered market participant-submitted forecast or the IESO’s centralized forecast.

	4.4.3 Internal Transmission Constraints
	4.4.3.1 ,𝑃𝑟𝑒𝐶𝑜𝑛𝑆𝐹-ℎ,𝑓,𝑏. designates the pre-contingency sensitivity factor for bus b∈B∪D indicating the fraction of energy injected at bus 𝑏 which flows on facility 𝑓 during hour ℎ under pre-contingency conditions;
	4.4.3.2 V,PreConSF-h,f,m. designates the pre-contingency sensitivity factor for virtual transaction zone 𝑚∈𝑀 indicating the effect of scheduled energy at 𝑚 to flows on facility 𝑓∈,𝐹-ℎ. in hour ℎ under pre-contingency conditions. It shall be deter...
	4.4.3.3 ,AdjNormMaxFlow-h,f. designates the limit corresponding to the maximum flow allowed on facility 𝑓 in hour ℎ under pre-contingency conditions;
	4.4.3.4 ,SF-h,c,f,b. designates the post-contingency sensitivity factor for bus b ∈ B ∪ D indicating the fraction of energy injected at bus 𝑏 which flows on facility 𝑓 during hour ℎ under post-contingency conditions for contingency 𝑐;
	4.4.3.5 V,SF-h,c,f,m. designates the post-contingency sensitivity factor for virtual transaction zone 𝑚∈𝑀 indicating the effect of scheduled energy at 𝑚 to flows on facility f ∈ ,F-h,c. in hour ℎ under post-contingency conditions for contingency 𝑐...
	4.4.3.6 ,AdjEmMaxFlow-h,c,f. designates the limit corresponding to the maximum flow allowed on facility f in hour ℎ under post-contingency conditions for contingency c.

	4.4.4 Transmission Losses
	4.4.4.1 ,LossAdj-h. designates any adjustment needed for hour h ∈ {1, . . , 24} to correct for any discrepancy between Ontario total system losses calculated using a base case power flow from the security assessment function and linearized losses that...
	4.4.4.2 ,MglLoss-h,b. 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∈B∪𝐷 in hour h ∈ {1...
	4.4.4.3 ,VMglLoss-h,m. designates the marginal loss factor for virtual transaction zone 𝑚∈𝑀 in hour h ∈ {1, . . , 24}. It shall be determined as the weighted average of the marginal loss factors for non-dispatchable loads, dispatchable loads, hourly...



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

	5.3 Islanding Conditions
	5.3.1 In the event of a network split, the day-ahead market calculation engine shall:
	5.3.1.1 only evaluate resources that are within the main island;
	5.3.1.2 use only forecasts of demand forecast areas in the main island; and
	5.3.1.3 use a bus within the main island in place of the reference bus if the reference bus does not fall within the main island.


	5.4 Variable Generation Tie-Breaking
	5.4.1 For each hour h ∈ {1, . . , 24}, each variable generation resource bus b ∈ ,B-VG. and each offer lamination k∈,K-h,b-E., the offer price ,𝑃𝐷𝐺-ℎ,𝑏,𝑘. shall be modified to ,PDG-h,b,k.−,,,TBM-b.-NumVG..ρ, where 𝜌 is a small nominal value of o...

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

	5.6 Initial Scheduling Assumptions
	5.6.1 Initial Schedules
	5.6.1.1 The following parameters designate the initial energy schedules used for hour 0 in the optimization of the next dispatch day and shall be based on the hour ending 24 schedules of the most recent execution of the pre-dispatch calculation engine...
	5.6.1.1.1 ,SDL-0,b,j., which designates the amount of energy that a dispatchable load is scheduled to consume at bus 𝑏∈,𝐵-𝐷𝐿.;
	5.6.1.1.2 ,SHDR-0,b,j., which designates the amount of energy an hourly demand response resource is scheduled to reduce consumption at bus 𝑏∈,𝐵-𝐻𝐷𝑅.;
	5.6.1.1.3 ,SXL-0,d,j., which designates the amount of energy a boundary entity resource is scheduled to export  at bus d ∈ DX;
	5.6.1.1.4 ,SDG-0,b,k., which designates the amount of energy that a dispatchable generation resource is scheduled to provide at bus 𝑏∈,𝐵-𝐷𝐺.;
	5.6.1.1.5 ,SCT-0,b., which designates the schedule of the combustion turbine associated with the pseudo-unit at bus 𝑏∈,𝐵-𝑃𝑆𝑈.;
	5.6.1.1.6 ,SST-0,p., which designates the schedule of steam turbine p ∈ PST ;
	5.6.1.1.7 ,SIG-0,d,k., 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 ,ODG-0,b., which designates whether the dispatchable generation resource at bus b ∈ ,B-NQS. has been scheduled at or above its minimum loading point;
	5.6.2.2 ,InitOperHrs-b., which designates the number of consecutive hours at the end of previous day for which the resource at bus b ∈ ,B-NQS. was scheduled to operate at or above its minimum loading point. For resources with ,ODG-0,b. = 0 , ,InitOper...

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



	6 Security Assessment Function
	6.1 Interaction between the Security Assessment Function and Optimization Functions
	6.1.1 The scheduling and pricing algorithms of the day-ahead market calculation engine shall perform multiple iterations of the optimization functions and the security assessment function to check for violations of monitored thermal limits and operati...
	6.1.2 As multiple iterations are performed, the transmission constraints produced by the security assessment function shall be used by the optimization functions.
	6.1.3 All three passes of the day-ahead market calculation engine shall use the security assessment function.
	6.1.4 The security assessment function shall use the physical resource representation of combined cycle facilities that are registered as pseudo-units.

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

	6.2.2 The security assessment function shall also use the following outputs of the optimization functions in Pass 1 and Pass 3:
	6.2.2.1 the schedules for dispatchable loads, hourly demand response resources, and price responsive loads;
	6.2.2.2 the schedules for non-dispatchable generation resources and dispatchable generation resources;
	6.2.2.3 the schedules for boundary entity resources at each intertie zone; and
	6.2.2.4 the net schedules for virtual transactions for each virtual transaction zone.

	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 h, ,AFL-h., as follows:
	6.3.1.1 determine forecast MW quantities for all load resources and losses using the IESO average demand forecasts for demand forecast areas, load distribution factors, the total of the bid quantities submitted for virtual hourly demand response resou...
	6.3.1.2 determine ,AFL-h. by adding the forecast MW quantities determined for each non-dispatchable load, including forecast MW losses in the demand forecast areas.

	6.3.2 In Pass 2 of the day-ahead market calculation engine, the security assessment function shall determine the peak province-wide non-dispatchable demand forecast for hour ℎ,,𝑃𝐹𝐿-ℎ., 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 resource...
	6.3.2.2 determine ,PFL-h. 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 dem...
	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 transacti...
	6.3.3.2 a non-dispatchable load shall be equal to its forecast MW quantity plus the amount allocated in the distribution of the net schedules for virtual transactions.

	6.3.4 The security assessment function shall perform the following calculations and analyses:
	6.3.4.1 A base case solution function shall prepare a power flow solution for each hour. The base case solution function shall select the power 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...
	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.
	6.3.4.4 Violated pre-contingency limits shall be linearized using pre-contingency sensitivity factors and incorporated as constraints for use by the optimization functions.
	6.3.4.5 If the linear DC power flow analysis is used, the pre-contingency security assessment may develop linear constraints to facilitate the convergence of the AC or non-linear DC power flow analysis in the subsequent iterations.
	6.3.4.6 A linear power flow analysis shall be used to simulate contingencies, calculate post-contingency flows and check all monitored equipment for limited-time thermal limit violations.
	6.3.4.7 Violated post-contingency limits shall be linearized using post-contingency sensitivity factors and incorporated as constraints for use by the optimization functions.
	6.3.4.8 The base case solution shall be used to calculate Ontario transmission system losses, marginal loss factors and loss adjustment for each hour. The impact of losses on branches between the resource bus and the resource connection point to the I...
	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 calcu...
	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 i...


	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 it...
	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:

	8 As-Offered Scheduling
	8.1 Purpose
	8.1.1 The As-Offered Scheduling algorithm shall perform a security-constrained unit commitment and economic dispatch to maximize gains from trade using dispatch data submitted by registered market participants to meet the IESO’s average province-wide ...

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

	8.3 Variables and Objective Function
	8.3.1 The As-Offered Scheduling algorithm shall solve for the following variables:
	8.3.1.1 ,SPRL-h,b,j., which designates the amount of energy that a price responsive load is scheduled to consume at bus b ∈ ,B-PRL. in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,b-E.;
	8.3.1.2 ,SDL-h,b,j. , which designates the amount of energy that a dispatchable load is scheduled to consume at bus b ∈ ,B-DL. in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,b-E.;
	8.3.1.3 ,S10SDL-h,b,j. , which designates the amount of synchronized ten-minute operating reserve that a dispatchable load is scheduled to provide at bus b ∈ ,B-DL. in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,b-10S.;
	8.3.1.4 ,S10NDL-h,b,j. , which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable load is scheduled to provide at bus b ∈, B-DL. in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,b-10N.;
	8.3.1.5 ,S30RDL-h,b,j. , which designates the amount of thirty-minute operating reserve that a dispatchable load is scheduled to provide at bus b ∈ ,B-DL. in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,b-30R.;
	8.3.1.6 ,SHDR-h,b,j. , which designates the amount of energy reduction scheduled for an hourly demand response resource at bus b ∈ ,B-HDR. in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,b-E.;
	8.3.1.7 ,SVB-h,v,j., which designates the amount of energy a virtual zonal resource 𝑣∈𝑉𝐵 is scheduled to consume in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,v-E.;
	8.3.1.8 ,SXL-h,d,j., which designates the amount of energy a boundary entity resource is scheduled to export  at bus d ∈ DX in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,d-E.;
	8.3.1.9 ,S10NXL-h,d,j., which designates the amount of non-synchronized ten-minute operating reserve scheduled that a boundary entity resource is scheduled to provide at bus d ∈ DX in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,d-10N.;
	8.3.1.10 ,S30RXL-h,d,j., which designates the amount of thirty-minute operating reserve scheduled that a boundary entity resource is scheduled to provide at bus d ∈ DX in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,d-30R.;
	8.3.1.11 ,SNDG-h,b,k., which designates the amount of energy that a non-dispatchable generation resource is scheduled to provide at bus b ∈ ,B-NDG. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-E.;
	8.3.1.12 ,SDG-h,b,k., which designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDG-b. at bus b ∈ ,B-DG. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E.;
	8.3.1.13 ,ODG-h,b., which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. has been scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24};
	8.3.1.14 ,IDG-h,b., which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. has been scheduled to reach its minimum loading point in hour h ∈ {1, . . , 24};
	8.3.1.15 ,S10SDG-h,b,k. , which designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-10S.;
	8.3.1.16 ,S10NDG-h,b,k., which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b...
	8.3.1.17 ,S30RDG-h,b,k., which designates the amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-30R.;
	8.3.1.18 ,SCT-h,b., which designates the schedule of the combustion turbine associated with the pseudo-unit at bus b ∈ ,B-PSU. in hour h ∈ {1, . . , 24};
	8.3.1.19 ,SST-h,p., which designates the schedule of steam turbine p ∈ PST in hour h ∈ {1, . . , 24};
	8.3.1.20 ,O10R-h,b., which designates whether the pseudo-unit at bus b ∈ ,B-NO10DF. has been scheduled for ten-minute operating reserve in hour h ∈ {1, . . , 24};
	8.3.1.21 ,OHO-h,b., which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-h,b. in hour h ∈ {1, . . , 24};
	8.3.1.22 ,OFR-h,b,i. for i∈{1, . . ,,NFor-b.}, which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or below ,ForL-b,i., or, at or above ,ForU-b,i. in hour h ∈ {1, . . , 24};
	8.3.1.23 ,IHE-h,b,i., which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. registered a start between hours (ℎ−1) and h ∈ {1, . . , 24} as a result of its schedule increasing from below ,StartMW-b,i. to at or a...
	8.3.1.24 ,SVO-h,v,k., which designates the amount of energy a virtual zonal resource v ∈ VO is scheduled to provide in hour h ∈ {1, . . , 24} in association with lamination 𝑘∈,𝐾-ℎ,𝑣-𝐸.;
	8.3.1.25 ,SIG-h,d,k. , which designates the amount of energy that a boundary entity resource is scheduled to import from intertie zone bus d ∈ DI in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,d-E.;
	8.3.1.26 ,S10NIG-h,d,k. , which designates the amount of non-synchronized ten-minute operating reserve that a boundary entity resource is scheduled to provide from intertie zone bus d ∈ DI in hour h ∈ {1, . . , 24} in association with lamination 𝑘∈,...
	8.3.1.27 ,S30RIG-h,d,k., which designates the amount of thirty-minute operating reserve that a boundary entity resource is scheduled to provide from intertie zone bus d ∈ DI in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,d-30R.;
	8.3.1.28 ,TB-h., which designates any adjustment to the objective function to facilitate pro-rata tie-breaking in hour h ∈ {1, . . , 24}, as described in section 8.3.2.1; and
	8.3.1.29 ,ViolCost-h., which designates the cost incurred in order to avoid having the schedules violate constraints for hour h ∈ {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:
	8.3.2.1 The tie-breaking term (,𝑇𝐵-ℎ.) 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 ...
	8.3.2.2 ,ViolCost-h. shall be calculated for hour h ∈ {1, . . , 24} using the following variables:
	8.3.2.2.1 ,SLdViol-h,i., which designates the violation variable associated with segment i ∈ {1, . . ,,N-,LdViol-h..} of the penalty curve for the energy balance constraint allowing under-generation;
	8.3.2.2.2 ,SGenViol-h,i., which designates the violation variable associated with segment i ∈ {1, . . ,,N-,GenViol-h..} of the penalty curve for the energy balance constraint allowing over-generation;
	8.3.2.2.3 ,S10SViol-h,i., which designates the violation variable associated with segment i ∈ {1, . . ,,N-,10SViol-h..} of the penalty curve for the synchronized ten-minute operating reserve requirement;
	8.3.2.2.4 ,S10RViol-h,i., which designates the violation variable associated with segment i ∈ {1, . . ,,N-,10RViol-h..} of the penalty curve for the total ten-minute operating reserve requirement;
	8.3.2.2.5 ,S30RViol-h,i., which designates the violation variable associated with segment i ∈ {1, . . , ,N-,30RViol-h..} of the penalty curve for the thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve r...
	8.3.2.2.6 ,SREG10RViol-r,h,i., which designates the violation variable associated with segment i ∈ {1, . . , ,N-,REG10RViol-h..} of the penalty curve for violating the area total ten-minute operating reserve minimum requirement in region r∈ORREG;
	8.3.2.2.7 ,SREG30RViol-r,h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,REG30RViol-h..} of the penalty curve for violating the area thirty-minute operating reserve minimum requirement in region r∈ORREG;
	8.3.2.2.8 ,SXREG10RViol-r,h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,XREG10RViol-h..} of the penalty curve for violating the area total ten-minute operating reserve maximum restriction in region r∈ORREG;
	8.3.2.2.9 ,SXREG30RViol-r,h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,XREG30RViol-h..} of the penalty curve for violating the area thirty-minute operating reserve maximum restriction in region r∈ORREG;
	8.3.2.2.10 ,SPreITLViol-f,h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,PreITLViol-f,h..} of the penalty curve for violating the pre-contingency transmission limit for facility f ∈ F;
	8.3.2.2.11 ,SITLViol-c,f,h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,ITLViol-c,f,h..} of the penalty curve for violating the post-contingency transmission limit for facility f ∈ F and contingency c ∈ C ;
	8.3.2.2.12 ,SPreXTLViol-z,h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,PreXTLViol-z,h..} of the penalty curve for violating the import/export limit associated with intertie limit constraint z ∈ ,Z-Sch.;
	8.3.2.2.13 ,SNIUViol-h,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,NIUViol-h..} of the penalty curve for exceeding the net interchange increase limit between hours (ℎ−1) and ℎ;
	8.3.2.2.14 ,SNIDViol-h,i., which designates the violation variable associated with segment i ∈ {1, . . , ,N-,NIDViol-h..} of the penalty curve for exceeding the net interchange decrease limit between hours (ℎ−1) and ℎ;
	8.3.2.2.15 ,SMaxDelViol-h,b,i., which designates the violation variable associated with segment i ∈ {1, . . , ,N-,MaxDelViol-h..} of the penalty curve for exceeding the maximum daily energy limit constraint for a resource at bus b ∈ ,B-ELR.;
	8.3.2.2.16 ,SMinDelViol-h,b,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,MinDelViol-h..} of the penalty curve for violating the minimum daily energy limit constraint for a resource at bus b ∈, B-HE.;
	8.3.2.2.17 ,SSMaxDelViol-h,s,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,SMaxDelViol-h..} of the penalty curve for exceeding the shared maximum daily energy limit constraint for dispatchable hydroelectric gen...
	8.3.2.2.18 ,SSMinDelViol-h,s,i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,SMinDelViol-h..} of the penalty curve for violating the shared minimum daily energy limit constraint for dispathable hydroelectric gene...
	8.3.2.2.19 ,SOGenLnkViol-,h,(b-1.,,b-2.),i. , which designates the violation variable associated with segment i ∈ {1, . . , ,N-,OGenLnkViol-h..} of the penalty curve for violating the linked dispatchable hydroelectric generation resources constraint b...
	8.3.2.2.20 ,SUGenLnkViol-,h,(b-1.,,b-2.),i., which designates the violation variable associated with segment i ∈ {1, . . , ,N-,UGenLnkViol-h..} of the penalty curve for violating the linked dispatchable hydroelectric generation resources constraint by...
	8.3.2.3 ,𝑉𝑖𝑜𝑙𝐶𝑜𝑠𝑡-ℎ. shall be calculated as follows:


	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
	8.5.1.1 A Boolean variable, ,ODG-h,b., shall indicate whether the resource at bus b ∈ ,B-DG. is committed in hour h ∈ {1, . . , 24}. A value of zero shall indicate that a resource is not committed, while a value of one shall indicate that it is commit...
	8.5.1.1.1 ,ODG-h,b. ∈ {0,1} for all hours h ∈ {1, . . , 24} and all buses b ∈ ,B-DG..
	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 If the dispatchable generation resource at bus b ∈ ,B-DG. is considered committed according to the requirements in sections 8.5.1.2, 8.5.1.3, and 8.5.1.4 in hour h ∈ {1, . . , 24}, then:
	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:
	8.5.1.7 Generation resources may be scheduled for energy and/or operating reserve only if ,𝑂𝐷𝐺-ℎ,𝑏.=1. Therefore, for all hours h ∈ {1, . . , 24}:

	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 h ∈ {1, . . ,24} and all buses b ∈ ,B-PRL.:
	8.5.2.2 A constraint shall limit schedules for dispatchable loads within their minimum and maximum consumption for an hour. For all hours h ∈ {1, . . , 24} and all buses b ∈ ,B-DL.:
	8.5.2.3 The non-dispatchable portion of dispatchable loads shall always be scheduled. For all hours h ∈ {1, . . , 24} and all buses b ∈ ,B-DL.:
	8.5.2.4 A constraint shall limit schedules for non-dispatchable generation resources within their minimum and maximum output for an hour. For all hours h ∈ {1, . . , 24} and all buses b ∈ ,B-NDG.:
	8.5.2.5 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:
	8.5.2.6 If the commitment status, ,ODG-h,b., of a dispatchable generation resource is equal to 1 and if this status is inconsistent with the adjusted minimum and maximum constraints, ,MinQDG-b. >, AdjMaxDG-h,b., then ,ODG-h,b. shall be changed to a va...
	8.5.2.7 If the total offered quantity does not exceed the minimum constraint for the resource, ,MinQDG-b. + ,,k∈K-h,b-E.-,QDG-h,b,k. .<, AdjMinDG-h,b., then the resource shall receive a schedule of zero.

	8.5.3 Off-Market Transactions
	8.5.3.1 For all hours h ∈ {1, . . , 24} and all intertie zone buses corresponding to an inadvertent energy payback export transaction d ∈ ,DX-h-INP.:
	8.5.3.2 For all hours h ∈ {1, . . , 24} and all intertie zone buses corresponding to an inadvertent energy payback import transaction d ∈ ,DI-h-INP.:
	8.5.3.3 For all hours h ∈ {1, . . , 24} and all intertie zone buses corresponding to an emergency energy export d ∈ ,DX-h-EM.:
	8.5.3.4 For all hours h ∈ {1, . . , 24} and all intertie zone buses corresponding to emergency energy import d ∈ ,DI-h-EM.:

	8.5.4 Operating Reserve Requirements
	8.5.4.1 The total synchronized ten-minute operating reserve, non-synchronized ten-minute operating reserve and thirty-minute operating reserve scheduled from a dispatchable load shall not exceed:
	8.5.4.1.1 the dispatchable load’s ramp capability over 30 minutes;
	8.5.4.1.2 the total scheduled load less the non-dispatchable portion; and
	8.5.4.1.3 the remaining portion of its capacity that is dispatchable after considering minimum load consumption constraints.
	These restrictions shall be enforced by the following constraints for all hours h ∈ {1, . . , 24} and all buses b ∈ ,𝐵-D𝐿.:
	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 ...
	8.5.4.3 The total non-synchronized ten-minute operating reserve and thirty-minute operating reserve scheduled for an hour shall not exceed total scheduled exports. This restriction shall be enforced by the following constraint for all hours h ∈ {1, . ...
	8.5.4.4 The total operating reserve scheduled from a committed dispatchable generation resource shall not exceed that resource’s: (i) ramp capability over 30 minutes; (ii) remaining capacity; and (iii) unscheduled capacity. These restrictions shall be...
	8.5.4.5 The amount of both synchronized and non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide shall not exceed the amount by which the resource can increase its output over 10 minutes, as lim...
	8.5.4.6 The amount of synchronized ten-minute operating reserve that a dispatchable generation resource may be scheduled to provide shall be limited by its reserve loading point for synchronized ten-minute operating reserve. This restriction shall be ...
	8.5.4.7 The amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide shall be limited by its reserve loading point for thirty-minute operating reserve. This restriction shall be enforced by the followin...
	8.5.4.8 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 fo...

	8.5.5 Pseudo-Units
	8.5.5.1 A constraint shall be required to calculate physical generation resource schedules from pseudo-unit schedules using the steam turbine shares in the operating regions of the pseudo-unit determined in section 22. For all hours h ∈ {1, . . , 24} ...
	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∈,𝐵-𝑃𝑆𝑈.:
	8.5.5.3 For a pseudo-unit that cannot provide ten-minute operating reserve from its duct firing region, constraints shall limit the pseudo-unit from being scheduled in its duct firing region whenever the pseudo-unit is scheduled for ten-minute operati...
	8.5.5.4 For all hours h ∈ {1, . . , 24}, pseudo-unit buses b ∈ ,B-NO10DF., and laminations k ∈ ,K-h,b-10S.:
	8.5.5.5 For all hours h ∈ {1, . . , 24}, pseudo-unit buses b ∈ ,B-NO10DF., and laminations k ∈ ,K-h,b-10N.:
	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 schedule for the pseudo-unit at bus 𝑏∈,𝐵-𝑃𝑆𝑈. in hour h ∈ {1, . . , 24} shall be equal to:
	8.5.5.6.1 ,SCT-h,b. if the pseudo-unit is scheduled at or above minimum loading point,
	8.5.5.6.2 ,RampCT-b,w. if the pseudo-unit is scheduled to reach minimum loading point in hour (h+w) for w ∈ {1,..,,RampHrs-b.}, 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 schedule for p ∈ PST  shall be equal to ,SST-h,p. plus any contribution from pseudo-unit b ∈, B-p-ST. rampi...

	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 h ∈ {1, . . , 24} and dispatchable hydroelectric generation resource buses b ∈ ,B-HE.:
	8.5.6.2 A dispatchable hydroelectric generation resource shall either be scheduled to 0 or to at least its minimum hourly output. For all hours h ∈ {1, . . , 24} and all dispatchable hydroelectric generation resource buses b ∈ ,𝐵-H𝐸.:
	8.5.6.3 A dispatchable hydroelectric generation resource shall not be scheduled within its forbidden regions. For all hours h ∈ {1, . . , 24}, all dispatchable hydroelectric generation resource buses b ∈ ,B-HE. and all i ∈ {1, . . , ,NFor-b.}:

	8.5.7 Wheeling Through Transactions
	8.5.7.1 The amount of scheduled export energy must be equal to the amount of scheduled import energy for wheeling through transactions. For all hours h ∈ {1, . . , 24} and all linked boundary entity resource buses (dx, di) ∈ ,L-h.:


	8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
	8.6.1 Energy Ramping
	8.6.1.1 Ramp rates shall be treated as constant over the full operating range of a dispatchable generation resource or dispatchable load where a single ramp up rate and a single ramp down rate (,𝑈𝑅𝑅𝐷𝐺-𝑏. and ,𝐷𝑅𝑅𝐷𝐺-𝑏., respectively, for di...
	8.6.1.2 For disptachable generation resources, the constraints in section 8.6.1.7 and section 8.6.2.2 use ,URRDG-b. to represent a ramp up rate selected from ,URRDG-h,b,w. and use ,DRRDG-b. to represent a ramp down rate selected from ,DRRDG-h,b,w..
	8.6.1.3 The day-ahead market calculation engine shall respect the ramping restrictions determined by the up to five offered MW quantity, ramp up rate and ramp down rate value sets.
	8.6.1.4 In all ramping constraints, the schedules for hour 0 are obtained from the initial scheduling assumptions in section 5.6. For all hours h ∈ {1, . . , 24} the ramping rates in all ramping constraints must be adjusted to allow the applicable res...
	8.6.1.4.1 ramp down from its lower limit in hour (ℎ−1) to its upper limit in hour ℎ; and
	8.6.1.4.2 ramp up from its upper limit in hour (ℎ−1) to its lower limit in hour ℎ.
	8.6.1.5 Energy schedules for dispatchable loads cannot vary by more than an hour’s ramping capability for the applicable resource. This constraint shall be enforced by the following for all hours h ∈ {1, . . , 24} and buses b ∈ ,B-DL.:
	8.6.1.6 Energy schedules for hourly demand response resources cannot vary by more than an hour’s ramping capability for the applicable resource. This constraint shall be enforced by the following for all hours h ∈ {1, . . , 24} and all buses b ∈ ,B-HDR.:
	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 h ∈ {1, . . , 24} and all buses b ∈ ,B-DG.:
	8.6.1.7.1 For the first hour a resource reaches its minimum loading point, where ,ODG-h,b. = 1,, ODG-h-1,b .= 0, the following constraint shall be applied:
	8.6.1.7.2 If the resource stays on at or above minimum loading point and ,ODG-h,b. = 1, ,ODG-h-1,b. = 1, the following constraint shall be applied:
	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-h,b. = 1, ,ODG-h+1,b. = 0, the following constraint shall be applied:
	8.6.1.8 The constraints in sections 8.6.1.7.1 and 8.6.1.7.3 do not apply to a quick start resource.
	8.6.1.9 For hours where non-quick start resources are ramping up to minimum loading point, energy shall be scheduled using the submitted ramp up energy to minimum loading point.

	8.6.2 Operating Reserve Ramping
	8.6.2.1 The total synchronized ten-minute operating reserve, non-synchronized ten-minute operating reserve and thirty-minute operating reserve from dispatchable loads shall not exceed their ramp capability to decrease load consumption and for all hour...
	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 generati...
	where 𝑚 is the hour of the last shutdown in or after hour ℎ.

	8.6.3 Non-Quick Start Resources
	8.6.3.1 Schedules for non-quick start resources shall not violate such resources’ minimum generation block run-times, minimum generation block down times and maximum number of starts per day.
	8.6.3.2 A resource’s previous day’s schedule shall be evaluated to determine any remaining minimum generation block run-time constraints to enforce and determine the commitment status of the resource in hour 0. If 0 <, InitOperHrs-b .< ,MGBRTDG-b., th...
	8.6.3.3 If ,ODG-h-1,b. = 0, ,ODG-h,b. = 1, and ,MGBRTDG-b .> 1 for hour h ∈ {1, . . , 24}, then the resource at bus 𝑏∈,𝐵-𝑁𝑄𝑆. has been scheduled to start up during hour ℎ and shall be scheduled to remain in operation until it has completed its mi...
	8.6.3.4 If ,ODG-h-1,b. = 1, ,ODG-h,b. = 0, and ,MGBDTDG-b. > 1 for hour h ∈ {1, . . , 24}, then the resource at bus b ∈ ,B-NQS. has been scheduled to shut down during hour ℎ and shall be scheduled to remain off until it has completed its minimum gener...
	8.6.3.5 The day-ahead market calculation engine shall not consider start-up offers for non-quick start resources to be scheduled in the first hour of the day if the resource is expected to be scheduled as a result of an operational constraint.
	8.6.3.6 A Boolean variable, ,𝐼𝐷𝐺-ℎ,𝑏. indicates that the non-quick start resource at bus 𝑏∈,𝐵-𝑁𝑄𝑆. is scheduled to reach its minimum loading point in hour h ∈ {1, . . , 24} after being scheduled below its minimum loading point in the precedin...
	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-NQS.:

	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 ∈ ,B-ELR. where an energy limited resource is located and all hours H ∈ {1, . . ,24}:
	where the factors 10𝑂𝑅𝐶𝑜𝑛𝑣 and 30𝑂𝑅𝐶𝑜𝑛𝑣 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 max...

	8.6.5 Dispatchable Hydroelectric Generation Resources
	8.6.5.1 Dispatchable hydroelectric generation resources shall be scheduled for at least their minimum daily energy limit. Violation variables for under-scheduling a resource’s minimum daily energy limit may be used to allow the day-ahead market calcul...
	8.6.5.2 A Boolean variable, ,𝐼𝐻𝐸-ℎ,𝑏,𝑖. shall indicate that a start for the dispatchable hydroelectric generation resource at bus b ∈, B-HE. was counted in hour h ∈ {1, . . 24} as a result of the resource schedule increasing from below its 𝑖-th ...
	Therefore, for all hours h ∈ {1, . . , 24}, buses b ∈ ,B-HE. and start indication values i ∈ {1, . . , ,NStartMW-b.}:
	8.6.5.3 Dispatchable hydroelectric generation resources shall not be scheduled to be started more times than permitted by their maximum number of starts per day. The following constraint shall apply for all buses b ∈ ,B-HE.:
	8.6.5.4 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 all...
	where the factors 10𝑂𝑅𝐶𝑜𝑛𝑣 and 30𝑂𝑅𝐶𝑜𝑛𝑣 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...
	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 ...
	8.6.5.7 For all linked dispatchable hydroelectric generation resources between upstream resources ,b-1. ∈ ,B-up-HE. and downstream resources ,b-2. ∈ ,B-dn-HE. for (,b-1.,,b-2.)∈LNK and hours h ∈ {1, . . , 24} such that h +, Lag-,b-1.,,b-2 ..≤ 24:


	8.7 Constraints for Reliability Requirements
	8.7.1 Energy Balance
	8.7.1.1 The total amount of energy withdrawals scheduled at load bus b ∈ B in hour h ∈ {1, . . , 24}, ,With-h,b. shall be:
	8.7.1.2 The net energy withdrawal for virtual transaction zone m ∈ M in hour h ∈ {1, . . , 24}, ,VWith-h,m., as all bids scheduled from virtual transactions for energy less all offers scheduled from virtual transaction for energy shall be:
	8.7.1.3 The total amount of export energy scheduled at intertie zone bus d ∈ DX in hour h ∈ {1, . . , 24}, ,With-h,d., as the exports from Ontario to the intertie zone bus shall be:
	8.7.1.4 The total amount of injections scheduled at internal bus b∈B in hour h ∈ {1, . . , 24}, ,Inj-h,b., shall be:
	8.7.1.5 The total amount of import energy scheduled at intertie zone bus d ∈ DI in hour h ∈ {1, . . , 24}, ,Inj-h,d., as the imports into Ontario from that intertie zone bus shall be:
	8.7.1.6 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 loc...

	8.7.2 Operating Reserve Requirements
	8.7.2.1 Operating reserve shall be scheduled to meet system-wide requirements for synchronized ten-minute operating reserve, total ten-minute operating reserve, and thirty-minute operating reserve while respecting all applicable regional minimum requi...
	8.7.2.2 Constraint violation penalty curves shall be used to impose a penalty cost for not meeting the IESO’s system-wide operating reserve requirements, not meeting a regional minimum requirement, or not adhering to a regional maximum restriction. Fu...
	For each hour h ∈ ,1, . . 24.:
	8.7.2.3 The following constraints shall be applied for each hour h ∈ {1, . . 24} and each region r∈ORREG:

	8.7.3 IESO Internal Transmission Limits
	8.7.3.1 A set of energy schedules shall be produced that do not violate any security limits in the pre-contingency state and the post-contingency state subject to the remainder of this section 8.7.3. The total amount of energy scheduled to be injected...
	8.7.3.2 Pre-contigency, ,SPreITLViol-f,h,i., and post-contingency, ,SITLViol-c,f,h,i., transmission limit violation variables shall allow the day-ahead market calculation engine to find a solution.
	8.7.3.3 For all hours h ∈ {1, . . , 24} and facilities f ∈, F-h., the linearized constraints for violated pre-contingency limits obtained from the security assesment function shall take the form:
	8.7.3.4 For all hours h ∈ {1, . . , 24}, contingencies c ∈ C , and facilities f ∈, F-h,c., the linearized constraints for violated post-contingency limits obtained from the security assesment function shall take the form:

	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 h ∈ {1, . . , 24} and all constraints z ∈ ,Z-Sch.:
	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 sched...
	8.7.4.2.1 It shall not exceed the net interchange schedule for the previous hour plus the net interchange scheduling limit;
	8.7.4.2.2 It shall not be less than the net interchange schedule for the previous hour minus the net interchange scheduling limit; and
	8.7.4.3 Violation variables may be used for both the up and down ramp limits to allow the day-ahead market calculation engine to find a solution and for all hours h ∈ {1, . . , 24}:

	8.7.5 Penalty Price Variable Bounds
	8.7.5.1 Penalty price variables shall be restricted to the ranges determined by the constraint violation penalty curves for the As-Offered Scheduling algorithm and for all hours h ∈ {1, . . , 24}:


	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...

	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 use...
	9.2.1.1 ,SDG-h,b,k-AOS., which designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDG-b.  at bus b ∈ ,B-ELR .∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E.;
	9.2.1.2 ,ODG-h,b-AOS. , which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24};
	9.2.1.3 ,S10SDG-h,b,k-AOS., which designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k...
	9.2.1.4 ,S10NDG-h,b,k-AOS., which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR .∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with laminati...
	9.2.1.5 ,S30RDG-h,b,k-AOS., which designates the amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-...
	9.2.1.6 ,OHO-h,b-AOS., which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-h,b. in hour 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:
	9.3.1.1 ,IDG-h,b. for bus b ∈ ,B-DG. and hour h ∈ {1, . . , 24} shall not appear in the formulation;
	9.3.1.2 ,ODG-h,b. for bus b ∈ ,B-DG. and hour h ∈ {1, . . , 24} shall be fixed to a constant value;
	9.3.1.3 ,OHO-h,b. for bus b ∈ ,B-HE. and hour h ∈ {1, . . , 24} shall be fixed to a constant value;
	9.3.1.4 ,IHE-h,b,i. for bus b ∈, B-HE., hour h ∈ {1, . . , 24} and start indication value i ∈ {1, . . , ,NStartMW-b.} shall not appear in the formulation;
	9.3.1.5 ,SOGenLnkViol-,h,(b-1.,,b-2.),i. for (,b-1.,, b-2.)∈LNK such that ,b-1. ∈, B-up-HE. and ,b-2. ∈ ,B-dn-HE., hour h ∈ {1, . . , 24} and i ∈ {1, . . , ,N-,OGenLnkViol-h..} shall not appear in the formulation; and
	9.3.1.6 ,SUGenLnkViol-h,(,b-1.,,b-2.),i. for (,b-1.,,b-2.)∈LNK such that ,b-1. ∈ ,B-up-HE. and ,b-2. ∈ ,B-dn-HE., hour h ∈ {1, . . , 24} and i ∈ {1, . . , ,N-,UGenLnkViol-h..} shall not appear in the formulation.

	9.3.2 The objective function for the As-Offered Pricing algorithm shall maximize gains from trade by maximizing the following expression:
	9.3.2.1 The tie-breaking term (,𝑇𝐵-ℎ.) shall be the same term described in section 8.3.2.1.
	9.3.2.2 ,ViolCost-h. shall be calculated as follows:


	9.4 Constraints
	9.4.1 The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the optimization function in the 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 h ∈ {1, . . , 24}:
	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}:
	where

	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.

	9.5.3 Off-Market Transactions
	9.5.3.1 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 In the 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.
	9.5.3.3 For all hours h ∈ {1, . . , 24} and all intertie zone buses scheduled to import emergency energy that does not support an export d ∈ ,DI-h-EMNS.:

	9.5.4 Operating Reserve Requirements
	9.5.4.1 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 a dispatchable hydroelectric generation resource’s schedule shall respect its forbidden regions and may only set prices within the operating range determined by the adjacent forbidden regions between which the resource was scheduled.

	9.5.7 Wheeling Through Transactions
	9.5.7.1 The constraints in section 8.5.7 shall apply in the As-Offered Pricing algorithm.


	9.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
	9.6.1 Energy Ramping
	9.6.1.1 The constraints in section 8.6.1 shall apply in the As-Offered Pricing algorithm.

	9.6.2 Operating Reserve Ramping
	9.6.2.1 The constraints in section 8.6.1.1 shall apply in the As-Offered Pricing algorithm.

	9.6.3 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.

	9.6.4 Dispatchable Hydroelectric Generation Resources
	9.6.4.1 A dispatchable hydroelectric generation resource shall be scheduled for energy to at least its minimum daily energy limit. Violation variables for scheduling a resource below its minimum daily energy limit may be used to allow the day-ahead ma...
	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.
	9.6.4.3 The schedules for multiple dispatchable hydroelectric generation resources with a registered forebay shall respect shared maximum daily energy limits. Violation variables for scheduling resources above the maximum daily energy limit may be use...
	where the factors 10𝑂𝑅𝐶𝑜𝑛𝑣 and 30𝑂𝑅𝐶𝑜𝑛𝑣 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...


	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 marginal loss factors used in the...

	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 algori...

	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 h ∈ {1, . . , 24}:


	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 h ∈ {1, . . , 24} and all buses b ∈ ,B-DG.:

	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 eligibilit...
	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 b ∈,B-ELR. for all hours h ∈ {1, . . , 24}:

	9.8.3 Dispatchable Hydroelectric Generation Resources
	9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to provide energy at or above its minimum hourly output in the As-Offered Scheduling algorithm in section 8, such resource shall also be scheduled at or above its minimum hourly ...
	9.8.3.2 For a dispatchable hydroelectric generation resource with a limited number of starts, such resource shall be scheduled such that it is limited to set prices within an operating range consistent with the number of starts utilized by the resourc...
	9.8.3.3 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 inelig...
	9.8.3.4 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...
	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-setti...
	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 dete...
	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 h ∈ {1, . . , 24}:
	9.8.3.7 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...


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



	10 Constrained Area Conditions Test
	10.1 Purpose
	10.1.1 The Constrained Area Conditions Test shall:
	10.1.1.1 identify when and where competition is restricted; and
	10.1.1.2 determine which resources shall have their financial dispatch data parameters be subject to the Conduct Test in section 11 and the thresholds above the reference levels that shall be used in the Conduct Test.


	10.2 Information, Sets, Indices and Parameters
	10.2.1 The sets and parameters associated with narrow constrained areas and dynamic constrained areas shall be identified in accordance with Appendix 7.8 and used by the Constrained Area Conditions Test.
	10.2.2 Information, sets, indices and parameters for the Constrained Area Conditions Test are described in sections 3 and 4. In addition, the following prices produced by the As-Offered Pricing algorithm shall be used by the Constrained Area Condition...
	10.2.2.1 ,LMP-h,b-AOP., which designates the locational marginal price for bus b ∈ B in hour h ∈ {1, . . , 24};
	10.2.2.2 ,PCong-h,b-AOP., which designates the congestion component of the locational marginal price for bus b ∈ B in hour h ∈ {1, . . , 24};
	10.2.2.3 ,ExtLMP-h,d-AOP., which designates the locational marginal price for intertie zone bus d ∈ D in hour h ∈ {1, . . , 24};
	10.2.2.4 ,PExtCong-h,d-AOP., which designates the intertie congestion component of the locational marginal price for intertie zone bus d ∈ D in hour h ∈ {1, . . , 24};
	10.2.2.5 ,PIntCong-h,d-AOP., which designates the internal congestion component of the locational marginal price for intertie zone bus d ∈ D in hour h ∈ {1, . . , 24};
	10.2.2.6 ,IntLMP-h,d-AOP., which designates the intertie border price for intertie zone bus d ∈ D in hour h ∈ {1, . . , 24};
	10.2.2.7 ,SPNormT-h,f-AOP., which designates the shadow price for the pre-contingency transmission constraint for facility f ∈ F in hour h ∈ {1, . . , 24};
	10.2.2.8 ,SPEmT-h,c,f-AOP., which designates the shadow price for the post-contingency transmission constraint for facility f ∈ F in contingency c ∈ C  in hour ℎ;
	10.2.2.9 ,SPNIUExtBwdT-h-AOP. , 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 ,L30RP-h,b-AOP. , which designates the locational marginal price for thirty-minute operating reserve at bus b∈B in hour h ∈ {1, . . , 24};
	10.2.2.11 ,L10NP-h,b-AOP. , which designates the locational marginal price for non-synchronized ten-minute operating reserve at bus b∈B in hour h ∈ {1, . . , 24}; and
	10.2.2.12 ,L10SP-h,b-AOP. , which designates the locational marginal price for synchronized ten-minute operating reserve at bus b∈B in hour h ∈ {1, . . , 24}.


	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 ,𝐵𝐶𝑜𝑛𝑑-ℎ-𝑁𝐶𝐴., which designates the resources in a narrow constrained area that must be checked for local market power for energy in hour h ∈ {1, . . , 24};
	10.3.1.2 ,BCond-h-DCA., which designates the resources in a dynamic constrained area that must be checked for local market power for energy in hour h ∈ {1, . . , 24};
	10.3.1.3 ,BCond-h-BCA., which designates the resources in a broad constrained area that must be checked for local market power for energy in hour h ∈ {1, . . , 24};
	10.3.1.4 ,BCond-h-GMP., which designates the resources that must be checked for global market power for energy in hour h ∈ {1, . . , 24};
	10.3.1.5 ,BCond-h-10S., which designates the resources that must be checked for local market power for synchronized ten-minute operating reserve in hour h ∈ {1, . . , 24};
	10.3.1.6 ,BCond-h-10N., which designates the resources that must be checked for local market power for non-synchronized ten-minute operating reserve in hour h ∈ {1, . . , 24};
	10.3.1.7 ,BCond-h-30R., which designates the resources that must be checked for local market power for thirty-minute operating reserve in hour h ∈ {1, . . , 24};
	10.3.1.8 ,BCond-h-GMP10S. , which designates the resources that must be checked for global market power for synchronized ten-minute operating reserve in hour h ∈ {1, . . , 24};
	10.3.1.9 ,BCond-h-GMP10N. , which designates the resources that must be checked for global market power for non-synchronized ten-minute operating reserve in hour h ∈ {1, . . , 24}; and
	10.3.1.10 ,BCond-h-GMP30R. , which designates the resources that must be checked for global market power for thirty minute operating reserve in hour h ∈ {1, . . , 24}.


	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 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 are...
	10.4.1.1.1 For each n ∈ NCA and hour h ∈ {1, . . , 24}: For each transmission facility that transmits flow into 𝑛, f ∈ ,F-n-NCA., check if ,SPNormT-h,f-AOP.≠ 0 or ,SPEmT-h,c,f-AOP.≠ 0 for the inbound flow limit, the day-ahead market calculation engin...
	10.4.1.1.2 For each d ∈ DCA and hour h ∈ {1, . . , 24}: For each transmission facility that transmits flow into 𝑑, f ∈ ,F-d-DCA., check if ,SPNormT-h,f-AOP. ≠ 0 or ,SPEmT-h,c,f-AOP. ≠ 0 for the inbound flow limit, the day-ahead market calculation eng...
	10.4.1.2 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 ,NCA-h.' designates the narrow constrained areas that qualify for market power mitigation for energy in hour h ∈ {1, . . , 24}; and
	10.4.1.2.2 ,DCA-h.' 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 ...


	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 h ∈ {1, . . , 24} by ,𝐼𝑛𝑡𝐿𝑀𝑃-ℎ,𝑑-𝐴𝑂𝑃.>𝐼𝐵𝑃𝑇ℎ𝑟𝑒𝑠ℎ for bids and offers, 𝑑∈,𝐷-𝐺𝑀...
	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 h ∈ {1, . . , 24}  by: ,𝑃𝐸𝑥𝑡𝐶𝑜𝑛𝑔-ℎ,𝑑-𝐴𝑂𝑃.<0 for bids and offers, 𝑑∈...
	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-h-AOP. ≠  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 h ∈ {1, . . , 24}, place all b ∈, B-DG. in the ...
	10.5.2.1 the resources in any zone have congestion components at least $1/MWh below the internal congestion component at all of the global market power reference intertie zones.:
	10.5.2.1.1 if ,PCong-h,b-AOP. < ,PIntCong-h,d-AOP.−$1/MWh where 𝑑∈,𝐷-𝐺𝑀𝑃𝑅𝑒𝑓. is true for all global market power reference intertie zones; or
	10.5.2.2 the resources cannot meet the incremental load because a binding transmission constraint:
	1.1.1.1.1 for each hour h ∈ {1, . . , 24}, place all b ∈, B-DG. in the set ,BCond-h-GMP. unless a resource is excluded for one of the following conditions:
	10.5.2.2.1 if resources can not meet incremental load because of anyfor each binding transmission facility wherethat transmits flow, ,SPNormT-h,f-AOP. ≠ 0  or ,SPEmT-h,c,f-AOP. ≠ 0.0; or
	10.5.2.2.2 if ,PCong-h,b-AOP. < ,PIntCong-h,d-AOP.−$1/MWh where 𝑑∈,𝐷-𝐺𝑀𝑃𝑅𝑒𝑓. is true for all global market power reference intertie zones


	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 o...
	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∈,𝐵-𝐷𝐺.∪,𝐵-𝐷𝐿. and hour h ∈ {1, . . , 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-ℎ-10𝑆., ,𝐵𝐶𝑜𝑛𝑑-ℎ-10𝑁.,or ,𝐵𝐶𝑜𝑛𝑑-ℎ-30𝑅.; 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 ifwhere 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 sh...
	10.7.2.1 if ,L10SP-t,b-PDP. > ORGCondThresh, the pre-dispatchday-ahead market calculation engine shall add resource b to ,BCond-t-GMP10S.;
	10.7.2.2 if ,L10NP-t,b-PDP .> ORGCondThresh, the pre-dispatchday-ahead market calculation engine shall add resource b to ,BCond-t-GMP10N.; and
	10.7.2.3 if ,L30RP-t,b-PDP. > ORGCondThresh, the pre-dispatchday-ahead market calculation engine shall add resource b to ,𝐵𝐶𝑜𝑛𝑑-𝑡-𝐺𝑀𝑃30𝑅..

	10.7.3 If 𝑏 is in a region with a binding maximum constraint, then 𝑏 shall be exempt from the Conduct Test.
	10.7.3.1 If a 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.


	10.8 Outputs
	10.8.1 Outputs of the Constrained Area Conditions Test include the list of resources that will be subject to the Conduct Test in section 11 and the thresholds that will be used in the Conduct Test for those resources.


	11 Conduct Test
	11.1 Purpose
	11.1.1 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 l...

	11.2 Information, Sets, Indices and Parameters
	11.2.1 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.

	11.3 Variables
	11.3.1 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-h-NCA. 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 ,BCT-h-DCA. 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};
	11.3.1.1.3 ,BCT-h-BCA. 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-h-GMP. 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 ,BCT-h-ORL. 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 ,BCT-h-ORG. 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.;
	11.3.1.2 The following financial dispatch data parameters for all hours h ∈ {1, . . , 24}:
	11.3.1.2.1 ,PARAME-h,b. designates the set of dispatch data parameters that failed the energy Conduct Test at bus b ∈ ,BCT-h-NCA. ∪, BCT-h-DCA. ∪ ,BCT-h-BCA. ∪, BCT-h-GMP. in hour ℎ, and may include the following dispatch data parameters:
	11.3.1.2.1.1 ,EnergyOffer-k. designates the non-zero quantity of energy above the minimum loading point in association with offer lamination k ∈ ,K-h,b-E. 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-k. designates the non-zero quantity of energy up to the minimum loading point in association with offer lamination k ∈ ,K-h,b-LTMLP. failed the Conduct Test;
	11.3.1.2.2.2 SUOffer designates the start-up offer failed the Conduct Test; and
	11.3.1.2.2.3 SNLOffer designates the speed no-load offer failed the Conduct Test;
	11.3.1.2.3 ,PARAMOR-h,b. designates the set of dispatch data parameters that failed the operating reserve Conduct Test at bus b ∈ ,BCT-h-ORL. ∪ ,BCT-h-ORG. in hour ℎ, and may include the following dispatch data parameters:
	11.3.1.2.3.1 ,OR10SOffer-k. designates the non-zero quantity of synchronized ten-minute operating reserve in association with offer lamination k ∈ ,K-h,b-10S. failed the Conduct Test;
	11.3.1.2.3.2 ,OR10NOffer-k. designates the non-zero quantity of non-synchronized ten-minute operating reserve in association with offer lamination k ∈ ,K-h,b-10N. failed the Conduct Test;
	11.3.1.2.3.3 ,OR30ROffer-k. designates the non-zero quantity of thirty-minute operating reserve in association with offer lamination k ∈ ,K-h,b-30R. 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-k. designates the non-zero quantity of energy up to the minimum loading point in association with offer lamination k ∈ ,K-h,b-E. 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 h ∈ {1...
	11.4.1.1 Evaluate offers for energy above the minimum loading point: For all k ∈ ,K-h,b-E., if ,PDG-h,b,k. > CTEnMinOffer and ,PDG-h,b,k. >  min⁡(,PDGRef-h,b,k`.*(1  +  ,CTEnThresh1-NCA.), ,PDGRef-h,b,k` .+ ,CTEnThresh2-NCA.), where k' ∈ ,K-h,b-'E., t...
	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-h,b-LTMLP., if ,PLTML...
	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-h,b. > ,SUDGRef-h,b.*(1 +, CTSUThresh-NCA.), then the Conduct Test was failed f...
	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-h,b.> ,SNLRef-h,b.*(1 + ,CTSNLThresh-NCA.), then the Conduct Test was failed for the resource at bus 𝑏 and the day-ahead mar...

	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-h-DCA. or ,BCond-h-BCA., as t...
	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-h-GMP. in pla...
	11.4.4 If a resource is assigned to more than one of the sets, ,BCond-h-NCA., ,BCond-h-DCA., ,BCond-h-BCA., and ,BCond-h-GMP., only the Conduct Test with the most restrictive threshold levels shall be performed for that resource.

	11.5 Conduct Test for Operating Reserve
	11.5.1 The 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 h ∈ {1, . . , 24} an...
	11.5.1.1 Evaluate offers for operating reserve as follows:
	11.5.1.1.1 for all k ∈ ,K-h,b-10S. if ,P10SDG-h,b,k .> CTORMinOffer and ,𝑃10𝑆𝐷𝐺-ℎ,𝑏,𝑘.>𝑚𝑖𝑛,,P10SDGRef-h,b,k`.∗,1+,𝐶𝑇𝑂𝑅𝑇ℎ𝑟𝑒𝑠ℎ1-𝑂𝑅𝐿.., ,P10SDGRef-h,b,k`.+,CTORThresh2-ORL.., where k' ∈ ,K-h,b-'10S., then the Conduct Test was failed f...
	11.5.1.1.2 for all k ∈ ,K-h,b-10N. if ,P10NDG-h,b,k. > CTORMinOffer and ,P10NDG-h,b,k. >,min-(,P10NDGRef-h,b,k`.*(1 + ,CTORThresh1-ORL.), ,P10NDGRef-h,b,k`. + ,CTORThresh2-ORL.)., where 𝑘′∈,𝐾-ℎ,𝑏-′10𝑁., then the Conduct Test was failed for the res...
	11.5.1.1.3 for all 𝑘∈,𝐾-ℎ,𝑏-30𝑅. if ,𝑃30𝑅𝐷𝐺-ℎ,𝑏,𝑘.>𝐶𝑇𝑂𝑅𝑀𝑖𝑛𝑂𝑓𝑓𝑒𝑟 and ,𝑃30𝑅𝐷𝐺-ℎ,𝑏,𝑘.>,𝑚𝑖𝑛-(,𝑃30𝑅𝐷𝐺𝑅𝑒𝑓-ℎ,𝑏,𝑘`.∗(1+,𝐶𝑇𝑂𝑅𝑇ℎ𝑟𝑒𝑠ℎ1-𝑂𝑅𝐿.), ,𝑃30𝑅𝐷𝐺𝑅𝑒𝑓-ℎ,𝑏,𝑘`.+,𝐶𝑇𝑂𝑅𝑇ℎ𝑟𝑒𝑠ℎ2-𝑂𝑅𝐿.)., where 𝑘′...
	11.5.1.1.4 for all j ∈ ,J-h,b-10S. if ,P10SDL-h,b,j. > CTORMinOffer and ,P10SDL-h,b,j. >,min-(,P10SDLRef-h,b,j`.* (1 + ,CTORThresh1-ORL.), ,P10SDLRef-h,b,j`.+,CTORThresh2-ORL.)., where j'  ∈ ,J-h,b-'10S., then the Conduct Test was failed for the dispa...
	11.5.1.1.5 for all j ∈ ,J-h,b-10N. if ,P10NDL-h,b,j. > CTORMinOffer and ,P10NDG-h,b,j. >,min-(,P10NDLRef-h,b,j`.*(1 + ,CTORThresh1-ORL.), ,P10NDLRef-h,b,j`. +, CTORThresh2-ORL.)., where j' ∈ ,J-h,b-'10N., then the Conduct Test was failed for the dispa...
	11.5.1.1.6 for all j ∈, J-h,b-30R. if ,P30RDL-h,b,j. > CTORMinOffer and ,P30RDL-h,b,j. >,min-(,P30RDLRef-h,b,j`.*(1 +, CTORThresh1-ORL.), ,P30RDLRef-h,b,j` . + ,CTORThresh2-ORL.)., where 𝑗′∈,𝐽-ℎ,𝑏-′30𝑅., then the Conduct Test was failed for the di...
	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-h,b. > ,SUDGRef-h,b.*(1 + ,CTSUThresh-ORL.), then the Conduct Test was failed for the resource at bus 𝑏 and th...
	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-h,b. >  ,SNLRef-h,b. * (1 + ,CTSNLThresh-ORL.), then the Conduct Test was failed for the resource at bus 𝑏 and the day-ahead...
	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∈,K-h,b-LTMLP., if ,PLTMLP-h,b,k. > CTEnMinOffer and ,PLTMLP-h,b,k....

	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 ...
	11.5.3 If a resource is assigned to more than one of ,BCond-h-GMP10S., ,BCond-h-GMP10N., and ,BCond-h-GMP30R., 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 h ∈ {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 mul...
	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 referen...


	12 Reference Level Scheduling
	12.1 Purpose
	12.1.1 The day-ahead market calculation engine shall perform the Reference Level Scheduling algorithm where at least one financial dispatch data parameter for a resource failed the Conduct Test in section 11.
	12.1.2 The Reference Level Scheduling algorithm shall perform a security-constrained unit commitment and economic dispatch to maximize gains from trade using dispatch data submitted by registered market participants, including reference level value fo...

	12.2 Information, Sets, Indices and Parameters
	12.2.1 Information, sets, indices and parameters used by the Reference Level Scheduling algorithm are described in section 3 and 4. In addition, the list of resources that failed the Conduct Test from section 11.6.1.1 and a revised set of financial di...
	12.2.2 The Reference Level Scheduling algorithm shall use the reference level value that corresponds to any financial dispatch data parameter submitted for a resource that failed the Conduct Test.

	12.3 Variables and Objective Function
	12.3.1 The day-ahead market calculation engine shall solve for the variables listed in section 8.3.1.
	12.3.2 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.

	12.4 Constraints
	12.4.1 The constraints in sections 8.4 through 8.7 apply in the Reference Level Scheduling algorithm, except that the sensitivities and limits considered for IESO internal transmission limits shall be those provided by the most recent security assessm...

	12.5 Outputs
	12.5.1 Outputs of the Reference Level Scheduling algorithm include resource schedules and commitments.


	13 Reference Level Pricing
	13.1 Purpose
	13.1.1 The day-ahead market calculation engine shall perform the Reference Level Pricing algorithm whenever the Reference Level Scheduling algorithm has been performed.
	13.1.2 The Reference Level Pricing algorithm shall perform a security-constrained economic dispatch to maximize gains from trade using dispatch data submitted by registered market participants, reference level values for resources subject to section 1...

	13.2 Information, Sets, Indices and Parameters
	13.2.1 Information, sets, indices and parameters used by the Reference Level Pricing algorithm are described in sections 3 and 4. In addition, the following resource schedule and commitments from the Reference Level Scheduling algorithm shall be used ...
	13.2.1.1 ,SDG-h,b,k-RLS., which designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDG-b. at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E.;
	13.2.1.2 ,ODG-h,b-RLS. designates whether the dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24};
	13.2.1.3 ,S10SDG-h,b,k-RLS., which designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪, B-HE. in hour h ∈ {1, . . , 24} in association with lamination ...
	13.2.1.4 ,S10NDG-h,b,k-RLS., which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with laminat...
	13.2.1.5 ,S30RDG-h,b,k-RLS., which designates the amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b...
	13.2.1.6 ,OHO-h,b-RLS., which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-h,b. in hour h ∈ {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 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;
	13.4.1.2 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
	13.4.1.3 for the constraints in section 9.8, the outputs from the As-Offered Scheduling algorithm shall be replaced with the outputs from the Reference Level Scheduling algorithm as follows:
	13.4.1.3.1 ,SDG-h,b,k-AOS. shall be replaced by ,SDG-h,b,k-RLS. for all h ∈ {1, . . , 24}, b∈,B-ELR.∪,B-HE., k∈,K-h,b-E.;
	13.4.1.3.2 ,ODG-h,b-AOS. shall be replaced by ,ODG-h,b-RLS. for all h ∈ {1, . . , 24}, b∈,B-DG.;
	13.4.1.3.3 ,S10SDG-h,b,k-AOS. shall be replaced by ,S10SDG-h,b,k-RLS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-10S.;
	13.4.1.3.4 ,S10NDG-h,b,k-AOS. shall be replaced by ,S10NDG-h,b,k-RLS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-10N.;
	13.4.1.3.5 ,S30RDG-h,b,k-AOS. shall be replaced by ,S30RDG-h,b,k-RLS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-30R.; and
	13.4.1.3.6 ,OHO-h,b-AOS. shall be replaced by ,OHO-h,b-RLS. for all h ∈ {1, . . , 24}, 𝑏∈,𝐵-𝐻𝐸..


	13.5 Outputs
	13.5.1 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.



	14 Price Impact Test
	14.1 Purpose
	14.1.1 The day-ahead market calculation engine shall perform the Price Impact Test whenever at least one financial dispatch data parameter for a resource failed the Conduct Test.
	14.1.2 The Price Impact Test shall:
	14.1.2.1 compare the locational marginal prices for energy or operating reserve produced by the As-Offered Pricing algorithm with those produced by the Reference Level Pricing algorithm; and
	14.1.2.2 consider the corresponding offer parameters to have failed the Price Impact Test if the difference in price in section 14.1.2.1 is greater than the applicable impact threshold in section 4.3.8.


	14.2 Information, Sets, Indices and Parameters
	14.2.1 Information, sets, indices and parameters for the Price Impact Test are described in sections 3 and 4. In addition, the following locational marginal prices from the As-Offered Pricing algorithm and the Reference Level Pricing algorithm shall b...
	14.2.1.1 ,𝐿𝑀𝑃-ℎ,𝑏-𝐴𝑂𝑃., which designates the locational marginal price for energy at bus b∈B in hour h ∈ {1, . . , 24} from the As-Offered Pricing algorithm;
	14.2.1.2 ,L30RP-h,b-AOP., which designates the locational marginal price for thirty-minute operating reserve at bus b ∈ B in hour h ∈ {1, . . , 24} from the As-Offered Pricing algorithm;
	14.2.1.3 ,L10NP-h,b-AOP., which designates the locational marginal price for non-synchronized ten-minute operating reserve at bus b ∈ B in hour h ∈ {1, . . , 24} from the As-Offered Pricing algorithm;
	14.2.1.4 ,L10SP-h,b-AOP., which designates the locational marginal price for synchronized ten-minute operating reserve at bus b ∈ B in hour h ∈ {1, . . , 24} from the As-Offered Pricing algorithm;
	14.2.1.5 ,LMP-h,b-RLP., which designates the locational marginal price for energy at bus b ∈ B in hour h ∈ {1, . . , 24} from the Reference Level Pricing algorithm;
	14.2.1.6 ,L30RP-h,b-RLP., which designates the locational marginal price for thirty-minute operating reserve at bus b ∈ B in hour h ∈ {1, . . , 24} from the Reference Level Pricing algorithm;
	14.2.1.7 ,L10NP-h,b-RLP., which designates the locational marginal price for non-synchronized ten-minute operating reserve at bus b ∈ B in hour h ∈ {1, . . , 24} from the Reference Level Pricing algorithm; and
	14.2.1.8 ,L10SP-h,b-RLP., which designates the locational marginal price for synchronized ten-minute operating reserve at bus b ∈ B in hour h ∈ {1, . . , 24} from the Reference Level Pricing algorithm.


	14.3 Variables
	14.3.1 The day-ahead market calculation engine shall apply the Price Impact Test as set out in sections 14.4 and 14.5 for the resources identified in accordance with section 10.3.1, to identify:
	14.3.1.1 A set of resources that failed the Price Impact Test for each condition for all hours h ∈ {1, . . , 24}, where:
	14.3.1.1.1 ,BIT-h-NCA. designates the resources in a narrow constrained area that failed the Price Impact Test for the locational marginal price for energy;
	14.3.1.1.2 ,BIT-h-DCA. 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 ,BIT-h-BCA. 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-h-GMP. 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 ,BIT-h-ORL. 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 ,BIT-h-ORG. 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-h,b. designates the locational marginal price that failed the Price Impact Test for bus b ∈ ,BIT-h-NCA. ∪ ,BIT-h-DCA. ∪ ,BIT-h-BCA. ∪ ,BIT-h-GMP. ∪ ,BIT-h-ORL. ∪ ,BIT-h-ORG. in hour ℎ; and
	14.3.1.2 Locational marginal prices for energy and operating reserve for each resource at bus b ∈ ,B-DG. ∪ ,B-DL. 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:
	14.4.1.1 For local market power for energy:
	14.4.1.1.1 For each hour h ∈ {1, . . , 24} and b ∈ ,BCT-h-NCA., if ,LMP-h,b-AOP. > min,(LMP-h,b-RLP.*(1+,ITThresh1-NCA.), ,LMP-h,b-RLP. + ,ITThresh2-NCA.), the Price Impact Test was failed by the resource at bus 𝑏 and the day-ahead market calculation...
	14.4.1.1.2 For each hour h ∈ {1, . . , 24} and b ∈, BCT-h-DCA., if ,LMP-h,b-AOP. > min,(LMP-h,b-RLP.*(1+,ITThresh1-DCA.), ,LMP-h,b-RLP.+,ITThresh2-DCA.), the Price Impact Test was failed by the resource at bus 𝑏 and the day-ahead market calculation e...
	14.4.1.1.3 For each hour h ∈ {1, . . , 24} and b ∈ ,BCT-h-BCA., if ,LMP-h,b-AOP. > min,(LMP-h,b-RLP.*(1+,ITThresh1-BCA.), ,LMP-h,b-RLP.+,ITThresh2-BCA.), the Price Impact Test was failed by the resource at bus 𝑏 and the day-ahead market calculation e...
	14.4.1.2 For global market power for energy:
	14.4.1.2.1 For each hour h ∈ {1, . . , 24} and b ∈ ,BCT-h-GMP., if ,LMP-h,b-AOP. > min,(LMP-h,b-RLP.*(1+,ITThresh1-GMP.), ,LMP-h,b-RLP.+,ITThresh2-GMP.), the Price Impact Test was failed by the resource at bus 𝑏 and the day-ahead market calculation e...


	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 For local market power for operating reserve, for each hour h ∈ {1, . . , 24} and b ∈ ,BCT-h-ORL.:
	14.5.1.1.1 If ,L30RP-h,b-AOP. > ,L30RP-h,b-RLP., 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-h-ORL. and add OR30RLMP to ,LMPIT-h,b.;
	14.5.1.1.2 If ,L10NP-h,b-AOP. > ,L10NP-h,b-RLP., 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-h-ORL. and add OR10NLMP to ,LMPIT-h,b.; and
	14.5.1.1.3 If ,L10SP-h,b-AOP. >, L10SP-h,b-RLP., 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-h-ORL. and add OR10SLMP to ,LMPIT-h,b..
	14.5.1.2 For global market power for operating reserve, for each hour h ∈ {1, . . , 24} and b ∈ ,BCT-h-ORG.:
	14.5.1.2.1 If ,L30RP-h,b-AOP. > min,(L30RP-h,b-RLP.*(1+,ITThresh1-ORG.), ,L30RP-h,b-RLP.+,ITThresh2-ORG.), 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 ...
	14.5.1.2.2 If ,L10NP-h,b-AOP.> min,(L10NP-h,b-RLP.*(1+,ITThresh1-ORG.), ,L10NP-h,b-RLP.+,ITThresh2-ORG.), 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 ,...
	14.5.1.2.3 If ,L10SP-h,b-AOP. > min,(L10SP-h,b-RLP.*(1+,ITThresh1-ORG.), ,L10SP-h,b-RLP.+,ITThresh2-ORG.), then the Price Impact Test was failed by the resource at bus 𝑏 and the day-ahead market calculation engine shall assign the resource ,BIT-h-ORG...


	14.6 Revised Financial Dispatch Data Parameter Determination
	14.6.1 A resource that fails the Price Impact Test shall have its financial dispatch data parameters revised as follows:
	14.6.1.1 If the resource has failed a Price Impact Test for energy and is in ,BIT-h-NCA., ,BIT-h-DCA., ,BIT-h-BCA., or ,BIT-h-GMP., the dispatch data parameters in ,PARAME-h,b. shall be used to determine the dispatch data parameters that shall be repl...
	14.6.1.2 If the resource has failed a Price Impact Test for operating reserve and is in ,BIT-h-ORL. or ,BIT-h-ORG., the dispatch data parameters in ,PARAMOR-h,b. shall be used to determine the dispatch data parameters that shall be replaced.
	14.6.1.3 If a non-quick-start resource has failed a Price Impact Test in any hour, the commitment cost parameters that failed the corresponding Conduct Test shall be replaced with the resource’s applicable reference level value for that hour. For any ...
	14.6.1.3.1 For each hour h ∈ {1, . . , 24} and all b ∈ ,B-NQS. such that b ∈ ,BIT-h-NCA. ∪ ,BIT-h-DCA. ∪ ,BIT-h-BCA. ∪ ,BIT-h-GMP., for hours prior to and including the hour that failed the Price Impact Test, H ∈ {1, . . ,h}, if b ∈ ,BCT-H-NCA. ∪ ,BCT...
	14.6.1.4 Section 14.6.1.3 shall apply to the tests for local market power and global market power for operating reserve, except ,PARAMOR-H,b. shall be checked in place of ,PARAME-H,b..
	14.6.1.5 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 shal...
	14.6.1.5.1.1 if ,BIT-h-NCA. includes one or more resource in a narrow constrained area, 𝑛, each resource ,b ∈ B𝐶𝑇-ℎ-𝑁𝐶𝐴. for the narrow constrained area, 𝑛, shall have the parameters in ,PARAME-h,b. replaced with its reference level values; and
	14.6.1.5.1.2 if ,BIT-h-DCA. includes one or more resources in a dynamic constrained area, 𝑑, each resource ,b ∈ B𝐶𝑇-ℎ-𝐷𝐶𝐴. for dynamic constrained area, 𝑑, shall have the parameters in ,PARAME-h,b. replaced with its reference level values.
	14.6.1.6 If a non-quick-start resource in a narrow constrained area or a dynamic constrained area has failed a Price Impact Test, each non-quick start resource in the narrow constrained area or dynamic constrained area that also failed the correspondi...
	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 ∈ B𝐶𝑇-ℎ-𝑁𝐶𝐴., if ,PARAME-h,b. contains any of the commitment cost parameters SUOffer, SNLOffer, or ,EnergyToMLP-k.,...
	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 ∈ BCT-ℎ-𝐷𝐶𝐴., if ,PARAME-h,b. contains any of the commitment cost parameters SUOffer, SNLOffer, or ,EnergyToMLP-k., ...
	14.6.1.7 If a resource fails the local market power for operating reserve Price Impact Test, all resources in the same operating reserve region with a non-zero operating reserve minimum requirement that failed the corresponding Conduct Test for at lea...
	14.6.1.7.1 For each hour h ∈ {1, . . , 24}, if ,𝐵𝐼𝑇-ℎ-𝑂𝑅𝐿. includes one or more resources in operating reserve region, 𝑟, all resources, ,b ∈ B𝐼𝑇-ℎ-𝑂𝑅𝐿. for operating reserve region, 𝑟, shall have the parameters in ,PARAMOR-h,b. replaced ...
	14.6.1.8 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 re...
	14.6.1.8.1 For all hours up to the hour in which a resource failed the Price Impact Test for 𝑟, for all ,b ∈ B𝐶𝑇-ℎ-𝑂𝑅𝐿., if ,PARAME-h,b. contains any of the commitment cost parameters SUOffer, SNLOffer, or ,EnergyToMLP-k., replace these paramete...


	14.7 Outputs
	14.7.1 The day-ahead market calculation engine shall prepare the following outputs for each hour h ∈ {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.

	14.7.2 The day-ahead market calculation engine shall not replace financial dispatch data parameters for a resource with that resource’s applicable reference level value if the dispatch data is less than the reference level value.


	15 Mitigated Scheduling
	15.1 Purpose
	15.1.1 The day-ahead market calculation engine shall perform the Mitigated Scheduling algorithm if at least one resource failed the Price Impact Test in section 14.
	15.1.2 The Mitigated Scheduling algorithm shall perform a security-constrained unit commitment and economic dispatch to maximize gains from trade using dispatch data submitted by registered market participants, including resource reference level value...

	15.2 Information, Sets, Indices and Parameters
	15.2.1 Information, sets, indices and parameters used by the Mitigated Scheduling algorithm are described in section 3 and 4. In addition, the Mitigated Scheduling algorithm shall use the list of resources that failed the Price Impact Test and a revis...
	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 repl...

	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 r...

	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 Miti...
	16.2.1.1 ,SDG-h,b,k-MS. designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDG-b. at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E.;
	16.2.1.2 ,ODG-h,b-MS. designates whether a dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24};
	16.2.1.3 ,S10SDG-h,b,k-MS. designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h...
	16.2.1.4 ,S10NDG-h,b,k-MS. designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b∈,B-ELR.∪,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h...
	16.2.1.5 ,S30RDG-h,b,k-MS. designates the amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR.∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-30R.; and
	16.2.1.6 ,OHO-h,b-MS. designates whether a dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-h,b. in hour h ∈ {1, . . , 24}.

	16.2.2 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.

	16.3 Variables and Objective Function
	16.3.1 The day-ahead market calculation engine shall solve for the variables listed in section 9.3.1.
	16.3.2 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.

	16.4 Constraints
	16.4.1 The constraints that apply in the Mitigated Pricing algorithm shall be the same as the constraints in sections 9.4 through 9.8, with the following exceptions:
	16.4.1.1 The marginal loss factors used in the energy balance constraint in section 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.
	16.4.1.2 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.
	16.4.1.3 For the constraints in section 9.8, the outputs from the As-Offered Scheduling algorithm shall be replaced with the outputs from the Mitigated Scheduling algorithm as follows:
	16.4.1.3.1 ,SDG-h,b,k-AOS. shall be replaced by ,SDG-h,b,k-MS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-E.;
	16.4.1.3.2 ,ODG-h,b-AOS. shall be replaced by ,ODG-h,b-MS. for all h ∈ {1, . . , 24}, b ∈ ,B-DG.;
	16.4.1.3.3 ,S10SDG-h,b,k-AOS. shall be replaced by ,S10SDG-h,b,k-MS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-10S.;
	16.4.1.3.4 ,S10NDG-h,b,k-AOS. shall be replaced by ,S10NDG-h,b,k-MS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-10N.;
	16.4.1.3.5 ,S30RDG-h,b,k-AOS. shall be replaced by ,S30RDG-h,b,k-MS. for all h ∈ {1, . . , 24}, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-h,b-30R.; and
	16.4.1.3.6 ,OHO-h,b-AOS. shall be replaced by ,OHO-h,b-MS. for all h ∈ {1, . . , 24}, b ∈ ,B-HE..


	16.5 Outputs
	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.



	17 Pass 2: Reliability Scheduling and Commitment
	17.1 Purpose
	17.1.1 Pass 2 shall use market participant and IESO inputs along with resource and system constraints to determine a set of resource schedules and commitments.  Pass 2 shall consist of the Reliability Scheduling algorithm described in section 18.


	18 Reliabilty Scheduling
	18.1 Purpose
	18.1.1 The Reliability Scheduling algorithm shall use dispatch data submitted by registered market participants and perform a security-constrained unit commitment and economic dispatch to meet the IESO’s peak province-wide non-dispatchable demand fore...

	18.2 Information, Sets, Indices and Parameters
	18.2.1 Information sets, indices and parameters used by the Reliability Scheduling algorithm are described in sections 3 and 4. The Reliability Scheduling algorithm shall also use the following:
	18.2.1.1 resource schedules, commitments, and locational marginal prices from Pass 1, where:
	18.2.1.1.1 ,SXL-h,d,j-1. designates the amount of energy that a boundary entity resource is scheduled to export at intertie zone bus d ∈ DX in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,d-E.;
	18.2.1.1.2 ,SDG-h,b,k-1. designates the amount of energy that a dispatchable generation resource is scheduled to provide  above ,MinQDG-b. at bus b ∈ ,B-ELR.∪, B-HE. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E.;
	18.2.1.1.3 ,ODG-h,b-1. designates whether a dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24};
	18.2.1.1.4 ,S10SDG-h,b,k-1. designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-...
	18.2.1.1.5 ,S10NDG-h,b,k-1. designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈...
	18.2.1.1.6 ,S30RDG-h,b,k-1. designates the amount of thirty-minute operating reserve that a qualified dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-...
	18.2.1.1.7 ,SIG-h,d,k-1. designates the amount of energy that a boundary entity resource is scheduled to import at intertie zone bus d ∈ DI in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,d-E.; and
	18.2.1.1.8 ,LMP-h,b-1. designates the locational marginal price in hour h ∈ {1, . . , 24} at bus b ∈ ,B-ELR. ∪ ,B-HE.; and
	18.2.1.2 the buses identifying either single energy limited resources or multiple dispatchable hydroelectric generation resources with a registered forebay, and the subset of resources with a binding maximum daily energy limit constraint from Pass 1:
	18.2.1.2.1 ,B-LIM.= ,B-ELR. ∪ {,B-s-HE. 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
	18.2.1.2.2 ,B-BND . ⊆ ,B-LIM. 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 fro...
	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-h,b-1., ,SDG-h,b,k-1., ,S10SDG-h,b,k-1., ,S10NDG-h,b,k-1. and ,S30RDG-h,b,k-1..

	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 ,PRucDL-h,b,j. designates the energy price for incremental energy consumption in hour h ∈ {1, . . , 24} at dispatchable load bus b ∈ ,B-DL. in association with bid lamination j ∈ ,J-h,b-E., where:
	18.2.3.2 ,𝑃𝑅𝑢𝑐10𝑆𝐷𝐿-ℎ,𝑏,𝑗. designates the price of being scheduled to provide synchronized ten-minute operating reserve in hour h ∈ {1, . . , 24} at dispatchable load bus 𝑏∈,𝐵-𝐷𝐿. in association with offer lamination j ∈ ,J-h,b-10S., where:
	18.2.3.3 ,PRuc10NDL-h,b,j. designates the price of being scheduled to provide non-synchronized ten-minute operating reserve in hour h ∈ {1, . . , 24} at dispatchable load bus b ∈, B-DL. in association with offer lamination j ∈ ,J-h,b-10N., where:
	18.2.3.4 ,PRuc30RDL-h,b,j. designates the price of being scheduled to provide thirty-minute operating reserve in hour h ∈ {1, . . , 24} at dispatchable load bus b ∈ ,B-DL. in association with offer lamination j ∈ ,J-h,b-30R., where:
	18.2.3.5 ,PRucNDG-h,b,k. designates the energy price for incremental generation in hour h ∈ {1, . . , 24} at non-dispatchable generation resource bus 𝑏∈,𝐵-𝑁𝐷𝐺. in association with offer lamination k ∈ ,K-h,b-E., where:
	18.2.3.6 ,PRucDG-h,b,k. designates the energy price for incremental generation in hour h ∈ {1, . . , 24} at dispatchable generation resource bus b ∈ ,B-DG. in association with offer lamination k∈,K-h,b-E., where:
	18.2.3.7 ,PRuc10SDG-h,b,k. 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-DG. in association with offer lamination k ∈ ,K-h,b-10S., ...
	18.2.3.8 ,PRuc10NDG-h,b,k. 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 ∈ ,B-DG. in association with offer lamination k ∈ ,K-h,b-10...
	18.2.3.9 ,PRuc30RDG-h,b,k. designates the price of being scheduled to provide thirty-minute operating reserve in hour h ∈ {1, . . , 24} at dispatchable generation bus b ∈ ,B-DG. in association with offer lamination k ∈ ,K-h,b-30R., where:

	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 ,Q1DG-h,b,k. designates an incremental quantity of energy that a resource may be scheduled to provide in hour h ∈ {1, . . , 24} in association with offer lamination k∈,K-h,b-E. and corresponding to the Pass 1 scheduled portion of the laminati...
	18.2.4.2 ,P1DG-h,b,k. 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-h,b-E. and corresponding to the Pass 1 scheduled portion of the...
	18.2.4.3 ,Q2DG-h,b,k. designates an incremental quantity of energy that a resource may be scheduled to provide in hour h ∈ {1, . . , 24} in association with offer lamination k∈,K-h,b-E. and corresponding to the Pass 1 unscheduled portion of the lamina...
	18.2.4.4 ,𝑃2𝐷𝐺-ℎ,𝑏,𝑘. 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-h,b-E. and corresponding to the Pass 1 unscheduled p...


	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 The day-ahead market calculation engine shall remove the variables for price responsive loads (,SPRL-h,b,j.), virtual transaction bids (,PVB-h,v,j., ,QVB-h,v,j.), and virtual transaction offers (,PVO-h,v,k.,,QVO-h,v,k.) from the objective fun...
	18.3.2.2 The day-ahead market calculation engine shall add the following variables to the objective function:
	18.3.2.2.1 ,S1DG-h,b,k. designates the amount of energy that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-LIM. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-E. corresponding to the Pass 1 scheduled por...
	18.3.2.2.2 ,S2DG-h,b,k. designates the amount of energy that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-LIM. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E. corresponding to the Pass 1 unscheduled por...
	18.3.2.3 The objective function coefficients for dispatchable loads, non-dispatchable generation resources and dispatchable generation resources shall be modified to reflect the price of incremental energy from such resources as specified in section 1...
	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 po...

	18.3.3 The objective function for the Reliability Scheduling algorithm shall minimize the cost of additional commitments by maximizing the following expression:
	18.3.3.1 The tie-breaking (,TB-h.) and the violation cost (,ViolCost-h.) 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.
	18.5.2.2 The constraints in section 8.5.2 shall apply for dispatchable generation resources, except the alternative forecast (,AFG-h,b. ) is replaced with the IESO’s centralized forecast (,FG-h,b.). That is:

	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 Wheeling Through Transactions
	18.5.6.1 The constraints in section 8.5.7 shall apply for 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 8.6.1.1 shall apply for operating reserve ramping.

	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, ,With-h,b., in section 8.7.1.1;
	18.7.1.1.2 the net withdrawal for virtual transaction zones, ,VWith-h,m., 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 IESO’s peak province-wide non-dispatchable demand forecast (,PFL-h.), in place of the IESO’s average province-wide non-dispatchable demand forecast (,AFL-h.).
	18.7.1.2 The total amount of energy withdrawals scheduled at load bus b ∈ B in hour h ∈ {1, . . , 24}, ,With-h,b., shall be:
	18.7.1.3 The total amount of energy withdrawals scheduled at intertie zone bus d ∈ DX in hour h ∈ {1, . . , 24}, ,With-h,d., shall be:
	18.7.1.4 The total amount of energy injections scheduled at internal bus b ∈ B in hour h ∈ {1, . . , 24}, ,Inj-h,b., shall be:
	18.7.1.5 The total amount of energy injections scheduled at intertie zone bus d ∈ DI in hour h ∈ {1, . . , 24}, ,Inj-h,d., shall be:
	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 loca...

	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 IESO 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...
	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 hours h ∈ {1, . . , 24} and intertie zone buses d ∈ DI that are not part of...
	18.8.2 The Reliability Scheduling algorithm shall not schedule energy export schedules for boundary entity resources above those export schedules determined in Pass 1. For all hours h ∈ {1, . . , 24} and intertie zone buses d ∈ DX that are not part of...
	18.8.3 The Reliability Scheduling algorithm shall not de-commit dispatchable generation resources committed in Pass 1. For all hours h ∈ {1, . . , 24} and buses b ∈ ,B-DG.:
	18.8.4 For single energy limited resources and multiple dispatchable hydroelectric generation resources with a registered forebay, the Reliability Scheduling algorithm shall ensure the schedule for each offer lamination is equal to the schedules corre...
	18.8.5 The generation resource schedules for the Pass 1 scheduled and unscheduled portions of the lamination shall respect the incremental quantity of energy beyond the minimum loading point that may be scheduled. For all buses b ∈ ,B-LIM., hours h ∈ ...

	18.9 Outputs
	18.9.1 Outputs of the Reliability Scheduling algorithm shall include resource schedules and commitments.


	19 Pass 3: DAM Scheduling and Pricing
	19.1 Purpose
	19.1.1 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 ...


	20 DAM Scheduling
	20.1 Purpose
	20.1.1 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, an...

	20.2 Information, Sets, Indices and Parameters
	20.2.1 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-h,d,j-2., which designates the amount of energy that a boundary entity resource is scheduled to export at intertie zone bus d ∈ DX in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,d-E.;
	20.2.1.2 ,ODG-h,b-2., which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24}; and
	20.2.1.3 ,SIG-h,d,k-2., which designates the amount of energy that a boundary entity resource is scheduled to import at intertie zone  bus d ∈ DI in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,d-E..

	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-h,b.) shall be fixed within the optimization function; and
	20.3.2.2 the start-up offer (,𝑆𝑈𝐷𝐺-ℎ,𝑏.) and the offer price to operate at minimum loading point (,MGODG-h,b.) 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.

	20.8 Constraints to Respect Pass 2 Decisions
	20.8.1 The DAM Scheduling algorithm shall not decrease import schedules from the values produced in Pass 2 and may schedule additional imports of energy in Pass 3. For all hours h ∈ {1, . . , 24} and intertie zone buses d ∈ DI that are not part of a w...
	20.8.2 The DAM Scheduling algorithm shall not increase export schedules in Pass 3 from the values produced in Pass 2. For all hours h ∈ {1, . . , 24} and intertie zone buses d ∈ DX that are not part of a wheeling through transaction:
	20.8.3 The DAM Scheduling algorithm shall not change commitments statuses in Pass 3 for resources as determined in Pass 2. For all hours h ∈ {1, . . , 24} and buses b ∈ ,B-DG.:

	20.9 Outputs
	20.9.1 Outputs for the DAM Scheduling algorithm shall include resource schedules and commitments.


	21 DAM Pricing
	21.1 Purpose
	21.1.1 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 21.2.2.3, and...

	21.2 Information, Sets, Indices and Parameters
	21.2.1 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 sectio...
	21.2.1.1 ,SDG-h,b,k-3., which designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDG-b. at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k∈,K-h,b-E.. This is in...
	21.2.1.2 ,ODG-h,b-3., which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in hour h ∈ {1, . . , 24}. Note that ,ODG-h,b-3. = ,ODG-h,b-2. for all hours h ∈ {1, . . , 24} an...
	21.2.1.3 ,S10SDG-h,b,k-3., which designates the amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ...
	21.2.1.4 ,S10NDG-h,b,k-3., which designates the amount of non-synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with laminatio...
	21.2.1.5 ,S30RDG-h,b,k-3., which designates the amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,b-3...
	21.2.1.6 ,OHO-h,b-3., which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-h,b. in hour h ∈ {1, . . , 24}.

	21.2.2 The resource schedules from Pass 2:
	21.2.2.1 ,SXL-h,d,j-2., which designates the amount of energy that a boundary entity resource is scheduled to export at bus d ∈ DX in hour h ∈ {1, . . , 24} in association with lamination j ∈ ,J-h,d-E.; and
	21.2.2.2 ,SIG-h,d,k-2., which designates the amount of energy that a boundary entity resource is scheduled to import at bus d ∈ DI in hour h ∈ {1, . . , 24} in association with lamination k ∈ ,K-h,d-E..
	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-h,b,k-AOS. shall be replaced by ,SDG-h,b,k-3. for all h ∈ {1, . . , 24}, b∈,B-ELR.∪,B-HE., k ∈,K-h,b-E.;
	21.4.1.3.2 ,ODG-h,b-AOS. shall be replaced by ,ODG-h,b-3. for all h ∈ {1, . . , 24}, b∈,B-DG.;
	21.4.1.3.3 ,S10SDG-h,b,k-AOS. shall be replaced by ,S10SDG-h,b,k-3. for all h ∈ {1, . . , 24}, b∈,B-ELR.∪,B-HE., k∈,𝐾-ℎ,𝑏-10𝑆.;
	21.4.1.3.4 ,S10NDG-h,b,k-AOS. shall be replaced by ,S10NDG-h,b,k-3. for all h ∈ {1, . . , 24}, b∈,B-ELR.∪,B-HE., k∈,K-h,b-10N.;
	21.4.1.3.5 ,S30RDG-h,b,k-AOS. shall be replaced by ,S30RDG-h,b,k-3. for all h ∈ {1, . . , 24}, b∈,B-ELR.∪,B-HE., k∈,K-h,b-30R.; and
	21.4.1.3.6 ,OHO-h,b-AOS. shall be replaced by ,OHO-h,b-3. for all h ∈ {1, . . , 24}, b∈,B-HE..
	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 Δ specified by the IESO and:
	21.4.1.4.1 For all hours h ∈ {1, . . , 24} and boundary entity resource import buses d ∈ DI that are not part of a wheeling through transaction:
	21.4.1.4.2 For all hours h ∈ {1, . . , 24} and boundary entity resource export buses d ∈ DX that are not part of a 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 facility with 𝐾 comb...
	22.1.1.1 ,CMCR-k. designates the registered maximum continuous rating of combustion turbine k ∈ {1, . . ,K} in MW;
	22.1.1.2 ,CMLP-k. designates the minimum loading point of combustion turbine k ∈ {1, . . ,K} in MW;
	22.1.1.3 SMCR designates the registered maximum continuous rating of the steam turbine in MW;
	22.1.1.4 SMLP designates the minimum loading point of the steam turbine in MW for a 1x1 configuration;
	22.1.1.5 SDF designates the amount of duct firing capacity available on the steam turbine in MW;
	22.1.1.6 ,STPortion-k. designates the percentage of the steam turbine capacity attributed to pseudo-unit k ∈ {1, . . ,K}; and
	22.1.1.7 ,CSCM-k. ∈ {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 ,MMCR-k. designates the maximum continuous rating of pseudo-unit 𝑘 and is calculated as follows:
	22.1.2.2 ,MMLP-k. designates the minimum loading point of pseudo-unit 𝑘 and is calculated as follows:
	22.1.2.3 M,DF-k. designates the duct firing capacity of pseudo-unit 𝑘 and is calculated as follows:
	22.1.2.4 M,DR-k. designates the dispatchable capacity of pseudo-unit 𝑘 and is calculated as follows:

	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 The minimum loading point region shall be the capacity between 0 and ,MMLP-k.;
	22.1.3.2 The dispatchable region shall be the capacity between ,MMLP-k. and ,MMLP-k. + ,MDR-k.; and
	22.1.3.3 The duct firing region shall be the capacity between ,MMLP-k. + ,MDR-k. and ,MMCR-k..

	22.1.4 The day-ahead market calculation engine shall calculate the associated combustion turbine and steam turbine shares for the three operating regions of pseudo-unit k ∈ {1,..K}, as follows:
	22.1.4.1 For the minimum loading point region:
	22.1.4.1.1 Steam turbine share: ,STShareMLP-k. = ,SMLP∙(1−,CSCM-k.)-,MMLP-k..; and
	22.1.4.1.2 Combustion turbine share: ,CTShareMLP-k. = ,,CMLP-k.-,MMLP-k..;
	22.1.4.2 For the dispatchable region:
	22.1.4.2.1 Steam turbine share:  ,STShareDR-k.= ,(1−,CSCM-k.)(SMCR∙,STPortion-k.−SMLP−,SDF-k.∙,STPortion-k.)-,MDR-k..; and
	22.1.4.2.2 Combustion turbine share: ,CTShareDR-k.=,,CMCR-k.−,CMLP-k.-,MDR-k..; and
	22.1.4.3 For the duct firing region:
	22.1.4.3.1 Steam turbine share shall be equal to 1; and
	22.1.4.3.2 Combustion turbine 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 ,CTCap-h,k. designates the capacity of combustion turbine k ∈ {1, . . ,K} in hour ℎ as determined by submitted deratings;
	22.2.1.2 ,𝑆𝑇𝐶𝑎𝑝-ℎ. designates the capacity of the steam turbine in hour ℎ as determined by submitted deratings; and
	22.2.1.3 ,𝑇𝑜𝑡𝑎𝑙𝑄-ℎ,𝑘. 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}:
	22.2.2.1 ,𝑀𝐿𝑃-ℎ,𝑘. designates the minimum loading point of pseudo-unit k in hour h;
	22.2.2.2 𝐷,𝑅-ℎ,𝑘. designates the dispatchable region capacity of pseudo-unit 𝑘 in hour ℎ; and
	22.2.2.3 ,𝐷𝐹-ℎ,𝑘. designates the duct firing region capacity of pseudo-unit 𝑘 in hour ℎ.

	22.2.3 Pre-processing of De-rates
	22.2.3.1 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 and steam turbine share and the application of the pseudo-...
	22.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each combustion turbine (,𝐶𝑇𝐴𝑚𝑡-ℎ,𝑘.) and steam turbine portion (,𝑆𝑇𝐴𝑚𝑡-ℎ,𝑘.):
	If ,TotalQ-h,k. < ,MMLP-k. then:
	,CTAmt-h,k. = 0; and
	,STAmt-h,k. =0.
	Otherwise:
	CTAmtMLP  = ,MMLP-k.∙,CTShareMLP-k.; and
	STAmtMLP  = ,MMLP-k.∙,STShareMLP-k..
	If ,TotalQ-h,k . > ,MMLP-k. + ,MDR-k., then:
	CTAmtDR  = ,MDR-k.∙,CTShareDR-k.;
	STAmtDR  = ,MDR-k.∙,STShareDR-k.; and
	STAmtDF  = (1−,CSCM-k.)∙(,TotalQ-h,k.−,MMLP-k.−,MDR-k.).
	Otherwise:
	CTAmtDR  = ,(TotalQ-h,k.−,MMLP-k.)∙,CTShareDR-k.;
	STAmtDR = ,(TotalQ-h,k.−,MMLP-k.)∙,STShareDR-k.;
	STAmtDF  = 0;
	,CTAmt-h,k. = CTAmtMLP + CTAmtDR; and
	,STAmt-h,k. = STAmtMLP + STAmtDR + STAmtDF.
	22.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:
	,PRSTCap-h,k.=,,,STAmt-h,k.-,w ∈ {1,..,K}-,STAmt-h,w....∙,STCap-h.
	22.2.3.1.3 Step 3: Determine if the pseudo-unit is available:
	If ,CTAmt-h.k. <, CMLP-k., then the pseudo-unit is unavailable.
	If ,STAmt-h,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	If ,CTCap-h,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,PRSTCap-h,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	22.2.3.1.4 Step 4: Initialize the operating region parameters for hour h ∈ {1, . . , 24} to the model parameter values:
	Set ,MLP-h,k. = ,MMLP-k..
	Set ,DR-h,k. = ,MDR-k..
	Set ,DF-h,k. = ,MDF-k..
	22.2.3.1.5 Step 5: Apply the derating on the combustion turbine to the dispatchable region:
	Calculate 𝑃 so that ,CMLP-k. + P∙,CTShareDR-k.∙,MDR-k. = ,CTCap-h,k.; and
	Set ,DR-h,k .= min(,DR-h,k. , P∙,MDR-k.).
	22.2.3.1.6 Step 6: Apply the derating on the steam turbine to the duct firing and dispatchable regions for pseudo-units not operating in single cycle mode:
	Calculate 𝑅 so that SMLP +R∙,STShareDR-k.∙,MDR-k. = ,PRSTCap-h,k..
	If R ≤ 1, set ,DF-h,k. = 0, and ,DR-h,k. = min(,DR-h,k. ,  R∙,MDR-k.).
	If R > 1, set ,DF-h,k. = min(,DF-h,k.,, PRSTCap-h,k.−SMLP−,STShareDR-k.∙,MDR-k.).

	22.2.4 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 h ∈ {1, . . , 24} for each pseudo-unit k ∈ {1, . . ,K}, subject to...
	22.2.4.1.1 ,QMLP-h,k. designates the total quantity that may be scheduled in the minimum loading point region;
	22.2.4.1.2 ,QDR-h,k. designates the total quantity that may be scheduled in the dispatchable region; and
	22.2.4.1.3 ,QDF-h,k. 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:


	22.3 Convert Physical Resource Constraints to Pseudo-Unit Constraints
	22.3.1 The day-ahead market calculation engine shall convert physical resource constraints to pseudo-unit constraints, where:
	22.3.1.1 ,PSUMin-h,k-q. designates the minimum limitation on pseudo-unit 𝑘 determined by translating constraint 𝑞. When constraint 𝑞 does not provide a minimum limitation on pseudo-unit 𝑘, then ,PSUMin-h,k-q. shall be set equal to 0;
	22.3.1.2 ,PSUMax-h,k-q. designates the maximum limitation on pseudo-unit 𝑘 determined by translating constraint 𝑞. When constraint 𝑞 does not provide a maximum limitation on pseudo-unit 𝑘, then ,PSUMax-h,k-q. shall be set equal to ,MLP-h,k.+,DR-h,...
	22.3.1.3 ,CTCmtd-h,k.∈{0,1} designates whether combustion turbine 𝑘∈{1,..𝐾} is considered committed in hour h ∈ {1, . . , 24}.

	22.3.2 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 Minimum limitation: ,MinDG-h,k. = ,max-q∈{1,..Q}.,PSUMin-h,k-q.; and
	22.3.2.2 Maximum limitation: ,MaxDG-h,k. = ,min-q∈{1,..Q}.,PSUMax-h,k-q..
	where Q designates the number of constraints impacting a combined cycle facility that have been provided to the day-ahead market calculation engine.

	22.3.3 Pseudo-unit Minimum and Maximum Constraints
	22.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as follows:
	22.3.3.1.1 ,PSUMin-h,k. = PMin, where  PMin shall be a minimum constraint provided on pseudo-unit k ∈ {1, . . ,K} for hour h ∈ {1, . . , 24}; and
	22.3.3.1.2 ,PSUMax-h,k. = PMax, where  PMax shall be a maximum constraint provided on pseudo-unit k ∈ {1, . . ,K} for hour h ∈ {1, . . , 24}.

	22.3.4 Combustion Turbine Minimum and Maximum Constraints
	22.3.4.1 If a pseudo-unit is not flagged to operate in single cycle mode, then the combustion turbine minimum constraint shall be converted to a pseudo-unit constraint as follows:
	22.3.4.2 If a pseudo-unit is flagged to operate in single cycle mode, then the combustion turbine minimum constraint shall be converted to a pseudo-unit constraint as follows:
	22.3.4.3 If a pseudo-unit is not flagged to operate in single cycle mode, then the combustion turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	:
	22.3.4.4 If a pseudo-unit is flagged to operate in single cycle mode, then the combustion turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	,PSUMax-h,k.=CTMax

	22.3.5 Steam Turbine Minimum and Maximum Constraints
	22.3.5.1 The day-ahead market calculation engine shall convert a steam turbine minimum constraint to a pseudo-unit constraint as follows:
	22.3.5.1.1 Step 1: Identify A ⊆ {1, . . ,K}, which shall indicate the set of pseudo-units to which the constraint may be allocated where pseudo-unit k ∈ {1, . . ,K} is placed in set 𝐴 if and only if ,CSCM-k.=0 and ,CTCmtd-h,k. = 1. If the set 𝐴 is e...
	22.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of pseudo-unit k ∈ A:
	22.3.5.1.3 Step 3: Allocate the STMin constraint to each pseudo-unit k ∈ A, where 𝑆𝑇𝑀𝑖𝑛 constraint shall be allocated equally to each pseudo-unit k ∈ A and ,STPMin-k. is limited by ,STCap-k..
	22.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be converted to a pseudo-unit constraint, where for each pseudo-unit k ∈ A:
	22.3.5.2 If pseudo-units with sufficient steam turbine capacity are not committed, then the day-ahead market calculation engine shall not convert the entire quantity of the steam turbine minimum constraint to pseudo-unit constraints.
	22.3.5.3 The steam turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	22.3.5.4 If the steam turbine minimum and maximum constraints are equal but do not convert to equal pseudo-unit minimum and maximum constraints, then the steam turbine minimum constraint conversion in section 22.3.5.1 shall be used to determine equal ...


	22.4 Conversion of Pseudo-Unit Schedules to Physical Resource Schedules
	22.4.1 For a combined cycle facility with 𝐾 combustion turbines and one steam turbine, the day-ahead market calculation engine shall compute the following energy and operating reserve schedules for hours h ∈ {1, . . , 24}:
	22.4.1.1 ,CTE-h,k. designates the energy schedule for combustion turbine k ∈ {1, . . ,K};
	22.4.1.2 ,STPE-h,k. designates the energy schedule for the steam turbine portion of pseudo-unit k ∈ {1, . . ,K};
	22.4.1.3 ,STE-h. designates the energy schedule for the steam turbine;
	22.4.1.4 ,CT10S-h,k. designates the synchronized ten-minute operating reserve schedule for combustion turbine k ∈ {1, . . ,K};
	22.4.1.5 ,STP10S-h,k. designates the synchronized ten-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1, . . ,K};
	22.4.1.6 ,ST10S-h. designates the synchronized ten-minute operating reserve schedule for the steam turbine;
	22.4.1.7 ,CT10N-h,k. designates the non-synchronized ten-minute operating reserve schedule for combustion turbine k ∈ {1, . . ,K};
	22.4.1.8 ,STP10N-h,k. designates the non-synchronized ten-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1, . . ,K};
	22.4.1.9 ,ST10N-h. designates the non-synchronized ten-minute operating reserve schedule for the steam turbine;
	22.4.1.10 ,CT30R-h,k. designates the thirty-minute operating reserve schedule for combustion turbine k ∈ {1, . . ,K};
	22.4.1.11 ,STP30R-h,k. designates the thirty-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1, . . ,K}; and
	22.4.1.12 ,ST30R-h. designates the thirty-minute operating reserve schedule for the steam turbine.

	22.4.2 The day-ahead market calculation engine shall determine the following energy and operating reserve schedules for pseudo-unit k ∈ {1, . . ,K} in hour h ∈ {1, . . , 24}:
	22.4.2.1 ,SE-h,k. designates the total amount of energy scheduled and ,SE-h,k. = ,SEMLP-h,k. + ,SEDR-h,k. +, SEDF-h,k. where:
	22.4.2.1.1 ,SEMLP-h,k. designates the portion of the schedule corresponding to the minimum loading point region, where 0≤,SEMLP-h,k.≤,QMLP-h,k.;
	22.4.2.1.2 ,SEDR-h,k. designates the portion of the schedule corresponding to the dispatchable region, where 0≤,SEDR-h,k.≤,QDR-h,k. and ,SEDR-h,k.>0 only if ,SEMLP-h,k.=,QMLP-h,k.; and
	22.4.2.1.3 ,SEDF-h,k. designates the portion of the schedule corresponding to the duct firing region, where 0≤,SEDF-h,k.≤,QDF-h,k. and ,SEDF-h,k.>0 only if ,SEDR-h,k.=,QDR-h,k.;
	22.4.2.2 ,S10S-h,k. designates the total amount of synchronized ten-minute operating reserve scheduled;
	22.4.2.3 ,S10N-h,k. designates the total amount of non-synchronized ten-minute operating reserve scheduled. If the pseudo-unit  cannot provide operating reserve from its duct firing region then 0≤,SE-h,k.+,S10S-h,k.+,S10N-h,k.≤,QMLP-h,k.+,QDR-h,k.; and
	22.4.2.4 ,S30R-h,k. designates the total amount of thirty-minute operating reserve scheduled, where 0≤,SE-h,k.+,S10S-h,k.+,S10N-h,k.+,S30R-h,k.≤,QMLP-h,k.+,QDR-h,k.+,QDF-h,k..

	22.4.3 The day-ahead market calculation engine shall convert pseudo-unit schedules to physical generation resource schedules for energy and operating reserve, as follows:
	22.4.3.1 If ,𝑆𝐸-ℎ,𝑘.≥,𝑀𝐿𝑃-ℎ,𝑘., then:


	,𝐶𝑇𝐸-ℎ,𝑘.=,𝑆𝐸𝑀𝐿𝑃-ℎ,𝑘.∙,𝐶𝑇𝑆ℎ𝑎𝑟𝑒𝑀𝐿𝑃-𝑘.+,𝑆𝐸𝐷𝑅-ℎ,𝑘.∙,𝐶𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.;
	,𝑆𝑇𝑃𝐸-ℎ,𝑘.=,𝑆𝐸𝑀𝐿𝑃-ℎ,𝑘.∙,𝑆𝑇𝑆ℎ𝑎𝑟𝑒𝑀𝐿𝑃-𝑘.+,𝑆𝐸𝐷𝑅-ℎ,𝑘.∙,𝑆𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.+,𝑆𝐸𝐷𝐹-ℎ,𝑘.;
	,𝑅𝑜𝑜𝑚𝐷𝑅-ℎ,𝑘.=,𝑄𝐷𝑅-ℎ,𝑘.−,𝑆𝐸𝐷𝑅-ℎ,𝑘.;
	,10𝑆𝐷𝑅-ℎ,𝑘.=,𝑚𝑖𝑛-,,𝑅𝑜𝑜𝑚𝐷𝑅-ℎ,𝑘.,,𝑆10𝑆-ℎ,𝑘...;
	,10𝑁𝐷𝑅-ℎ,𝑘.=,𝑚𝑖𝑛-,,𝑅𝑜𝑜𝑚𝐷𝑅-ℎ,𝑘.−,10𝑆𝐷𝑅-ℎ,𝑘.,,𝑆10𝑁-ℎ,𝑘...;
	,30𝑅𝐷𝑅-ℎ,𝑘.=,𝑚𝑖𝑛-,,𝑅𝑜𝑜𝑚𝐷𝑅-ℎ,𝑘.−,10𝑆𝐷𝑅-ℎ,𝑘.−,10𝑁𝐷𝑅-ℎ,𝑘.,,𝑆30𝑅-ℎ,𝑘...;
	,𝐶𝑇10𝑆-ℎ,𝑘.=,10𝑆𝐷𝑅-ℎ,𝑘.∙,𝐶𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.;
	,𝑆𝑇𝑃10𝑆-ℎ,𝑘.=,10𝑆𝐷𝑅-ℎ,𝑘.∙,𝑆𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.+,,𝑆10𝑆-ℎ,𝑘.−,10𝑆𝐷𝑅-ℎ,𝑘..;
	,𝐶𝑇10𝑁-ℎ,𝑘.=,10𝑁𝐷𝑅-ℎ,𝑘.∙,𝐶𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.;
	,𝑆𝑇𝑃10𝑁-ℎ,𝑘.=,10𝑁𝐷𝑅-ℎ,𝑘.∙,𝑆𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.+,,𝑆10𝑁-ℎ,𝑘.−,10𝑁𝐷𝑅-ℎ,𝑘..;
	,𝐶𝑇30𝑅-ℎ,𝑘.=,30𝑅𝐷𝑅-ℎ,𝑘.∙,𝐶𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.; and
	,𝑆𝑇𝑃30𝑅-ℎ,𝑘.=,30𝑅𝐷𝑅-ℎ,𝑘.∙,𝑆𝑇𝑆ℎ𝑎𝑟𝑒𝐷𝑅-𝑘.+(,𝑆30𝑅-ℎ,𝑘.−,30𝑅𝐷𝑅-ℎ,𝑘.).
	22.4.3.2 If ,SE-h,k.<,MLP-h,k. and is ramping to minimum loading point, then the conversion shall be determined by the ramp up energy to minimum loading point.
	22.4.3.3 The steam turbines portion schedules from section 22.4.3.1 shall be summed to obtain the steam turbine schedule as follows:
	,𝑆𝑇𝐸-ℎ.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃𝐸-ℎ,𝑘..;
	,𝑆𝑇10𝑆-ℎ.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑆-ℎ,𝑘..;
	,𝑆𝑇10𝑁-ℎ.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑁-ℎ,𝑘..; and
	,𝑆𝑇30𝑅-ℎ.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃30𝑅-ℎ,𝑘...


	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 ,SPEmT-h,c,f-p. designates the Pass 𝑝 shadow price for the post-contingency transmission constraint for facility f ∈ F in contingency c ∈ C  in hour ℎ;
	23.2.1.2 ,SPExtT-h,z-p. designates the Pass 𝑝 shadow price for the import or export limit constraint z ∈ ,Z-Sch. in hour ℎ;
	23.2.1.3 ,SPL-h-p. designates the Pass 𝑝 shadow price for the energy balance constraint in hour ℎ;
	23.2.1.4 ,SPNIUExtBwdT-h-p. 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;
	23.2.1.5 ,SPNIDExtBwdT-h-p. designates the Pass 𝑝 shadow price for the net interchange scheduling limit constraint limiting decreases in net imports between hour (ℎ−1) and hour ℎ;
	23.2.1.6 ,SPNIUExtFwdT-h-p. designates the Pass 𝑝 shadow price for the net interchange scheduling limit constraint limiting increases in net imports between hour ℎ and hour (ℎ+1);
	23.2.1.7 ,SPNIDExtFwdT-h-p. designates the Pass 𝑝 shadow price for the net interchange scheduling limit constraint limiting decreases in net imports between hour ℎ and hour (ℎ+1);
	23.2.1.8 ,SPNormT-h,f-p. designates the Pass 𝑝 shadow price for the pre-contingency transmission constraint for facility f ∈ F in hour ℎ;
	23.2.1.9 ,SP10S-h-p. designates the Pass 𝑝 shadow price for the total synchronized ten-minute operating reserve requirement constraint in hour ℎ;
	23.2.1.10 ,SP10R-h-p. designates the Pass 𝑝 shadow price for the total ten-minute operating reserve requirement constraint in hour ℎ;
	23.2.1.11 ,SP30R-h-p. designates the Pass 𝑝 shadow price for the total thirty-minute operating reserve requirement constraint in hour ℎ;
	23.2.1.12 ,SPREGMin10R-h,r-p. designates the Pass 𝑝 shadow price for the minimum ten-minute operating reserve constraint for region r∈ORREG in hour ℎ;
	23.2.1.13 ,SPREGMin30R-h,r-p. designates the Pass 𝑝 shadow price for the minimum thirty-minute operating reserve constraint for region r∈ORREG in hour ℎ;
	23.2.1.14 ,SPREGMax10R-h,r-p. designates the Pass 𝑝 shadow price for the maximum ten-minute operating reserve constraint for region r∈ORREG in hour ℎ; and
	23.2.1.15 ,SPREGMax30R-h,r-p. 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 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,...
	23.3.1.1.1 ,𝐿𝑀𝑃-ℎ,𝑏-𝑝. designates the Pass 𝑝 hour ℎ locational marginal price for energy;
	23.3.1.1.2 ,𝑃𝑅𝑒𝑓-ℎ-𝑝. designates the Pass 𝑝 hour ℎ energy locational marginal price for energy at the reference bus;
	23.3.1.1.3 ,𝑃𝐿𝑜𝑠𝑠-ℎ,𝑏-𝑝. designates the Pass 𝑝 hour ℎ loss component; and
	23.3.1.1.4 ,𝑃𝐶𝑜𝑛𝑔-ℎ,𝑏-𝑝. designates the Pass 𝑝 hour ℎ congestion component.
	23.3.1.2 The day-ahead market calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy at the reference bus, a loss component and a congestion component for Pass 𝑝∈,1,3. at bus 𝑏∈𝐿 i...
	23.3.1.3 If the initial locational marginal price for energy at the reference bus (,𝐼𝑛𝑖𝑡𝑃𝑅𝑒𝑓-ℎ-𝑝.) is not within the settlement bounds (𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐹𝑙𝑟, 𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙), then the day-ahead market calculation engine shall modify t...
	If Init,PRef-h-p .> EngyPrcCeil , ,PRef-h-p. = 𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙
	If ,InitPRef-h-p. < EngyPrcFlr, ,PRef-h-p. = EngyPrcFlr
	Otherwise, ,PRef-h-p. = ,InitPRef-h-p.
	23.3.1.4 If the initial locational marginal price for energy (,𝐼𝑛𝑖𝑡𝐿𝑀𝑃-ℎ,𝑏-𝑝.) is not within the settlement bounds (𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐹𝑙𝑟, 𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙), then the day-ahead market calculation engine shall modify the locational margin...
	If ,InitLMP-h,b-p. > EngyPrcCeil, ,𝐿𝑀𝑃-ℎ,𝑏-𝑝.=𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙
	If ,InitLMP-h,b-p. < EngyPrcFlr, ,LMP-h,b -p.= EngyPrcFlr
	Otherwise, ,LMP-h,b-p. = ,InitLMP-h,b-p.
	23.3.1.5 The day-ahead market calculation engine shall modify the loss component as follows:
	If ,PRef-h-p.≠,InitPRef-h-p., then ,PLoss-h,b-p. = ,MglLoss-h,b-p.∙,PRef-h-p.
	Otherwise, ,PLoss-h,b-p. =, InitPLoss-h,b-p.
	23.3.1.6 The day-ahead market calculation engine shall modify the congestion component as follows:
	If ,LMP-h,b-p. −,PRef-h-p.−,PLoss-h,b-p. and Init,PCong-h,b-p. have the same mathematical sign, then ,PCong-h,b-p.= ,LMP-h,b-p. −,PRef-h-p.−,PLoss-h,b-p.
	Otherwise, ,PCong-h,b-p.=0 and ,PLoss-h,b-p.=,LMP-h,b-p.−,PRef-h-p.

	23.3.2 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-h,d-p. designates the Pass 𝑝 hour ℎ locational marginal price for energy;
	23.3.2.1.2 ,IntLMP-h,d-p. designates the Pass 𝑝 hour ℎ intertie border price for energy;
	23.3.2.1.3 ,ICP-h,d-p. designates the Pass 𝑝 hour ℎ intertie congestion price;
	23.3.2.1.4 ,PRef-h-p. designates the Pass 𝑝 hour ℎ locational marginal price for energy at the reference bus;
	23.3.2.1.5 ,PLoss-h,d-p. designates the Pass 𝑝 hour ℎ loss component;
	23.3.2.1.6 ,PIntCong-h,d-p. designates the Pass 𝑝 hour ℎ internal congestion component for energy;
	23.3.2.1.7 ,PExtCong-h,d-p. designates the Pass 𝑝 hour ℎ external congestion component for the intertie congestion price; and
	23.3.2.1.8 ,PNISL-h,d-p. 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 inter...
	23.3.2.3 If the initial locational marginal price for energy (𝐼𝑛𝑖𝑡𝐸𝑥𝑡,𝐿𝑀𝑃-ℎ,𝑑-𝑝.) is not within the settlement bounds (𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐹𝑙𝑟, 𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙), then the day-ahead market calculation engine shall modify the intertie bo...
	23.3.2.3.1 The initial locational marginal price for the reference bus (,𝐼𝑛𝑖𝑡𝑃𝑅𝑒𝑓-ℎ-𝑝.) shall be modified per section 23.3.1.3;
	23.3.2.3.2 The initial intertie border price (,𝐼𝑛𝑖𝑡𝐼𝑛𝑡𝐿𝑀𝑃-ℎ,𝑑-𝑝.) shall be modified per section 23.3.1.4, where ,𝐼𝑛𝑖𝑡𝐿𝑀𝑃-ℎ,𝑏-𝑝. = ,𝐼𝑛𝑖𝑡𝐼𝑛𝑡𝐿𝑀𝑃-ℎ,𝑑-𝑝.;
	23.3.2.3.3 The initial loss component (,𝐼𝑛𝑖𝑡𝑃𝐿𝑜𝑠𝑠-ℎ,𝑏-𝑝.) shall be modified per section 23.3.1.5; and
	23.3.2.3.4 The initial congestion component (𝐼𝑛𝑖𝑡,𝑃𝐶𝑜𝑛𝑔-ℎ,𝑏-𝑝.) shall be modified per section 23.3.1.6.
	23.3.2.4 If the initial locational marginal price for energy (𝐼𝑛𝑖𝑡𝐸𝑥𝑡,𝐿𝑀𝑃-ℎ,𝑑-𝑝.) is not within the settlement bounds (𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐹𝑙𝑟, 𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙), then the day-ahead market calculation engine shall modify the locational ...
	If Init,ExtLMP-h,d-p. > EngyPrcCeil, set ,ExtLMP-h,d - p.= EngyPrcCeil
	23.3.2.5 If the modified locational marginal price for energy (,ExtLMP-h,d-p.) is equal to the intertie border price for energy (,IntLMP-h,d-p.), then the day-ahead market calculation engine shall modify the external congestion component for the inter...
	If ,ExtLMP-h,d-p. = ,IntLMP-h,d-p., set ,PExtCong-h,d-p. = 0 and ,PNISL-h,d-p. = 0
	23.3.2.6 If the modified locational marginal price for energy (,𝐸𝑥𝑡𝐿𝑀𝑃-ℎ,𝑑-𝑝.) is not equal to the intertie border price for energy (,𝐼𝑛𝑡𝐿𝑀𝑃-ℎ,𝑑-𝑝.), then the day-ahead market calculation engine shall modify the external congestion com...
	23.3.2.7 The day-ahead market calculation engine shall calculate the intertie congestion price as follows:
	23.3.2.8 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 with the same boundary entity ...
	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 ...

	23.3.3 Zonal Prices for Energy
	23.3.3.1 The day-ahead market calculation engine shall calculate the zonal price for energy and its components for each Pass p ∈ {1,3} and hour h ∈ {1, . . , 24} for each virtual transaction zone 𝑚∈𝑀, as follows:
	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 h ∈ {1, . . , 24} for non-dispatchable load zone, 𝑦∈𝑌 as follows:

	23.3.4 Pseudo-Unit Pricing
	23.3.4.1 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 every pseudo-unit 𝑘 ∈ {1,..,𝐾} where:
	23.3.4.1.1 ,𝐶𝑇𝑀𝑔𝑙𝐿𝑜𝑠𝑠-ℎ,𝑘-𝑝. designates the marginal loss factor for the combustion turbine identified by pseudo-unit k for hour h in Pass p;
	23.3.4.1.2 ,𝑆𝑇𝑀𝑔𝑙𝐿𝑜𝑠𝑠-ℎ,𝑘-𝑝. designates the marginal loss factor for the steam turbine identified by pseudo-unit k for hour h in Pass p;
	23.3.4.1.3 ,𝐶𝑇𝑃𝑟𝑒𝐶𝑜𝑛𝑆𝐹-ℎ,𝑓,𝑘. designates the pre-contingency sensitivity factor for the combustion turbine identified by pseudo-unit k on facility f during hour h under pre-contingency conditions;
	23.3.4.1.4 ,𝑆𝑇𝑃𝑟𝑒𝐶𝑜𝑛𝑆𝐹-ℎ,𝑓,𝑘. designates the pre-contingency sensitivity factor for the steam turbine identified by pseudo-unit k on facility f during hour h under pre-contingency conditions;
	23.3.4.1.5 ,𝐶𝑇𝑆𝐹-ℎ,𝑐,𝑓,𝑘. designates the post-contingency sensitivity factor for the combustion turbine identified by pseudo-unit k on facility f during hour h under post-contigency conditions for contingency c; and
	23.3.4.1.6 ,𝑆𝑇𝑆𝐹-ℎ,𝑐,𝑓,𝑘. designates the post-contingency sensitivity factor for the steam turbine identified by pseudo-unit k on facility f during hour h under post-contingency conditions for contingency c.
	23.3.4.2 The day-ahead market calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy at the reference bus, a loss component and a congestion component for Pass 𝑝∈,1,3. for every pseu...
	23.3.4.3 If  pseudo-unit 𝑘 ∈ {1,..,𝐾} is scheduled within its Minimum Loading Point range or not scheduled at all, its marginal loss and sensitivity factors shall be:
	23.3.4.4 If pseudo-unit 𝑘 ∈ {1,..,𝐾} is scheduled within its dispatchable region, its marginal loss and sensitivity factors shall be:
	23.3.4.5 If pseudo-unit 𝑘 ∈ {1,..,𝐾} is scheduled within its duct firing region, its marginal loss and sensitivity factors shall be:


	23.4 Locational Marginal Prices for Operating Reserve
	23.4.1 Operating Reserve Locational Marginal Prices for Delivery Points
	23.4.1.1 The day-ahead market calculation engine shall calculate a 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 resou...
	23.4.1.1.1 ,L30RP-h,b-p. designates the Pass 𝑝 hour ℎ locational marignal price for thirty-minute operating reserve;
	23.4.1.1.2 ,P30RRef-h-p. designates the Pass 𝑝 hour ℎ locational marignal price for thirty-minute operating reserve at the reference bus;
	23.4.1.1.3 ,P30RCong-h,b-p. designates the Pass 𝑝 hour ℎ congestion component for thirty-minute operating reserve;
	23.4.1.1.4 ,L10NP-h,b-p. designates the Pass 𝑝 hour ℎ locational marignal price for non-synchronized ten-minute operating reserve;
	23.4.1.1.5 ,P10NRef-h-p. designates the Pass 𝑝 hour ℎ locational marignal price for non-synchronized ten-minute operating reserve at the reference bus;
	23.4.1.1.6 ,P10NCong-h,b-p. designates the Pass 𝑝 hour ℎ congestion component for non-synchronized ten-minute operating reserve;
	23.4.1.1.7 ,L10SP-h,b-p. designates the Pass 𝑝 hour ℎ locational marignal price for synchronized ten-minute operating reserve;
	23.4.1.1.8 ,P10SRef-h-p. designates the Pass 𝑝 hour ℎ locational marignal price for synchronized ten-minute operating reserve at the reference bus;
	23.4.1.1.9 ,P10SCong-h,b-p. designates the Pass 𝑝 hour ℎ congestion component for synchronized ten-minute operating reserve; and
	23.4.1.1.10 ,ORREG-b .⊆ 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 genera...
	23.4.1.3 If the initial locational marginal price at the reference bus (,InitP30RRef-h-p.,,InitP10NRef-h-p., or ,InitP10SRef-h-p.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead market calculation engine shall modify the...
	If I,InitP30RRef-h-p. > ORPrcCeil , ,P30RRef-h-p.=ORPrcCeil;
	If ,InitP30RRef-h-p.< ORPrcFlr, ,P30RRef-h -p.= ORPrcFlr; Otherwise, ,P30RRef-h-p.=,InitP30RRef-h-p..
	If ,InitP10NRef-h-p. > ORPrcCeil , ,P10NRef-h-p. = ORPrcCeil;
	If ,InitP10NRef-h-p. < ORPrcFlr, ,P10NRef-h -p.= ORPrcFlr; Otherwise, ,P10NRef-h-p.=,InitP10NRef-h-p..
	If ,InitP10SRef-h-p. > ORPrcCeil , ,P10SRef-h-p. = ORPrcCeil;
	If ,InitP10SRef-h-p. < ORPrcFlr, ,P10SRef-h-p. = ORPrcFlr; Otherwise, ,P10SRef-h-p.=,InitP10SRef-h-p.
	23.4.1.4 If the initial locational marginal price (,InitL30RP-h,b-p.,,InitL10NP-h,b-p.,or ,InitL10SP-h,b-p.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead market calculation engine shall modify the initial locational ma...
	If ,InitL30RP-h,b-p. > ORPrcCeil , ,L30RP-h,b-p. = ORPrcCeil;
	If ,InitL30RP-h,b-p. < ORPrcFlr, ,L30RP-h,b-p.=ORPrcFlr; Otherwise, ,L30RP-h,b-p.=,InitL30RP-h,b-p..
	If ,InitL10NP-h,b-p. > ORPrcCeil , ,L10NP-h,b-p. = ORPrcCeil;
	If ,InitL10NP-h,b-p. < ORPrcFlr, ,L10NP-h,b-p. = ORPrcFlr; Otherwise, ,L10NP-h,b-p.=,InitL10NP-h,b-p..
	If ,InitL10SP-h,b-p. > ORPrcCeil , ,L10SP-h,b - p.= ORPrcCeil;
	If ,InitL10SP-h,b-p. < ORPrcFlr, ,L10SP-h,b-p. = ORPrcFlr; Otherwise, ,L10SP-h,b-p. = ,InitL10SP-h,b-p.
	23.4.1.5 If the initial locational marginal price (,InitL30RP-h,b-p.,,InitL10NP-h,b-p., or, InitL10SP-h,b-p.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-ahead market calculation engine shall modify the congestion component...
	Set ,P30RCong-h,b-p. = ,L30RP-h,b-p.−,P30RRef-h-p.;
	Set ,P10NCong-h,b-p. = ,L10NP-h,b-p.−,P10NRef-h-p.; and
	Set ,P10SCong-h,b-p. = ,L10SP-h,b-p.−,P10SRef-h-p..

	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 p ∈ {1,3} and hour h ∈ {1, . . , 24} for intertie zone bus d ∈ D, where:
	23.4.2.1.1 ,ExtL30RP-h,d-p. designates the Pass 𝑝 hour ℎ locational marginal price for thirty-minute operating reserve;
	23.4.2.1.2 ,P30RRef-h-p. designates the Pass 𝑝 hour ℎ locational marginal price for thirty-minute operating reserve at the reference bus;
	23.4.2.1.3 ,P30RIntCong-h,d-p. designates the Pass 𝑝 hour ℎ internal congestion component for thirty-minute operating reserve;
	23.4.2.1.4 ,P30RExtCong-h,d-p. designates the Pass 𝑝 hour ℎ intertie congestion component for thirty-minute operating reserve;
	23.4.2.1.5 ,ExtL10NP-h,d-p. designates the Pass 𝑝 hour ℎ non-synchronized ten-minute operating reserve price;
	23.4.2.1.6 ,P10NRef-h-p. designates the Pass 𝑝 hour ℎ locational marginal price for non-synchronized ten-minute operating reserve at the reference bus;
	23.4.2.1.7 ,P10NIntCong-h,d-p. designates the Pass 𝑝 hour ℎ internal congestion component for non-synchronized ten-minute operating reserve;
	23.4.2.1.8 ,P10NExtCong-h,d-p. designates the Pass 𝑝 hour ℎ intertie congestion component for non-synchronized ten-minute operating reserve; and
	23.4.2.1.9 ,ORREG-d. ⊆ ORREG designates the subset of 𝑂𝑅𝑅𝐸𝐺 consisting of regions that include bus 𝑑.
	23.4.2.2 The day-ahead market calculation engine shall calculate an initial locational marginal price, a locational marginal price at the reference bus, an internal congestion component and an intertie congestion component for Pass 𝑝 at intertie zone...
	23.4.2.3 If the initial locational marginal price (,InitExtL30RP-h,b-p.) is not within the settlement bounds (ORPrcFlr,ORPrcCeil), then the day-ahead market calculation engine shall modify the initial locational marginal price, the locational marginal...
	IntL30R =,InitP30RRef-h-p. + ,InitP30RIntCong-h,d-p.
	If ,InitP30RRef-h-p. > ORPrcCeil , ,P30RRef-h-p. = ORPrcCeil ;
	If ,InitP30RRef-h-p. < ORPrcFlr, ,P30RRef-h-p. = ORPrcFlr; Otherwise, ,P30RRef-h-p. = ,InitP30RRef-h-p.;
	Set ,P30RIntCong-h,d-p. = ,ExtL30RP-h,d-p.−,P30RRef-h-p.
	If ,InitExtL30RP-h,b-p. > ORPrcCeil , ,ExtL30RP-h,b-p. = ORPrcCeil;
	If ,InitExtL30RP-h,b-p. < ORPrcFlr, ,ExtL30RP-h,b-p. = ORPrcFlr; Otherwise, ,ExtL30RP-h,b-p. = ,InitExtL30RP-h,b-p.; and
	Set ,P30RExtCong-h,d-p.=,ExtL30RP-h,b-p.−,P30RRef-h-p.−,P30RIntCong-h,d-p.
	23.4.2.4 If the initial locational marginal price (,𝐼𝑛𝑖𝑡𝐸𝑥𝑡𝐿10𝑁𝑃-ℎ,𝑏-𝑝.) is not within the settlement bounds (𝑂𝑅𝑃𝑟𝑐𝐹𝑙𝑟,𝑂𝑅𝑃𝑟𝑐𝐶𝑒𝑖𝑙), then the day-ahead market calculation engine shall modify the initial locational marginal p...
	IntL10N = ,InitP10NRef-h-p. + ,InitP10NIntCong-h,d-p.
	If ,InitP10NRef-h-p. > ORPrcCeil , ,P10NRef-h-p. = ORPrcCeil ;
	If ,InitP10NRef-h-p. < ORPrcFlr, ,P10NRef-h-p. = ORPrcFlr; Otherwise, ,P10NRef-h-p. =, InitP10NRef-h-p.;
	Set ,P10NCong-h,b-p. =, L10NP-h,b-p.−,P10NRef-h-p.
	If ,InitExtL10NP-h,b-p. > ORPrcCeil , ,ExtL10NP-h,b-p. = ORPrcCeil;
	If ,InitExtL10NP-h,b-p. < ORPrcFlr, ,ExtL10NP-h,b -p.= ORPrcFlr; Otherwise, ,ExtL10NP-h,b-p. =, InitExtL10NP-h,b-p.; and
	Set ,P10NExtCong-h,d-p. =, ExtL10NP-h,b-p.−,P10NRef-h-p.−,P10NIntCong-h,d-p.
	23.4.2.5 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...
	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 op...


	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 IESO in the order set out below to calculate the locational marginal ...
	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; (ii) 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 ...
	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 IESO, provided such node is connected to the main island;
	23.5.2.2 If no such nodes are identified, use the average locational marginal price for energy of all nodes at the same voltage level within the same facility that are connected to the main island;
	23.5.2.3 If no such nodes are identified, use the average locational marginal price for energy of all nodes within the same facility that are connected to the main island;
	23.5.2.4 If no such nodes are identified, use the average locational marginal price for energy of all nodes from another facility that is connected to the main island, as determined by the facility-level substitution list where defined and enabled by ...
	23.5.2.5 If a price 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.






