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Market Rule Amendment Proposal Form

Part 1 - Market Rule Information

Identification No.: MR-00459-R00

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

Chapter: 7

Appendix: Appendix 7.5A (New)

Sections:

Sub-sections
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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 7.5A — The Pre-Dispatch
Calculation Engine, while not shown as (redlined) changes to existing market
rules, represent entirely new sections in the market rules.

1 Appendix 7.2A5A — The Pre-Dispatch
Calculation Engine Process

11 Purpose

1.1.1 This appendix describes the process used by the pre-dispatch
calculation engine to determine commitments, schedules, and prices for
the pre-dispatch look-ahead period.

2 Pre-Dispatch Calculation Engine

21 Pre-Dispatch Look-Ahead Period

2.1.1 The pre-dispatch look-ahead period is the time horizon considered in the
multi-hour optimization. The pre-dispatch look-ahead period changes
depending on when the pre-dispatch calculation engine runs:

2.1.1.1  for the pre-dispatch calculation engine runs from +00:00 EST to 19:00
EST in the current dispatch day, the pre-dispatch look-ahead period
consists of the remaining hours of the current dispatch day; and
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2.1.1.2  for the pre-dispatch calculation engine runs from 20:00 EST to 23:00
EST in the current dispatch day, the pre-dispatch look-ahead period
consists of the remaining hours of the current dispatch day in addition
to all hours in the next dispatch day.

2.2 Pre-Dispatch Calculation Engine Pass
2.2.1 The pre-dispatch calculation engine shall execute one pass, Pass 1, the
Pre-Dispatch Scheduling Process Pass, in accordance with section 7, to

produce pre-dispatch schedules, commitments and locational marginal
prices:

3 Information Used by the Pre-Dispatch
Calculation Engine

3.1.1 The pre-dispatch calculation engine shall use the information in section
3A.1 of Chapter 7.

4 Sets, Indices and Paramaters Used in
the Pre-Dispatch Calculation Engine
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4.1 Fundamental Sets and Indices

Page 4 of 151

4.1.1

4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

A designates the set of all intertie zones;

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

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

BPL c Bdesignates the set of buses identifying dispatchable loads;

BPLR < BPG designates the subset of buses identifying energy limited
resources;,

B"PR ¢ B designates the set of buses identifying hourly demand
response resources,

B"E € BP¢ designates the subset of buses identifying dispatchable
hydroelectric generation resources;

(BE) designates the set of all subsets of the set B7;

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

registered forebay;

BIE ¢ ( BF) 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;

BYE ¢ B"E designates the subset of buses identifying dispatchable
hydroelectric generation resources in set s € SHE:

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

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

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

4.1.28

4.1.29

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

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

By" < B”Y designates the subset of buses identifying pseudo-units with
a share of steam turbine p € PST,

B"¢ € BP¢ designates the subset of buses identifying dispatchable
variable generation resources,

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,

DAYS designates the set of days in the look-ahead period. If the look-
ahead period spans one day, then DAYS = {tod}. If the look-ahead
period spans two days, then DAYS = {tod, tom};

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

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

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

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

DI, € D, designates the subset of intertie zone buses identifying
boundary entity resources that correspond to import offers in intertie
zone a € 4;

DIAPEX ¢ DI designates the intertie zone source buses identifying
import offers flagged as capacity imports in time-step ¢t € {4,...11;4p};

DIFM ¢ DI designates the intertie zone buses corresponding to
emergency energy import transactions for time-step t€ 7.;

DIEMNS ¢ DIEM designates the intertie zone buses corresponding to
emergency energy import transactions that do not support emergency
energy export transactions in time-step t€ 75
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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

4.1.41

4.1.42

4.1.43

DIPNP € DI designates the intertie zone buses corresponding to
inadvertent energy payback import transactions for time-step t€ 7.

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

DXCPEX € DX designates the intertie zone sink buses identifying export
bids flagged as capacity exports in time-step ¢,

DXINP € DX designates the intertie zone buses corresponding to
inadvertent energy payback export transactions for time-step £ € 7.5;

DX c DX designates the intertie zone buses corresponding to
emergency energy export transactions for time-step t€ 75,

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 time step fas determined by a preceding security assessment
function iteration;

F; . € Fdesignates the set of facilities whose post-contingency limit for
contingency c is violated in time step t as determined by a preceding
security assessment function iteration;

/fb designates the set of bid laminations for energy at bus b € BU DX for
time-step t€ T;

/},25 designates the set of offer laminations for synchronized fen-minute
operating reserve at bus b € B for time-step t€ 75

J ’},25 designates the set of reference level value laminations for

synchronized fen-minute operating reserve at bus b € B for time-step
te TS,

/},SN designates the set of offer laminations for non-synchronized ten-
minute operating reserve at bus b € BU DX for time-step t€ T§;

JAON designates the set of reference level value laminations for non-

synchronized fen-minute operating reserve at bus b € B for time-step
te TS

[’?,R designates the set of offer laminations for thirty-minute operating
reserve offer at bus b € BU DX for time-step t€ 75,

Public IMO_FORM_1087v13.00
REV-21-06



Page 7 of 151

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

4.1.53

4.1.54

4.1.55

4.1.56

J'39R designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for time-step t€ 7S;

K7}, € K}, designates the set of offer laminations for energy

corresponding to the duct firing region of a pseudo-unit at bus b € B™V
for time-step ¢t € 7S;

K77 © K%, designates the set of offer laminations for energy
corresponding to the dispatchable region of a pseudo-unit at bus
b € BPSY for time-step t€ TS

I(f , designates the set of offer laminations for energy at bus b€ BU DI
for time-step t€ TS.

K fb designates the set of reference level value laminations for energy at
bus b € B for time-step t€ TS

[(f, TMLP designates the set of offer laminations for energy quantities up to
the minimum loading point for a non-quick start resource at
bus b € BY%for time-step t€ TS

K, ;,LbT MLFdesignates 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 for time-step t€ TS

1(},9,5 designates the set of offer laminations for synchronized fen-minute
operating reserve at bus b € B for time-step t€ TS,

K, 2% designates the set of reference level value laminations for

synchronized ten-minute operating reserve at bus b € B for time-step
te TS

K}’gN designates the set of offer laminations for non-synchronized ten-

minute operating reserve at bus b € BU DI for time-step t€ 7;

IOV designates the set of reference level value laminations for non-

synchronized fen-minute operating reserve at bus b € Bfor time-step
te7Ts;

52’? designates the set of offer laminations for thirty-minute operating
reserve at bus b € BU DI for time-step t€ T.;

K ’%gR designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for time-step ¢t € 75,
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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

4.1.68

4.1.69

4.1.70

4.1.71

4.1.72

4.1.73

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;

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

LVIRT ¢ I, 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(A 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;

THERM = {COLD, WARM,HOT} designates the set of thermal states for
non-quick start resources;

7S={2,.,n;4p} designates the set of all time-steps in the look-ahead
period that are included in the pre-dispatch calculation engine
optimization, where n;4p designates the number of time-steps in the
look-ahead period,

7S,,4 € TS designates the time-steps in the look-ahead period that are
part of the current dispatch day,

TS,,m € TS designates the time-steps in the look-ahead period that are
part of the next dispatch day;

7S5C, © TS designates the set of time-steps representing the first hour of
a day-ahead operational commitment for the resource at bus b € B,

tiom € TS;,m designates the first time-step of the next dispatch day;
Ydesignates the non-dispatchable load zones in Ontario; and

Zsqp designates the set of all infertie limit constraints.
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4.2 Market Participant Data Parameters

4.2.1 With respect to a non-dispatchable generation resource identified by
bus b € BYPC;

42.1.1 QNDG, i designates the maximum incremental quantity of energy
that may be scheduled in time-step ¢ € 75 in association with offer
lamination k€ K’f ; and

42.1.2  PNDG, designates the price for the maximum incremental quantity
of energy in time-step ¢ € 7.5in association with offer lamination k€

Kz

422 With respect to a dispatchable generation resource identified by bus
be B¢

422.1 MinQDG, ;, designates the minimum loading point for day g € DAYS;

4222 QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in time-step
t€ TS'in association with offer lamination k€ Kf ;

4223  PDG, designates the price for the maximum incremental quantity of
energy in time-step £ € 75in association with offer lamination

kEKf;

4224  (Q10S5DG,y  designates the maximum incremental quantity of
synchronized fen-minute operating reserve in time-step t€ 7.5in

association with offer lamination kK € K},gs;

4225  P10SDG,p  designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in time-step

t€ TS1in association with offer lamination & € 1(},25 ;

4226 Q10NDG,, ; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve in time-step t€ 75in
association with offer lamination k € ;,’,N ;

4227  P1ONDG, designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in time-

step t€ 7S1n association with offer lamination k€ C?,” ;

4228  @30RDG,y  designates the maximum incremental quantity of thirty-
minute operating reserve in time-step ¢ € 7.51n association with offer

S 0R.
lamination k€ K,";
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4229

4.2.2.10

42211

42212

4.2.2.13

4.2.2.14

4.2.2.15

4.2.2.16

423

4231

4232

4233

P30RDG,,, designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step t€ 75in

association with offer lamination k€ K39%;

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

NumRRDG,;, designates the number of ramp rates provided in time-
step t€ TS

RmpRngMaxDG,,,,, for we {1,.,NumRRDG, ,} designates the w"
ramp rate break point in time-step t€ 75;

URRDG,,,, for we {1,.,NumRRDG, ;} designates the maximun
ramp rate in MW per minute at which the resource can increase the
amount of energy it supplies in time-step € 75 while operating in the
range between RmpRngMaxDG,, .., and RmpRngMaxDG, j,,, where
RmpRngMaxDG, shall be equal to zero;

DRRDG,,,, for we {1,.,NumRRDG, j,} designates the maximum
ramp rate in MW per minute at which the resource can decrease the
amount of energy it supplies in time-step £ € 7.5 while operating in the
range between RmpRngMaxDG,, ., and RmpRngMaxDG, ;,,,, where
RmpRngMaxDG, shall be equal to zero;

RLP30 R, designates the reserve loading point for thirty-minute
operating reserve in time-step t€ 7.5, and

RLP10S,, designates the reserve loading point for synchronized ten-
minute operating reserve in time-step t€ 75.

With respect to a dispatchable non-quick start resource identified by
bus b€ BV :
LT, designates the lead time in dispatch day q € DAYS for thermal
state m € THERM,

MGODG,j, designates the minimum generation cost to operate at
minimum loading point in time-step ¢ € 7. This parameter is
calculated as follows:

MGODG,, = SNL,,+ Z PLTMLP, )1 QLTMLP, ).

TMLP
keky}

MGBRTDG, ;, designates the minimum generation block run-time
within dispatch day q € DAYS,
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4233

4234

4235

423.6

4.2.3.7

4238

4239

4.2.3.10

4.2.3.11

4.2.3.12
4.23.13

4.23.14

4.2.3.15

4.2.4
4241

MGBRTDG, ), designates the minimum generation block run-time
within dispatch day q € DAYS.

MaxStartsDG, , designates the maximum number of starts per day
within dispatch day q € DAYS.

MGBDT. DGg gT designates the minimum generation block down-time
for a hot thermal state within dispatch day q € DAYS,

MGBDT. DG%RM designates the minimum generation block down-time
for a warm thermal state in dispatch day q € DAYS,

MGBDT. DGggLD designates the minimum generation block down-time
for a cold thermal state in dispatch day q € DAYS;

PLTMLPF,,; designates the price for the maximum incremental

quantity of energy up to the minimum loading point that may be
scheduled in time-step ¢ € 7.5in association with offer lamination

ke Ké,[?;MLP;

QLTMLF, , ; designates the maximum incremental quantity of energy
up to the minimum loading point that may be scheduled in time-step
t€ TS1n association with offer lamination X € KQZMLP ;

RampEf]’fb,W designates the ramp up energy to minimum loading point
in dispatch day q € DAYS for w€ {1,.,RampHrsg),} and thermal state
m € THERM,

RampHrs), designates the ramp hours to minimum loading point in
dispatch day q € DAYS for thermal state m € THERM,

SNL,, designates the speed no-load offer in time-step t€ TS,

SUDGY}, designates the start-up offer in time-step t € TS for thermal
state m € THERM,

SUDG%M designates the start-up offer used to evaluate the day-ahead
market commitment starting in time-step t€ 75C,;

S UAdeG’Z’b designates the start-up offer that the optimization function

will evaluate in time-step ¢ € 7S under thermal state m.

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

MaxDEL, ), designates the maximum daily energy limit for a single

resource with or without a registered forebay within dispatch day
g€ DAYS.

Public IMO_FORM_1087v13.00
REV-21-06



Page 12 of 151

4.2.5

42.5.1
4.2.5.2
4253

4254

4.2.5.5

4.2.5.6

4.2.6

4.2.6.1

4.2.6.2

4.2.7

4.2.7.1

4.2.7.2

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

MinHMR, , designates the hourly must-run value in time-step t€ 7T5;
MinHO,, designates the minimum hourly output in time-step t€ 7,

MinDEL,, designates the minimum daily energy limit for a single

resource with of without a registered forebay within dispatch day
q € DAYS;

MaxStartsHE, , designates the maximum number of starts per day
within dispatch day q € DAYS:

StartMW,,; for 1 € {1,.., NStartMW}} designates the start indication
value for measuring maximum number of starts per day; a start is

counted between time-step ¢tand (£+ 1) if the schedule increases from
below StartMW),; to at or above StartMW},;; and

(ForLgy,, ForlU,,)) for i € {1,.,NFor,,} designates the lower and
upper limits of the forbidden regions and indicate that the resource
cannot be scheduled between ForL,,;,; and ForU,,,for all i €

{1,.,NFor,,/ within dispatch day q € DAYS.

With respect to multiple dispatchable hydroelectric generation
resources with a registered forebay:
MaxSDEL, ¢ designates the maximum daily energy limit shared by all

dispatchable hydroelectric generation resources in set s € SHE for
dispatch day q € DAYS, and

MinSDEL, ; designates the minimum daily energy limit shared by all

dispatchable hydroelectric generation resources in set s € SHE within
dispatch day q € DAYS.

With respect to a dispatchable hydroelectric generation resource for
which a MWh ratio was respected:
LNK, < B{Z’f XxB'E designates the set of linked dispatchable

hydroelectric generation resources tor dispatch day q € DAYS, where
LNK, designates a set with elements of the form (b, b,) where b; €

1’3{3{;F and b, € B,

Lagyp, b, € {0,.,23} designates the time lag in hours between
upstream dispatchable hydroelectric generation resources by € BZJE

and downstream dispatchable hydroelectric generation resources
b, € Blj! for (by,b,) € LNK,, for dispatch day q € DAYS; and
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4.2.73

4.2.8
42.38.1

4282

4.2.83

4.2.84

4.2.9
429.1

4.2.9.2

4293

4294

4.2.9.5

MWhRatio,, j, designates the MWh ratio between upstream
dispatchable hydroelectric generation resources by € BquE and

downstream dispatchable hydroelectric generation resources b, € B~
for (by,b,) € LNK, for dispatch day q € DAYS.

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

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

STShareDR, designates the steam turbine share of the dispatchable
region;
RampCTy), , designates the quantity of energy injected whours before

the pseudo-unit reaches its minimum loading point in dispatch day
q € DAYS and thermal state m € THERM that is attributed to the
combustion turbine for we {1,..,RampHrSg”b}; and

RampS1Ty), ,, designates the quantity of energy injected w hours before
the pseudo-unit reaches its minimum loading point in dispatch day

q € DAYS for thermal state m € THERM that is attributed to the steam
turbine for we {1,..,RampHrsg,’b}.

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

QDL designates the maximum incremental quantity of energy that
may be scheduled in time-step £€ 7.5in association with bid
lamination j € /fb;

PDL,y,; designates the price for the maximum incremental quantity of
energy in time-step ¢ € 75 in association with bid lamination j € ]fb;

Q105DLy,,; designates the maximum incremental quantity of
synchronized fen-minute operating reserve that may be scheduled in

time-step £ € 7.5in association with offer lamination j € ]}/25 ;

P10SDL;,; designates the price for the maximum incremental
quanitity of synchronized ten-minute operating reserve in time-step

t € TSin association with offer lamination j € }/25 ;

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

time-step £ € 7.5in association with offer lamination j € ]}/2” ;
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4.2.9.6

4.29.7

4298

4.2.9.9

4.2.9.10

4.2.9.11

4.2.9.12

4.29.13

4.2.9.14

4.2.10

4.2.10.1

4.2.10.2
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P1ONDL,,; designates the price for the maximum incremental
quantity of non-synchronized fen-minute operating reserve in time-

step t€ TSin association with offer lamination j € /;p";

@30RDL,,; designates the maximum increamental quantity of thirzy-
minute operating reserve that may be scheduled in time-step € 7Sin
association with offer lamination j € jzgR;

P30RDL,,; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in time-step t€ 75in
association with offer lamination j € ]22}3;

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

NumRRDL, , designates the number of ramp rates provided in time-
step t€ TS;

RmpRngMaxDL,,,,, for w€ {1,.,NumRRDL, ,} designates the w™
ramp rate break point in time-step t€ 75;

URRDL,,,,, for w€ {1,.,NumRRDL, ,} designates the maximum ramp
rate in MW per minute at which the dispatchable load can increase its
amount of energy consumption in time-step t€ 7.5 while operating in
the range between RmpRngMaxDL,,, ., and RmpRngMaxDL,y, ,,
where RmpRngMaxDL, j o, shall be equal to zero;

DRRDL,,, ,, for we€ {1,.,NumRRDL, ,} designates the maximum ramp
rate in MW per minute at which the dispatchable load can decrease its
amount of energy consumption in time-step £€ 7.5 while operating in
the range between RmpRngMaxDL,, 1 and RmpRngMaxDL,,,,
where RmpRngMaxDL, , o shall be equal to zero; and

QDLFIRM, ;, designates the quantity of energy that is bid at the
maximum market clearing price in time-step t € T5.

With respect to an hourly demand response resource identified by bus
be BPR:
QHDR,,; designates an maximum incremental quantity of reduction in
energy consumption that may be scheduled in time-step € 7.Sin
association with bid lamination j € /;,;

PHDR,,; designates the price for the maximum incremental quantity
of reduction in energy consumption for time-step £ € 7.5in association
with bid lamination j € ]fb;
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4.2.10.2

4.2.10.3

4.2.10.4

4.2.11

4.2.11.1

42.11.2

42113

42.11.4

4.2.11.5

4.2.11.6
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PHDR,,; designates the price for the maximum incremental quantity
of reduction in energy consumption for time-step £ € 7.5in association
with bid lamination j € /fb;

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 boundary entity resource import from intertie zone bus
d € DI where the locational marginal price represents the price for the
intertie metering point:

QIG, 4 designates the maximum incremental quantity of energy that

may be scheduled to import in time-step £ € 7.5in association with
offer lamination kK € Kf ;

PIG, 4 designates the price for the maximum incremental quantity of
energy may be scheduled to import in time-step ¢ € 7.5'in association
with offer lamination k€ Kf ;

Q1ONIG, 4 designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve that may be scheduled in

time-step £ € 7.51in association with offer lamination k € K}/?,N ;

P1ONIG, 4 designates the price for the maximum incremental
quantity of non-synchronized fen-minute operating reserve in time-

step t€ TSin association with offer lamination k€ K;3";

@30RIG, 44 designates the maximum incremental quantity of thirty-
minute operating reserve quantity that may be scheduled in time-step
t€ TSin association with offer lamination k€ K39"; and

P30RIG, 4 designates the price for the maximum incremental quantity
of thirty-minute operating reserve in time-step ¢ € 7.5in association
with offer lamination k€ t’?jR.
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4.2.12

4.2.12.1

4.2.12.2

42123

4.2.12.4

4.2.12.5

4.2.12.6

4.2.13
4.2.13.1

With respect to a boundary entity resource export to intertie zone sink
bus d € DX where the locational marginal price represents the price for
the intertie metering point:

QXL 4; designates the maximum incremental quantity of energy that
may be scheduled to export in time-step ¢ € 75in association with bid
lamination j € /fd;

PXL, q; designates the price for the maximum incremental quantity of
energy that may be scheduled to export in time-step £€ 7S5in
association with bid lamination j € /.

Q10NXL,; designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve that may be scheduled to

provide in time-step ¢ € 75in association with offer lamination j €

10NV,
td >

P10NXL, 4; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in time-

step t€ 7S1n association with offer lamination j € /}/?,N ;

@30RXL,; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled to provide in time-
step t€ 7S1n association with offer lamination j € /i?,R; and

P30RXL;;; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in time-step ¢ € 7.5in association
with offer lamination j € jz?jR.

With respect to a wheeling through transaction:

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

4.3 IESO Data Parameters

Page 16 of 151

4.3.1
43.1.1

Variable Generation Forecast

FG,, designates the IESO’s centralized variable generation forecast

for a variable generation resource identified by bus b € B"" in time-
step t€ T8.
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4.3.2
43.2.1

4322

433
43.3.1

43.3.2

4333

4334

4335

43.3.6

4.3.3.7

4338

Variable Generation Tie-Breaking

NumVG, designates the number of variable generation resources in
the daily dispatch order for time-step t€ 75, and

TBM,, € {1,.,NumVG,} designates the tie-breaking modifier for the
variable generation resource at bus b € B"C for time-step t€ TS

Intertie Curtailments

ICMaxXL, ; designates the maximum limit on the quantity of energy
scheduled for export to intertie zone sink bus d € DX and time-step
t€ TS as the result of an intertie curtailment;

ICMinXL, ; designates the minimum limit on the quantity of energy
scheduled for export to intertie zone sink bus d € DX and time-step
t€ TS as the result of an intertie curtailment;

ICMaxIG, ; designates the maximum limit on the quantity of energy
scheduled for import from intertie zone source bus d € DI and time-
step £ € TS as the result of an infertie curtailment;

ICMax10 NIG, ; designates the maximum limit on the quantity of non-
synchronized fen-minute operating reserve scheduled for import from
intertie zone source bus d € DIl and time-step £ € 75 as the result of an
intertie curtailment;

1CMax30RIG, ; designates the maximum limit on the quantity of
thirty-minute operating reserve scheduled for import from intertie
zone source bus d € DI and time-step ¢t € 75 as the result of an infertie
curtailment;

ICMinlG, ; designates the minimum limit on the quantity of energy
scheduled for import from intertie zone source bus d € DI and time-
step t€ TS as the result of an intertie curtailment;

ICMin10NIG, ; designates the minimum limit on the quantity of non-
synchronized fen-minute operating reserve scheduled for import from
intertie zone source bus d € D/ and time-step ¢ € 75 as the result of an
intertie curtailment; and

ICMin30RIG, ; designates the minimum limit on the quantity of thirty-
minute operating reserve scheduled for import from intertie zone
source bus d € Dl and time-step ¢t € 75 as the result of an intertie
curtailment.
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434
43.4.1

4342

4343
4344

4.3.4.5

4.3.4.6

4.3.4.7

4348

435
43.5.1

43.5.2

4353

4354

Operating Reserve Requirements

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

TOT10R,designates the total fen-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;

REGMin10R,, designates the minimum requirement for total ten-
minute operating reserve in region € ORREG in time-step t€ 75,

REGMin30 R, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in time-step t€ 75,

REGMax10R, , designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r€ ORREG in time-
step t€ 75, and

REGMax30R,, designates the maximum amount of thirty-minute

operating reserve that may be scheduled in region r€ ORREG in time-
step t€ 78.

Intertie Limits

EnCoelff, , 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;

MaxExtSch, , designates the maximum flow limit for intertie flow
constraint z € Zg,in time-step ¢t € 7S;

ExtDSC, designates the net interchange scheduling limit for when the
net flows over all interties from time-step (£— 1) to time-step ¢
decrease; and

ExtUSC, designates the net interchange scheduling limit for when the
net flows over all interties from time-step (£— 1) to time-step ¢
increase.
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43.6 Resource Minimum and Maximum Constraints

43.6.1  Where applicable the minimum or maximum output of a dispatchable
generation resource or a non-dispatchable generation resource,
minimum or maximum consumption of a dispatchable load, and
minimum and maximum reduction of an hourly demand response
resource may be limited due to reliability constraints, applicable
contracted ancillary services, day-ahead operational commitments,
previous pre-dispatch operational commitments, outages, derates,
activation/non-activation of hourly demand response resources and
other constraints, such that:

43.6.1.1

43.6.1.2

43.6.1.3

4.3.6.14

43.6.1.5

4.3.6.1.6

4.3.6.1.7

43.6.1.8

4.3.6.1.9

4.3.6.1.10

4.3.6.1.11

MinDL,, designates the most restrictive minimum consumption
limit for the dispatchable load at bus b € BP;

MaxDL, designates the most restrictive maximum consumption
limit for the dispatchable load at bus b € B~

MinNDG,, designates the most restrictive minimum output limitfor

the non-dispatchable generation resource at bus b € BVNPC;

MaxNDG, , designates the most restrictive maximum output

limitfor the non-dispatchable generation resource at bus b € BVPC,

MinDG,, designates the most restrictive minimum output limit for
the dispatchable generation resource at bus b € B,

MaxDG, ), designates the most restrictive maximum output limit for
the dispatchable generation resource at bus b € B°C;

MaxMLPF,, designates the maximum output limit in time-step ¢ for

the minimum loading point region of a pseudo-unit at bus

MaxDR, , designates the maximum output limit in time-step ¢ for

the dispatchable region of a pseudo-unit at bus b € B*;

MaxDF,j, designates the maximum output limit in time-step ¢ for
the duct firing region of a pseudo-unit at bus b € B™Y;

MinHDR, designates the minimum load reduction level that may

be scheduled for the hourly demand response resource at bus b €
BIPR: and

MaxHDR, , designates the maximum load reduction level that may

be scheduled for the hourly demand response resource at bus b €
BHDR.
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4.3.7
43.7.1

4.3.7.2

4.3.7.3

43.7.4

4.3.7.5

4.3.7.6

4.3.7.7

4.3.7.8

Constraint violation penalties for time step £ € 7

(PLdViolSch,,;, QLdViolSchy,) for i € {1,..,Nyqy;0,,} designates the
price-quantity segments of the penalty curve for under generation used
by the Pre-Dispatch Scheduling algorithm in section 8 and the
Reference Level Scheduling algorithm in section 12;

(PLdViolPrc,;, QLdViolPrcy)) for 1 € {1,.., N, 4y;,,} designates the price-
quantity segments of the penalty curve for under generation used by
the Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PGenViolSchy, QGenViolSchy,) for 1€ {1,.., Ngenyioy,} designates the

price-quantity segments of the penalty curve for over generation used
by the Pre-Dispatch Scheduling algorithm in section 8 and the
Reference Level Scheduling algorithm in section 12;

(PGenViolPrc,,,QGenViolPrc;;) for i€ {1,.,Nge,pio,} designates the
price-quantity segments of the penalty curve for over generation used
by the Pre-Dispatch Pricing algorithm in section 9 and Reference
Level Pricing algorithm in section 13;

(P10SViolSch,;, @Q10SViolSchy,) for i € {1,..,N1gsyjo;,} designates the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the Pre-Dispatch
Scheduling algorithm in section 8 and the Reference Level Scheduling
algorithm in section 12;

(P10SViolPrc;; Q10 SViolPrc;)) for i € {1,.,N1gsyio;,} designates the
price-quantity segments of the penalty curve for the synchronized fen-
minute operating reserve requirement used by the Pre-Dispatch
Pricing algorithm in section 9 and Reference Level Pricing algorithm
in section 13;

(P1ORViolSch,;, Q10 RViolSch,;) for i € {1,.,Nyoryie,} designates the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm
in section 12;

(P10RViolPrc,, Q10 RViolPrc,,;) for 1 € {1,.., Ny ryis,} designates the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Pre-Dispatch Pricing
algorithm in section 9 and Reference Level Pricing algorithm in
section 13;
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4.3.7.9

4.3.7.10

4.3.7.11

4.3.7.12

4.3.7.13

4.3.7.14

4.3.7.15

(P30RViolSch,;, @30 RViolSch,;) for i € {1,., N30y} designates 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 Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm
in section 12;

(P30RViolPre,, @30 RViolPrc,;) for 1 € {1,.., N30y} designates 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 Pre-Dispatch Pricing
algorithm in section 9 and Reference Level Pricing algorithm in
section 13;

(PREGlORI/IOISC]]EI,QREGlOR[/IOJSC]]CI) for i€ {11"1NR56'10RVI'0/[-}

designates the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference
Level Scheduling algorithm in section 12;

(PREGlORWO]PI‘CZ;I',QREGlORWOJPrCt’I') for i € {1I"INREG‘10RV1'0/[~}

designates the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PREG30RViolSch,;, QREG30 RViolSch, ;) for 1 € {1,., Ngge3orviol}
designates the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference
Level Scheduling algorithm in section 12;

(PREG30RViolPrc;;, QREG30 RViolPrc,)) for i € {1,.,Ngggzorvior}
designates the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PXREGlOR[/IOJSChCI, QXREGlOR[/IOJSChCI) for 7€ {11"INXREG‘10RV1'0/[}

designates the price-quantity segments of the penalty curve for area
total fen-minute operating reserve maximum restrictions used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference
Level Scheduling algorithm in section 12;
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4.3.7.16

4.3.7.17

4.3.7.18

4.3.7.19

4.3.7.20

4.3.7.21

4.3.7.22

(PXREG10RViolPrc,;, QXREG10 RViolPrcy,) for 1 € {1,.., Nxggeiorviol,}
designates the price-quantity segments of the penalty curve for area
total fen-minute operating reserve maximum restrictions used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PXREG30 RViolSch, , QXREG30 RViolSchy,) for i € {1,.,Nyrgs30rvior,}
designates the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference
Level Scheduling algorithm in section 12;

(PXREG30RViolPrc,;, QXREG30 RViolPrcy)) for 1 € {1,.., Nxggezorviol}
designates the price-quantity segments of the penalty curve for area
total thirty-minute operating reserve maximum restrictions used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

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

designates the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the Pre-Dispatch Scheduling algorithm in section
8 and the Reference Level Scheduling algorithm in section 12;

(PPrelTLViolPrcg;, QPrelTLViolPrcg;) for 1€ {1,., Nprerryvios,}

designates the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the Pre-Dispatch Pricing algorithm in section 9
and Reference Level Pricing algorithm in section 13;

(PITLViolSch. g, QITLViolSch, ;) for 1€ {1,.,Niz1yjo, ..} designates

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 Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm
in section 12;

(PITLViolPrc, s, QITLViolPre,gy;) for 1€ {1,., NizLyio, .} designates
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 Pre-Dispatch Pricing algorithm
in section 9 and Reference Level Pricing algorithm in section 13;
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4.3.7.23

4.3.7.24

4.3.7.25

4.3.7.26

4.3.7.27

4.3.7.28

4.3.7.29

(PPreXTLViolSchy;, QPreXTLViolSch,,;) for 1€ {1,.,Nprexrivior, }

designates the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z € Zs., used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

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

designates the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z € Zs., used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PNIUViolSch,, QNIUViolSchy)) for i € {1,., Nyyyyio,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step £net interchange increase constraint between time-steps (£-1) and
tused by the Pre-Dispatch Scheduling algorithm in section 8 and the
Reference Level Scheduling algorithm in section 12;

(PNIUViolPrc,,;,@QNIUViolPrc,;) for i € {1,.,Nyyyis,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢net interchange increase constraint between time-steps (£-1) and
tused by the Pre-Dispatch Pricing algorithm in section 9 and
Reference Level Pricing algorithm in section 13;

(PNIDViolSchy;, @QNIDViolSchy,) for i € {1,..,Nyjpyio;,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step £net interchange decrease constraint between time-steps (£-1) and
tused by the Pre-Dispatch Scheduling algorithm in section 8 and the
Reference Level Scheduling algorithm in section 12;

(PNIDViolPrc,;,@QNIDViolPrcy,) for i € {1,.,Nypy;o;,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢net interchange decrease constraint between time-steps (¢-1) and
tused by the Pre-Dispatch Pricing algorithm in section 9 and
Reference Level Pricing algorithm in section 13;

(PMaxDelViolSch,,, @QMaxDelViolSch, ;) for i € {1,.,Nyaxperviol,}

designates the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;
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4.3.7.30

4.3.7.31

4.3.7.32

4.3.7.33

4.3.7.34

4.3.7.35

4.3.7.36

(PMaxDelViolPrc,;, QMaxDelViolPrc,;) for i € {1,.., Nyaxpervior,}
designates the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PMinDelViolSch,, @MinDelViolSchy,) for i € {1,.,Nuyinpervior,}
designates the price-quantity segments of the penalty curve for under-
scheduling a resource’s minimum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PMinDelViolPrc.,,@QMinDelViolPrc,;) for i € {1,., Nyjnpeviol,}
designates the price-quantity segments of the penalty curve for under-
scheduling a resource’s minimum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PSMaxDelViolSchy, QSMaxDelViolSchy,) for i € {1,.., Nsyaxperviol,}
designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PSMaxDelViolPrc,;, QSMaxDelViolPrcy,) for i € {1,.., Nyaxpervior,}
designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PSMinDelViolSch, , @QSMinDelViolSch,;) for i € {1,., Nsyinpeivior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PSMinDelViolPrc,,@QSMinDelViolPrc,,) for i € {1,..,Nsyinpervior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;
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4.3.7.37

4.3.7.38

4.3.7.39

4.3.8
43.8.1

4382

4.3.83

43.8.4

4.3.9
439.1

4392

4393

4394

4.3.9.5

(POGenLnkViolSch.,QOGenLnkViolSch,;) for i € {1,.,Nogensnkviol,}
designate the price-quantity segments of the penalty curve for over
generation on a downstream resource used by the Pre-Dispatch
Scheduling algorithm in section 8 and the Reference Level Scheduling
algorithm in section 12;

(PUGenLnkViolSch.,, QUGenLnkViolSch, ;) for i € {1,.,Nygeniniviol,}
designate the price-quantity segments of the penalty curve for under
generation on a downstream resource used by the Pre-Dispatch
Scheduling algorithm in section 8 and the Reference Level Scheduling
algorithm in section 12; and

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

Price Bounds

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

EngyPrcFlir designates and is equal to the settlement floor price for
energy;

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

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

Ex-Ante Market Power Mitigation

BCACondThresh designates the threshold for the congestion
component of a resource’s locational marginal price for energy,
above which the resource will meet the broad constrained area
condition, 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;

PDGRef, ;- designates the reference level value for energy lamination
k'€ K%, for the resource at bus b € BPC in time-step t€ TS

P10SDGRef,, ;- designates the reference level value for synchronized
1108

ten-minute operating reserve lamination k'€ K,
bus b € B¢ in time-step t€ TS
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4.3.9.6

4.3.9.7

4398

43.9.9

4.3.9.10

4.3.9.11

4.3.9.12

43.9.13

4.3.9.14

4.3.9.15

4.3.9.16

P10NDGRef, ;- designates the reference level value for non-
synchronized ten-minute operating reserve lamination k'€ K 19,”

the resource at bus b € B¢ in time-step t€ TS

for

P30RDGRet, ., designates the reference level value for thirty-minute

operating reserve lamination k'€ K %2’3 for the resource at bus b €

BP% in time-step € TS

P10SDLRef ;- designates the reference level value for synchronized

ten-minute operating reserve lamination j' € /t:lbo

bus b € BPL in time-step t€ TS

S for the resource at

P10NDLRef, ,  designates the reference level value for non-

synchronized ten-minute operating reserve lamination j' € /2,? N for the

resource at bus b € BPL in time-step t€ TS

P30RDLRef;,; designates the reference level value for thirty-minute

operating reserve lamination j' € /1;3,91? for the resource at bus b € B¢
in time-step t€ 7.5

SUDGRetf,; , designates the reference level value for the start-up offer
for the resource at bus b € BV in time-step € TS

SNLRef,, designates the reference level value for the speed no-load
offer for the resource at bus b € BV in time-step t € T'S:

PLTMLPRef, p, . designates the reference level value for the energy
up to the minimum loading point reference level lamination k' €
Ki5TMEP of the offer for the resource at bus b € BP¢ in time-step
teTS

CTEnThresh1V“ 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%;

CTEnThresh2V“ 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"V? 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%;
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4.3.9.17

4.3.9.18

4.3.9.19

4.3.9.20

4.3.9.21

4.3.9.22

4.3.9.23

4.3.9.24

4.3.9.25

4.3.9.26

4.3.9.27

CTSNL ThreshV“! 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%:;

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

CTEnThresh2”“ 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 260300%;

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

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

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

CTEnThresh2%M" designates the global market power conduct
threshold for a resource as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to $100
MW/h;
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4.3.9.28

4.3.9.29

4.3.9.30

4.3.9.31

4.3.9.32

4.3.9.33

4.3.9.34

4.3.9.35

4.3.9.36

4.3.9.37

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 9! 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°RL 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;

CTEnThresh19R" designates the local marker power conduct
thershold 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%R" 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,

CTSUThresh®R" 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%;

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

CTORThresh19R¢ designates the global market power conduct
threshold for a resource as a percent increase above the reference level

value of the operating reserve offer for the resource and is equal to
50%;

CTORThresh29R¢ 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;
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4.3.9.38

4.3.9.39

4.3.9.40

4.3.941

4.3.9.42

4.3.943

4.3.9.44

4.3.9.45

4.3.9.46

CTEnThresh19R¢ designates the global market power conduct
thershold for energy to minimum loading point for a resource as a
percent increase above the reference level value of the offer for energy
up to the minimum loading point for the resource and is equal to 50%;

CTEnThresh29R¢ designates the global market power conduct
thershold for energy to minimum loading point for a resource as a
$/MW increase above the reference level value of the offer for energy

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

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

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

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

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

ITThresh1V¢ designates the price impact threshold for a resource in
a narrow constrained area as a percent increase in the energy
locational 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%;
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4.3.947

4.3.9.48

4.3.9.49

4.3.9.50

4.3.9.51

4.3.9.52

4.3.9.53

4.3.10
4.3.10.1

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

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

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

ITThresh1M? designates the global market power price impact
threshold for a resource as a percent increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 100%;

ITThresh2%MP 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.

Weighting Factors for Zonal Prices

WF/IX] designates the weighting factor for bus b€ LA used to
calculate the price for virtual transaction zone m € M for time-step
t€ TSand is equal to the weighting factor used in the day-ahead

market for the applicable hour;
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4.3.10.2

4.3.11
43.11.1

43.11.2

43.11.3

43.11.4

43.11.5

4.3.11.6

4.3.12
43.12.1

43.12.2

4.3.12.3
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Wi 1:,)% designates the weighting factor for bus b € used to

LgDL
calculate the price for non-dispatchable load zone y € Y for time-step
t€ TS. The weighting factors shall be obtained by renormalizing the
load distribution factors so that for a given time-step the sum of

weighting factors for a non-dispatchable load zone is equal to one.

Day-Ahead Market Scheduled Intertie Transactions

SIG TZZ}‘W designates the day-ahead market scheduled quantity of
import energy for intertie zone source bus d € DI in time-step

te {41"IHLAP};

5‘10NIGT£§4M designates the day-ahead market scheduled quantity of
non-synchronized ten-minute operating reserve for intertie zone
source bus d € DI in time-step ¢ € {4,..,n,4p};

SBORIGTﬁM designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone source bus d € DI in
time-step ¢ € {4,..,1;4p};

SXL TZZ}"M designates the day-ahead market scheduled quantity of
export energy for intertie zone sink bus d € DX in time-step
te {41"/HLAP};

S10NXL TZDL}‘W designates the day-ahead market scheduled quantity of
non-synchronized fen-minute operating reserve for intertie zone sink
bus d € DX in time-step ¢ € {4,..,1n; 4p}; and

S30RXL TZZ}‘W designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone sink bus d € DX in
time-step ¢ € {4,..,1n;4p}.

Import Offers Without a Day-Ahead Market Schedule

SIG TZFL’,YTRA designates the extra quantity of energy for import from

intertie zone source bus d € DI in time-step ¢t € {4,..,n;4p} that may be
considered for the purpose of reliability;

SlONIGY},EgY TR4 designates the extra quantity of non-synchronized fen-
minute operating reserve for import from intertie zone source bus

d € DIin time-step t € {4,..,n;4p} that may be considered for the
purpose of reliability; and

530R167}f’3( TRA Jesignates the extra quantity of thirty-minute operating
reserve for import from intertie zone source bus d € DI in time-step
t€ {4,.,n;,p} that may be considered for the purpose of reliability.
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4.4 Other Data Parameters

4.4.1
44.1.1

4.4.2
4421

4422

4423

4424

Non-Dispatchable Demand Forecast

FL, designates the total province-wide non-dispatchable demand
forecast for time-step ¢ € 7S calculated by the security assessment
function.

Internal Transmission Constraints

PreConSF, ¢, designates the pre-contingency sensitivity factor for bus
b € BU Dindicating the fraction of energy injected at bus b which
flows on facility fduring time-step ¢£under pre-contingency
conditions;

AdjNormMaxFlow, s designates the limit corresponding to the
maximum flow allowed on facility fin time-step tunder pre-
contingency conditions;

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

b € BU Dindicating the fraction of energy injected at bus b which
flows on facility fduring time-step ¢under post-contingency
conditions for contingency ¢, and

AdjEmMaxFlow, . rdesignates the limit corresponding to the
maximum flow allowed on facility fin time-step ¢under post-
contingency conditions for contingency c.

4.4.3 Transmission Losses

443.1

4432
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MglLoss,, designates the marginal loss factor and represents the
marginal impact on transmission losses resulting from transmitting
energy from the reference bus to serve an increment of additional load
at resource bus b€ BU Din time-step t€ 75 and

LossAdj, designates any adjustment needed for time-step £ € 7Sto
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.
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5.1

5.2

5.3

5.4

5.5

Initialization

Purpose

5.1.1

The initialization processes set out in this section 5 shall occur prior to
the execution of the pre-dispatch calculation engine described in section
2.2.1 above.

Reference Bus

5.2.1

522

The /ESO shall use Richview Transformer Station as the pre-dispatch
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

53.1.1

53.1.2

53.13

In the event of a network split, the pre-dispatch calculation engine shall:

only evaluate resources that are within the main island,
use only forecasts of demand forecast areas in the main island; and

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

Variable Generation Tie-Breaking

54.1

For each time-step ¢ € TS, each variable generation resource bus
b € B¢ and each offer lamination k € K’f , the offer price PDG,, shall

be modified to PDG - ( TBMt’b) p, where p is a small nominal value

Num VG[
of order 1074,

Pseudo-Unit Constraints

5.5.1
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Constraints for pseudo-units corresponding to minimum and maximum
constraints on physical resources shall be determined in accordance
with section 15.
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5.6 Dispatch Data Across Two Dispatch Days

5.6.1 If the pre-dispatch look-ahead period spans two dispatch days, then the
pre-dispatch calculation engine shall set the parameters below as
follows:

5.6.1.1 LNKC, which designates the linked dispatchable hydroelectric
generation resources and is defined by:

LNK if DAYS = {tod}

LNKC= 7/ 1Nk, ifDAYS = {tod tom} "

5.6.1.2  LagCy, »,, which designates the time lag between dispatchable
hydroelectric generation resources (by,b,) € LNKC and is defined by:

LaoeC, — Lagmd,bpbz if DA YS:{tgd}
&b, = Lagmm,bllbz IfDAYS = {tod,tom}

56.1.3  MWhRatioCy, p,, which designates the MWh ratio for dispatchable
hydroelectric generation resources (by,b,) € LNKC and is defined by:

MWHhRatio,qp, b, if DAYS ={tod}

MWhRatioCp, p, = { MWhRatiowy,p, p,  IFDAYS={tod tom}’

5.6.1.4  MinQDGC,, which designates the minimum loading point for

dispatchable generation resource b € B”“ and, subject to section
5.6.2, is defined by:

MinQDG,,y), ifDAYS = {tod}

MinQDGCy, = {MiHQDGmm,b if DAYS = {tod,tom}’

5.6.1.5  MGBRTDGC}, which designates the minimum generation block run

time for non-quick start resource b € BV and, subject to section
5.6.2, is defined by:

MGBRTDGyy,, if DAYS ={tod}

MGBRTDGC, = {MGBRTDG[M,, if DAYS = {tod,tom}’

5.6.1.6  MGBDTDGCY, which designates the minimum generation block down
time for non-quick start resource b € B for thermal state
m € THERM and is defined by:

MGBDTDG™ ifFDAYS ={tod)
MGBDTDGC = 0ab .
MGBDTDG?,,, if DAYS = {tod,tom)

5.6.1.7  LTC}', which designates the lead time for non-quick start resource
b € BV for thermal state m € THERM and is defined by

b\ LTS, if DAYS = {tod,tom}"
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5.6.1.8

5.6.1.9

RampECy, = {

5.6.1.10

5.6.1.11

5.6.2

5.6.2.1

5.6.2.2

5.6.3

RampHrsCy', which designates the ramp hours to minimum loading

point for a non-quick start resource b € BV for thermal state
m€ THERM and is defined by:

RampHrsg,; iIf DAYS = {tod}
RampHrs;) iIf DAYS = {tod,tom} "

tom,b

RampHrsCy' = {

RampECy, for we€ {1,.,RampHrsC}’}, which designates the ramp up

energy to minimum loading point for a non-quick start resource b €
BV for thermal state m € THERM and is defined by:

RampE{ p if DAYS = {tod}
RampE{§m p.w if DAYS = {tod,tom}’

RampCTCy,, for w€ {1,.,RampHrsCy'}, which designates the ramp
up energy to minimum loading point for the combustion turbine

associated with the pseudo-unit at bus b € B™Y for thermal state
m € THERM and is defined by:

RampCTy,, , If DAYS ={tod}
RampCT]] if DAYS = {tod,tom}’

tom,b,w

RampCTCy,, = {

RampSTCy, for we€ {1,.,RampHrsCy’}, which designates the ramp
up energy to minimum loading point for the steam turbine portion of
the pseudo-unit at bus b € BV for thermal state m € THERM and is
defined by:

RampST IfDAYS ={tod}
RampSTC}, = i . :
g RampST;,, iIf DAYS = {tod,tom}

If a non-quick start resource receives a commitment prior to the 20:00
EST pre-dispatch calculation engine run but that commitment is not yet
complete, then:

MinQDG g, and MGBRTDG,,;, shall continue to be applied until the
commitment is complete; and

MinQDG,, , and MGBRTDG,,,, , shall be applied for any new
commitments made in the 20:00 EST pre-dispatch calculation engine
run or later.

For all other daily dispatch data, except the single-cycle mode flag
determined in section 15.5, the current day value shall be used for all
dispatch hours in the current dispatch day and the next day value shall
be used for all dispatch hours in the next dispatch day.
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5.7 Start-Up Offers for Non-Quick Start Resource

Advancements
5.7.1 The pre-dispatch calculation engine shall use start-up offers for non-
quick start resources with a day-ahead operational commitment as
follows:

5.7.1.1 If the time-step ¢in the set of hours preceding the start-up time ¢4, €
75C,, of a day-ahead operational commitment in day g € DAYS are
such that t€ {max(tpyy-(MGBRTDG,,, +

MGBDTDG,3"), 2),....tpars}, then:
If SUDGY, > SUDGS™M, then set SUAdJDGY) = SUDGY,
If SUDGY, < SUDG,™, then set SUAdJDGY, = SUDGLZ™

5.7.1.2  If the time-step ¢in the set of hours preceding the start-up time £, €
75Cy, of a day-ahead operational commitment in day g € DAYS are
offersuch that t & {max(tpsy-(MGBRTDG,, +

MGBDTDG,3"), 2),...,tpars}, then:
SUAdjDGY, = SUDGY,

5.8 Non-Quick Start Resource First Time-Step Available to

Start
5.8.1 The pre-dispatch calculation engine shall determine the first time-step a
non-quick start resource can be scheduled to its minimum loading point
as follows:

5.8.1.1  For a non-quick start resource at bus b € B that has not been

scheduled at or above its minimum loading point for InitDownHrs,,
hours:

58.1.1.1  If0 < InitDownHrsy, + t — 1 < MGBDTDGCH7, then the
resource cannot be scheduled to reach minimum loading point in
time-step £ € 75,

58.1.1.2  If InitDownHrsy, + LTC°" + 1 < MGBDTDGC}**™, then a lead

time of LTCTO7 will be applied and the resource can be scheduled
to its minimum loading point in time-step £ € TSonly if t >
LTCIOT + 2;
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5.8.1.1.3

58.1.14

If InitDownHrs, + LTC) " + 1 < MGBDTDGC,P, then a lead
time of LTC}"**M will be applied and the resource can be

scheduled to its minimum loading point in time-step ¢ € 7S only if
t=>LTCYRM + 2; and

If a lead time of LTC,"P will be applied and the resource can be
scheduled to its minimum loading point in time-step ¢ € 7S only if
t=>LTCSO + 2.

5.9 Initial Scheduling Assumptions

Page 37 of 151

59.1 Initial Schedules

59.1.1  The following parameters designate the initial energy schedules used
for time-step 1 of the pre-dispatch look-ahead period and shall be
based on the values determined by the /ESO’s energy management
system for internal resources and the most recent interchange
schedules for time-step 1 for boundary entity resources:

5.9.1.1.1

59.1.1.2

59.1.13

59.1.14

5.9.1.1.5

5.9.1.1.6

5.9.1.1.7

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

SHDR, ;,; designates the amount of energy an hourly demand
response resource 1s scheduled to reduce consumption at bus b €
BHDR.

SXL, 4 designates the amount of energy a bounday entity resource
is scheduled to export at bus d€ DX;

SDG, j,; designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B¢,

SCT; j, designates the schedule of the combustion turbine

associated with the pseudo-unit at bus b € B™Y;

SS8T,, , designates the schedule of steam turbine p € PST;

S1Gy 4 designates the amount of energy that a boundary entity

resource is scheduled to import from intertie zone source bus
de Di,

5.9.1.2  The initial schedules for non-quick start resources shall be determined
to align with the commitment status logic described in section 5.9.2.

59.2 The following parameters designate initial commitment status, number
of hours in operation and number of hours down for time-step 1 of the
pre-dispatch look-ahead period:
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5921

5922

5923

593
5.93.1

594
59.4.1

595
5.9.5.1

5.9.6

5.9.6.1

5.9.6.2

ODG, ;, designates whether the dispatchable generation resource at
bus b € BV has been scheduled at or above its minimum loading
point in time-step 1, where ODG, j, shall be set to ODG, j, from the
previous pre-dispatch calculation engine run unless the real-time
calculation engine has kept such resource at or above its minimum
loading point to respect a reliability constraint. In such cases,
ODG, j shall be determined by the real-time calculation engine
advisory schedule;

InitOperHrs), designates the number of consecutive hours at the end
of time-step 1 for which the resource at bus b € BV has been, and is
anticipated to be, operating at or above its minimum loading point. For
resources with ODG, , = 0, InitOperHrs), shall be set to zero; and

InitDownHrs,, designates the number of consecutive hours at the end of
time-step 1 for which the resource at bus b € BV has not been, and is
not anticipated to be, operating at or above its minimum loading point.
For resources with ODG, , = 1, InitDownHrs), shall be set to zero.

Initial Net Interchange Schedule

The initial net interchange schedule value shall be the difference
between all imports to Ontario and all exports from Ontario for time-
step 1. By default, this value will be based on fixed schedules for
imports and exports from the real-time calculation engine.

Number of Starts for Non-Quick Start Resources

NumStarts;, designates the number of starts the resource at bus b €
B"5 has incurred in the current dispatch day, plus any anticipated
starts in time-step 1.

Number of Starts for Hydroelectric Resources

NumStartsHE), designates the number of starts the resource at bus
b € B"F has incurred in the current dispatch day, plus any anticipated
starts in time-step 1.

Cumulative Energy Production for Energy Limited Resources and
Dispatchable Hydroelectric Resources

EngyUsed,, designates the energy already provided by the resource at
bus b € BFLR U BYE in the current dispatch day, plus the energy
scheduled in time-step 1; and

EngyUsedSHE, designates the energy already provided in the current
dispatch day by all resources sharing a maximum daily energy limit or
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5.9.7

5.9.7.1

59.7.2

minimum daily energy limit in set s € SHE plus the energy scheduled
in time-step 1.

Past Hourly Production for Linked Hydroelectric Resources

For linked hydroelectric resources, the past hourly energy production of
upstream resources shall be used to schedule downstream resources for
time-steps in the pre-dispatch look-ahead period within the time lag. These
past hourly production schedules shall be equal to the output determined by
the /ESO'’s energy management system based on real-time telemetry less
any production scheduled as part of an operating reserve activation. For all
linked hydroelectric resources (by,b,) € LNKC and all time-steps t € 7S
such that ¢ < LagCy, p,, PastMWh,,, designates the total energy produced

by resource by exactly LagCy, j, hours prior to time-step &

The schedules of downstream resources linked to time-step 1 upstream
resource schedules shall be pre-determined based on the average value of
the upstream resource advisory schedules from the last real-time
calculation engine run that successfully completed before the pre-dispatch
calculation engine run commenced. If the advisory schedule reflects an
operating reserve activation for an upstream resource, then the schedule
determined by the real-time calculation engine run prior to the operating
reserve activation shall be used. For all linked hydroelectric resources
(b1,b;) € LNKC and all time-steps ¢ € TS such that t= LagCy, , +1,

PastMWh, ;,, designates the total energy determined for resource by for
time-step 1 to be used for scheduling downstream resources in time-step t.

6 Security Assessment Function in the
Pre-Dispatch Calculation Engine

6.1 Interaction between the Security Assessment Function
and Optimization Functions
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6.1.1

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

As multiple iterations are performed, the transmission constraints
produced by the security assessment function shall be used by the
optimization functions.
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6.1.3 The security assessment function shall use the physical resource
representation of combined cycle facilities that are registered as pseudo-
units.

6.2 Inputs into the Security Assessment Function

6.2.1 The security assessment function shall use the following inputs:
6.2.1.1 the IESO demand forecasts; and

6.2.1.2  applicable IESO-controlled grid information pursuant to section 3A.1 of
Chapter 7.

6.2.2 The security assessment function shall also use the following outputs of
the optimization functions:

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

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

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

6.3 Security Assessment Function Processing

6.3.1 The security assessment function shall determine the province-wide
non-dispatchable demand forecast for time-step ¢, FL,, as follows:

6.3.1.1 determine forecast MW quantities for all /oad resources and losses
using the /ESO demand forecasts for demand forecast areas, load
distribution factors, and 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 FL; by adding the forecast MW quantities determined for
each non-dispatchable load, each price responsive load, and each
dispatchable load with no bid, including forecast MW losses in the
demand forecast areas.

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

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

Page 40 of 151 Public IMO_FORM_1087v13.00
REV-21-06



6.3.2.2

6.3.2.3

6.3.2.4

6.3.2.5

6.3.2.6

6.3.2.7

6.3.2.8

6.3.2.9

6.3.2.10

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

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

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

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

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

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

The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each time-
step. 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 Pre-Dispatch Scheduling and the Reference Level Scheduling
algorithms described in sections 8 and 12, respectively, shall use the
marginal loss factors for each time step calculated by the security
assessment function.

The Pre-Dispatch Pricing and Reference Level Pricing algoritms
described in sections 9 and 13, 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
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6.4.1 The outputs of the security assessment function used in the optimization
functions include the following:

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

6.4.1.2  pre-contingency and post-contingency sensitivity factors for each time
step;
6.4.1.3  the marginal loss factors as described in sections 6.3.2.8 - 6.3.2.10;

and

6.4.1.4  loss adjustment quantity for each time-step.

7  Pass 1: Pre-Dispatch Scheduling
Process

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

e the Pre-Dispatch Scheduling algorithm described in section §;

o the Pre-Dispatch 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;
o the Reference Level Pricing algorithm described in section 13; and

e the Price Impact Test described in section 14.

8 Pre-Dispatch Scheduling

8.1 Purpose

8.1.1 The Pre-Dispatch Scheduling algorithm shall perform a security-
constrained unit commitment and economic dispatch to maximize gains
from trade using dispatch data submitted by registered market
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participants, subject to section 14.7.1.3, to meet the /ESO’s province-
wide non-dispatchable demand forecast and /ESO-specified operating
reserve requirements for each hour of the pre-dispatch look-ahead
period.

8.2 Information, Sets, Indices and Parameters

8.2.1

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

8.3 Variables and Objective Function
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8.3.1

8.3.1.1

8.3.1.2

83.1.3

83.14

83.1.5

83.1.6

83.1.7

The Pre-Dispatch Scheduling algorithm shall solve for the following
variables:
SDLyy,; , which designates the amount of energy that a dispatchable
load is scheduled to consume at bus b € 5P in time-step t€ TSin
association with lamination j € ]fb;

S$108DLy;,; , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b € BPL in time-step t€ TSin association with lamination j € /;7°;

S10NDLy,; , which designates the amount of non-synchronized fen-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € B in time-step ¢ € T'Sin association with

lamination j € /%,?,N;

S30RDL,,,; , which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b € B~
in time-step ¢ € 7.5in association with lamination j € /f.ng;

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

for an hourly demand response resource at bus b € BPR

t € 7S'1in association with lamination j € ]fb;

in time-step

SXL;q4; , which designates the amount of energy a boundary entity
resource is scheduled to export at bus d € DX'in time-step £ € 7Sin
association with lamination j € ]fd;

S10NXL; 4, , which designates the amount of non-synchronized zen-

minute operating reserve that a boundary entity resource is scheduled

to provide at bus d € DXin time-step £ € 7.5in association with

lamination j € /},SN;
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83.1.8

83.19

8.3.1.10

8.3.1.11

8.3.1.12

8.3.1.13

83.1.14

8.3.1.15

8.3.1.16

8.3.1.17

83.1.18

S30RXL,4; , which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide bus
d € DXin time-step ¢ € 7.5in association with lamination j € /2?/*;

SNDG, ;. , which designates the amount of energy that a non-
dispatchable generation resource i1s scheduled to provide at bus b €
B"P% in time-step ¢€ TSin association with lamination k € K7;

SDG, , , which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC), at bus
b€ BP% in time-step t€ T'Sin association with lamination k € Kf ;

ODG,, , which designates whether the dispatchable generation
resource at bus b € B”“ has been scheduled at or above its minimum
loading point in time-step t€ TS,

IDG, ), , which designates whether the dispatchable generation

resource at bus b € BC has been scheduled to reach its minimum
loading point in time-step t€ 75,

S$105DG, . , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € B”¢ in time-step t€ T'Sin association with
lamination k€ Kll‘lgs;

S10NDG,, . , which designates the amount of non-synchronized zen-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B”“ in time-step € T'Sin association

with lamination k€ [,?,N;

S30RDG,,; , which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € B¢ in time-step t€ TS in association with
lamination k€ c‘,),R;

SCT, , which designates the schedule of the combustion turbine
associated with the pseudo-unit at bus b € B™Y in time-step t€ TS

SS8T;, , which designates the schedule of steam turbine p € PS7'in
time-step t€ 75,

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

BVO0DF has been scheduled for ten-minute operating reserve in time-
step t€ TS.
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8.3.1.19

8.3.1.20

8.3.1.21

8.3.1.22

8.3.1.23

8.3.1.24

83.1.25

8.3.1.26

83.2
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OHO,, , which designates whether the dispatchable hydroelectric
generation resource at bus b € BF has been scheduled at or above
MinHO,}, in time-step t€ T,

OFR,,,; for i€ {1,.,NFor,,} , which designates whether the
dispatchable hydroelectric generation resource at bus b € B"F has
been scheduled at or below ForL,, , or, at or above ForlU,,;in time-
step t€ TS

IHE}},; , which designates whether the dispatchable hydroelectric
generation resource at bus b € BF registered a start between time-
step (¢— 1) and tas a result of its schedule increasing from below
StartMWj, ; to at or above StartMW,,; for 1 € {1,.,NStartMW,};

S1G 44 , which designates the amount of energy that a boundary entity
resource is scheduled to import from intertie zone source bus d € D/ in
time-step £ € 75 in association with lamination k€ Kf ;

S10NIG, 44 , which designates the amount of non-synchronized ten-
minute operating reserve that a boundary entity resource is scheduled
to provide from intertie zone source bus d € DI/ in time-step t€ 7Sin

association with lamination kK € K}/?,N ;

S30RIG, 4 , which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from
intertie zone source bus d € DI in time-step £ € 7.5in association with

ot 0R.
lamination kK€ K;;";

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

ViolCost, , which designates the cost incurred in order to avoid having
the schedules violate constraints in time-step ¢ € 7., as described in
section 8.3.2.3.

The objective function for the Pre-Dispatch Scheduling algorithm shall
maximize gains from trade by maximizing the following expression:
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Z (Ob;mf - ObjHDR, + ObjXL, - OijDGr)
s \ - ObiDG, - ObjiG, - TB, - ViolCost,
te

where|

Z SDLzb,j‘PDLr,b,j - Z .S'lOSDLﬂbJ--PlOSDLwJ -
fe ‘EIU.S'
ObjDL, = z e /s ;
heRDL Z S'lONDLab_j-HONDLm};- Z .SBORDLW_;-BORDLM_}-
Je/iov f‘fr,gﬁ
ObjHDR, = SHDRH,J-PHDRWJ ;
beBTR \ j eff,

Z SKLy .y PXLy g - z SLONXLy g, PAONXL,

ObjXL z Jza Jery
ALy = ;
= - Z S30RXLy - P3ORXL,q;

i

ObjNDG—= SNDGp i PNDGy, k) ;

bepNoo ( kek?,

0bjDG, =
z SDGppPDGep e + Z S1085DGp, 4-P1OSDGp e +
keKz, kekyy®
+ (00G,yMGODG,, +
beRPE z SlONDth‘k'P].ONDGtak+ Z .SBORDG;b_k'BORDth_k beRVes
kekON kekSF

1DGyySUAAIDG,Y )

and
Z SIG, 44 PIG, gy + Z SLONIG, 4 PLONIG, 4x
kek?t keKioV
ObjIG, = Z o ol
deDi + Z S30RIGC, 44 P30RIG, 41
ke

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

5= + TBDG, + TBIG,

Where

Z ((SDLW)Z-TBPen) . Z ((mosmw)z-mpen) N
s

QDL QLO0SDLy

J€lty

L ((ﬂoNDLW)zaTBPen)+ Z ((ﬂORDLW)Z-TBPen)
QLONDL Q30RDL
e v T "

TBDL,~=

2
(SHDR,;,)" -TBPen
TBHDR = E E - ;
£ QHDR,,; /
beB R \ jEF, bi

Z ((SXLW)Z-TBPM) . ((QONXLW)Z.TBPEH)
XL,y z ONXL,,,
=3 Q. td,) jgjigﬂ, a taf

dEDX N Z ((5303)@ . dj)z,TBPen)

Q30RXL, 4,

TBXL~=

AR
S Eed

’

(SNDG,)" -TBPEH))

TBNDG = E E
‘ ( QNDG,, ;.
beBVOE \ ker?t, -

Z ((Spagb,k)z-rgpen) . Z ((5105905&,()2'?3&”) N
kerdhs

QDG QL0SDG

kekE,

TBDG~= ) ,
She ((ﬂUNDGmk) -TBPen) | ((530 RDG,, ) -TBPen)
kekyy" kerZOR

QLONDGyp g @PBORDGyp i

and

Z ((S]thk)z-TBPen) . Z ((ﬂomam)z-rgpen)
kRN

QIG; 4x QLONIG, 41
k€K

TBIG~ )
Sehr | ((53031@ ax) -TBPen)
k er3oR

PBORIG, 44

8.3.2.2 ViolCost, shall be calculated for time-step £t € 7S using the following
variables:

8.3.2.2.1  SLdViol,;, which designates the violation variable affiliated with
segment 7 € {1,., N4y} of the penalty curve for the energy
balance constraint allowing under-generation;
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83222

83.2.23

83224

8.3.2.2.5

8.3.2.2.6

8.3.2.2.7

83.2.2.8

83.2.29

8.3.2.2.10

8.3.2.2.11

SGenViol,; , which designates the violation variable affiliated with
segment 7 € {1,., Ngeppjo,} Of the penalty curve for the energy
balance constraint allowing over-generation;

S510S8Viol,; , which designates the violation variable affiliated with
segment 7 € {1,., Nygsyio,} Of the penalty curve for the
synchronized ten-minute operating reserve requirement;

S10RViol,;, which designates the violation variable affiliated with
segment 7 € {1,., Niggyio,} Of the penalty curve for the total zen-
minute operating reserve requirement;

S30RViol,; , which designates the violation variable affiliated with
segment 7 € {1,., N300} Of the penalty curve for the thirty-

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

SREG10RViol,,; , which designates the violation variable affiliated
with segment 7€ {1,.., Nggeiogvior,} Of the penalty curve for
violating the area total fen-minute operating reserve minimum
requirement in region r € ORREG:;

SREG30RViol,,; , which designates the violation variable affiliated
with segment 7€ {1,.., Ngge3orvior,} Of the penalty curve for

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

SXREG10RViol,.,; , which designates the violation variable
affiliated with segment 7 € {1,., Nxgzciorvios} Of the penalty curve

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

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

SPrelTLViols; , which designates the violation variable affiliated
with segment /€ {1,.., Nprerrrvior,} of the penalty curve for

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

SITLViol, ;. ; , which designates the violation variable affiliated
with segment /€ {1,.., Nj7,y;,, ..} Of the penalty curve for violating

the post-contingency transmission limit for facility f€ Fand
contingency c€ C
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8.3.2.2.12

8.3.2.2.13

83.2.2.14

8.3.2.2.15

8.3.2.2.16

8.3.2.2.17

8.3.2.2.18

8.3.2.2.19

8.3.2.2.20

SPreXTLViol,,;, which designates the violation variable affiliated
with segment 7€ {1,., Nprexrryion, } of the penalty curve for

violating the import/export limit affiliated with infertie limit
constraint z € Zg;

SNIUViol,; , which designates the violation variable affiliated with
segment 7 € {1,., Nyypis,} of the penalty curve for exceeding the
net interchange increase limit between time-steps (£-1) and ¢

SNIDViol,; , which designates the violation variable affiliated with
segment 7 € {1,., Nypyis,} of the penalty curve for exceeding the
net interchange decrease limit between time-steps (£-1) and ¢

SMaxDelViol,,; , which designates the violation variable affiliated
with segment 7 € {1,., Nigaxpesvios,} 0f the penalty curve for
exceeding the maximum daily energy limit constraint for a
resource at bus b € BFLR:

SMinDelViol,;,; , which designates the violation variable affiliated
with segment 7€ {1,.., MNyinpeivios,} of the penalty curve for violating

the minimum daily energy limit constraint for a resource at bus
be BE;

SSMaxDelViol,,; , which designates the violation variable
affiliated with segment 7 € {1,., Nspaxpervios,} 0f the penalty curve
for exceeding the shared maximum daily energy limit constraint for
dispatchable hydroelectric generation resources in set s € SHE;

SSMinDelViol, ;; , which designates the violation variable
affiliated with segment 7 € {1,.., Nsyinpesvios,} of the penalty curve
for violating the shared minimum daily energy limit constraint for
dispatchable hydroelectric generation resources in set s € SHE,

SOGenLnkViolyp, 1, i » which designates the violation variable
affiliated with segment 7 € {1,., Nogensnivios,} 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 € BliZ and b, € Bl ; and

SUGenLnkViolyp, 1, i » which designates the violation variable
affiliated with segment 7 € {1,., Nygensnkvios,} Of the penalty curve

for violating the linked dispatchable hydroelectric generation
resources constraint by under-generating the downstream

resource, for (by,b,) € LNK such that b, € BlZ and b, € Bj..

8.3.2.3  ViolCost,; shall be calculated as follows:
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ViolCost, =

SLdViol, -PLdViolSch,, -
=1.Nydviol,
z SGenViol,;-PGenViolSch,; + Z S10SViol,-PLOSViolSch,, +

i=1..Ngenvioly i=1.N105Viels

z S10RViol,;-PLO RViolSch,; + z 530 RViol, ;P30 RViolSch,; +

=1.Nogviol =1.N30 gVioi;

SREG10RViol,,;-PREGL0 RViolSch,; | +

réORREG \ i=1.NREG10RViol;

SREG30RViol,,;-PREG30RViolSch,; | +

reORREG \ i=1..NgEc0RVial

SXREG10RViol, ,-PXREG10 RViolSch,, | +

rEORREG \ i=1..NYREG10 RVialy

SXREG30RViol,,"PXREG30RViolSch,

=1.NxrEG 7
rEORREG ARECSORViole

+ Z Z SPrelTLViol,,-PPrelTLViolSchy,,

fEFs \ 1 =1.Nprerriviols,

N z z Z SITLViol , -PITLViolSch,

€EC FEFL \ =1.Npp Vial, g¢

+ Z Z SPreXTLViol,,;-PPreXTLViolSch, ,,
2625y \ = 1. NpreXTLViok, ¢

+ 2 SNIUViol,PNIUViolSch,, + 2 SNIDViol,-PNIDViolSch,

I=1.Nyguviol i=1.Nnipyiols
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+ Z > SMaxDelViol,, -PMaxDelViolSch,

BERELR \ I=1..Npaxpervioiy

+ Z Z SMinDelViol, , ~PMinDelViolSch,

bEBHE ;'=1.,NM;};.D&IW@"{

+ 2 2 SSMaxDelViol, ; ;PSMaxDelViolSch,  ;

SESHE \ i=1..NsptaxDelVioly

+ Z Z SSMinDelViol,, -PSMinDelViolSch, ,,

SESHE \ i1=1.NsptinDelViol,

+ Z SOGenLnkViol, g, ) "POGenLnkViolSchy; | |
(b1,by) ELNK \i=1.N;

+ z 2 SUGenLnkViol, g, 1., "PUGenLnkViolSch, | .
(b1, b2) ELNK \ F=1..N;

8.4 Constraints

8.4.1 The constraints described in sections 8.5 — 8.7 apply to the optimization
function in the Pre-Dispatch 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,, indicates whether the resource at bus b €
BP¢ is committed in time-step € TS. A value of zero indicates that a
resource is not committed, while a value of one indicates that it is
committed. Therefore:

ODG,, € {0,1} for all time-steps ¢ € 7Sand all buses b€ BC.

8.5.1.2  Reliability must-run resources are 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.
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8.5.1.5

8.5.1.6

8.5.1.7

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 time-step £ € 7S then:

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

market. Therefore:

0 <SDL;;; = ODL,,. forall b €BPL, j €5,
0 <S10SDL;5; < Q10SDL, forallb €BPL, j €J:%°,
0 <S10NDL;;; = Q1O0NDL,, . forall b €BPE, | EJS,?;”:

0 <S30RDL;}; = Q30RDL,,; forall b € BPL, j € PO,

<SHDR,;; < QHDR,,_
<SI10NXL,q; < QIONXL, .

<S30RXL,;, < Q30RXL,

forall b € BPR j € JF,;
foralld €DX, j € JE;
foralld DX, j €J,5";

foralld €DX j € I,E;R,-

0 =SNDG,;; < ONDG,, , for all b €B*PC, k €KE;;

0 <SIG, 4 < 0IG, , foralld €DI, k €Kiy

0 <SI0NIG,,; < QIONIG, , foralld €D k €K;"; and

0 < S30RIG, 4, < PBBORIG, 4, for all de DI, ke K33F

for all time-steps t€ TS.
Generation resources may be scheduled for energy and/or operating

reserve only if their commitment status is equal to 1. Therefore, for all
time-steps ¢ € TS

0 <SDG,;; <ODG,,-0DG,, , forall b € BP°, k €Kiy

0 <S10SDG,;, = ODG,,-Q108DG,, , forall b €BPC, k €K5’;

0 <SI10NDG,;; < ODG,;Q10NDG,, ,
and

0 < S30RDG,,; < ODG,,"QBORDG, ),

forall b €BC, k €K};;

forall be BP9, ke K97
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8.5.2 Resource Minimums and Maximums for Energy

8.5.2.1 A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for a time-step. For all time-
steps t€ T'Sand all buses b € B~

MinDL,, < Y SDL,,, < MaxDL,,

JElep

8.5.2.2  The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all time-steps € 7Sand all buses b € B~

Z SDL,,, > QDLFIRM,,
J€leh

8.5.2.3 A constraint shall limit schedules for non-dispatchable generation
resources within their minimum and maximum output for a time-step.
For all time-steps ¢ € 7Sand all buses b € BYPC:

MinNDG,, < Y SNDG,,; < MaxNDG,.
kEKE,

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

For all time-steps ¢ € TSand all buses b € BC,

Min(MaxDG, ,,FG, ) ifb € B¢

AdjMaxDG,;, = {Maxﬂ(?r_b otherwise

and

AdiMinDG, , = Min(MinDG, ,,AdjMaxDG, ).
For all time-steps ¢ € T'Sand all buses b € BC:

AdiMinDG,, < MinQDGC,- ODG, ,+ SDG,, ;. <AdjMaxDG,,
ke,
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8.5.2.5

8.5.2.6

8.5.2.7

8.5.3
8.5.3.1

8532

8533

8534
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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, MinQDGCy, > AdjMaxDG,, then
the commitment status value, ODG,, shall be changed to a value
between 0 and 1.

If the total offered quantity does not exceed the minimum,
MinQDGCy, + 3, ke, QDG < AdjMinDG, p, then the resource shall

receive a schedule of zero.
Minimum and maximum limits placed on hourly demand response
resource schedules for the purposes of reflecting activation/non-

activation decisions shall be respected. For all time-steps £ € 7.Sand
all buses b € BPR:

MinHDR,, < Z SHDR,,, < MaxHDR,,.
F€leh

Off-Market Transactions

For all time-steps ¢ € 75 and all intertie zone buses corresponding to
an inadvertent energy payback export transaction d € DXV

Z SXL:‘GIJ - Z QXLngr.
)FEf&d JE td

For all time-steps ¢t € 75 and all intertie zone buses corresponding to
an inadvertent energy payback import transaction d € DIV

Z SlGy gy = Z LGy
A’Eﬁ.aﬂr kEfitar

For all time-steps ¢ € 75 and all intertie zone buses corresponding to
an emergency energy export d € DX:M:

Z SXLMJ = Z QXLW'J'
)FE.-‘rg,d JE td

For all time-steps ¢ € 75 and all intertie zone buses corresponding to
emergency energy import d € DIFM.

Z SIG, 4 = Z 0IG,

KkeKE, keKE,
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8.54 Intertie Minimum and Maximum Constraints

8.5.4.1 A constraint shall limit export schedules beyond the first two forecast
hours of the pre-dispatch look-ahead period to the corresponding day-
ahead market schedules for export transactions, subject to Chapter 7,
section 5.2.2. For time-step ¢ € {4,..,n;4p} and intertie zone sink bus
d € DX such that dZDXSAPEX uDXEM UDXINP:

SXL,q; < SXLTM

J€lta

SIONXL, 4; < SLONXLT
J Eiﬁ qa"v

and

; S30RXL, 4; < S3ORXLT}M.

. R
J€ e d

8.5.4.2  Import offers with no day-ahead market schedule may be evaluated
beyond the first two forecast hours of the look-ahead period for the
purpose of reliability.

8.5.4.3 A constraint shall limit import schedules beyond the first two forecast
hours of the pre-dispatch look-ahead period to the corresponding day-
ahead market schedules for import transactions plus any additional
offered quantities permitted for reliability reasons, with the exception
of transactions flagged as capacity imports or off-market transactions,
subject to Chapter 7, section 5.2.2. For time-step ¢ € {4,...n;4p} and
intertie zone source bus d € DI such that d & DISAPEXy DIFM y DIIVP .

Z SIG g5 < SIGTOMM + SIGTEF™RA;
kEKE 4

S10NIG, 45 < SIONIGTS/M + S10NIGTES™R4;

ekt

and

S30RIG, 4y < S30RIGTP4M + S30RIGTESTRA,

20R
keK{ 4

8.54.4 A constraint shall limit intertie schedules as a result of intertie
curtailments. For intertie zone sink bus d € DX and time-step t€ 7S
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[CMinXL,,; < Z SKL,4; < ICMaxXL, .
J€lq

8.5.4.4.1 For intertie zone source bus d € DIl and time-step t€ 7S

ICMinlG, , < SIG, 4 = ICMaxIG, ;;
keK td

ICMin1ONIG, ;< S10NIG, 4, < ICMax10NIG, ;
kekiOV
and

ICMin30RIG, ;< Z; SB0RIG, 4, <ICMax30RIG, .
R

kERSY

8.5.5 Operating Reserve Requirements

8.5.5.1  The total synchronized ten-minute operating reserve, non-
synchronized fen-minute operating reserve and thirty-minute
operating reserve scheduled from a dispatchable load shall not
exceed:
8.5.5.1.1 the dispatchable load’s ramp capability over 30 minutes;
8.5.5.1.2 the total scheduled load less the non-dispatchable portion; and

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

8.5.5.1.4  These restrictions shall be enforced by the following constraints
for all time-steps £ € TS and all buses b € B”%:

SL0SDL,,,+ Y SLONDL,,,+ Z S30RDL,,, < 30-0ORRDLy;
I'Ef}.bs I'Ef}.bﬁ JE bR

Z SL0SDL, ,,+ Z SLONDL,,+ Z QORDstZ SDL,, - QDLFIRM,
Jelty® sl Jefty" Jelgy

and

;SIOSDL“, o+ ; SIONDL,;, + ; S30RDL,;, < Z SDL, ;,-MinDL,5.
JET €l J€Ls €Ty
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8.5.5.2  The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all time-steps € 7Sand all buses b € B ~:

S10SDL,,;+ Y SIONDL,,, <10-ORRDL,

2 jehg

8.5.5.3  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 all time-steps ¢ € 7S and all intertie zone sink buses

de DX

SIONXL, ,; + Z; S30RXL, EZ SXLyy
jeled g J€lea

8.5.5.4  The total operating reserve scheduled from a committed dispatchable
generation resource shall not exceed that resource’s: (i) ramp
capability over 30 minutes; (i1) remaining capacity; and (iii)
unscheduled capacity. These restrictions shall be enforced by the
following constraints for all time-steps £€ T'Sand all buses b € B”:

SL0SDG,  ; + SLONDG, , . + Z; S30RDG, . < 30-ORRDG,;
R

105 A0N
f(EK;b "RE‘&t.b f(EX;_b

Z SL0SDG, , , + SLONDG, ,, + ZD SBORDG,MEZ{ (0DG, - SDG,, );
keKi9S keki9ON kek9k keKE,

and

S105DG, ;. + Z S10NDG, ,; + z S30RDG, , ;

10N

kEKLDS KEK}D ek IR
< AdjMaxDG,; — SDGy e — MinQDGC,,.
kEKEy
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8.5.5.5  The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide shall not exceed the amount by which the resource can
increase its output over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all time-steps £€ 7S and all buses b € B¢

S10SDG, 1. + 2 S10NDG, ,; < 10 - ORRDG,.

108 10N
kERE b kEKE

8.5.5.6  The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource is scheduled to provide shall be
limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following
constraint for all time-steps € 7Sand all buses b € B”¢ with
RLP10S,;, >0:

S10SDG, j x

108
ke p

1
< | MinQDGC, - 0DG, , + Z SDGpx '(m)
kEK, v

min< 10 - ORRDG,, Z Q10SDG, 4 4

108
kEKtp

8.5.5.7  The amount of thirty-minute operating reserve that a dispatchable
generation resource 1s scheduled to provide shall be limited by its
reserve loading point for thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all all
time-steps ¢ € 7Sand all buses b € B”C with RLP30R,;, >0:

S30RDG, ,

- 30R
kEKtlb

1
< | MinQDGC, - ODGyy, + Z SDGep (W)
keKE, *

min< 30 - ORRDG,, Z Q30RDG, 4

ek IR
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8.5.5.8  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
time-steps ¢ € 7.5 and all intertie zone source buses d € DI

S10NIG; 4, + Z S30RIG; 4, = (QIG, a1 — SIGyq4)-

kek N kekFoR keKE,

8.5.6 Pseudo-Units

8.5.6.1 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 15. For all time-steps ¢t € 7.5 and pseudo-unit buses b €
BPSU.

SCT,, = (1 — STShareMLP,) - MinQDGC, - ODG,,

+(1 — STShareDR,) - Z SDGp i |

kEKPR

and for all time-steps ¢ € 7.5 and steam turbines p € PST:

STShareMLP, - MinQDGC,, - ODG,, +

S5Tep = Z STShareDR,, - SDG,pr |+ SDG,
vesy" kekPR keKPE

8.5.6.2  Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules. For
all time-steps t€ T'Sand pseudo-unit buses b € BV
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MinQDGC, - ODG, , < MaxMLP,,,

Z SDG,,, < MaxDR,,,

R

Z SDG,,, < MaxDF,,,

F
KEK

and

SDG, e + Z S10SDG, , . + Z S1ONDG,

KEKE, ek DS kek N
+ z S30RDG, 1, < MaxDR, j, + MaxDF, ;.
keKEPR

8.5.6.3  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 operating reserve. For all all time-steps
t€ TSand pseudo-unit buses b € BVO1OPF:

O10R,, € {0,1},

and

SDG,y . + Z 5105DG, ). + Z S10NDG, ;i
kEKE, kEK}DS ek }9N
< MaxDR,;, + (1 — 010R, ;) - MaxDF,

8.5.6.3.1 For all time-steps t€ TS, pseudo-unit buses b € BNO10PF and
laminations k& € K}%S :

S105DG, i < O10R,,-Q105DG 4

8.5.6.3.2  For all time-steps t€ TS, pseudo-unit buses b € BVO10PF and

laminations kK € 1(}2” :

SLONDG,},; < O10R,,-QLONDG, .

8.5.6.4  For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3, the combustion turbine

schedule for the pseudo-unit at bus b € B™Y in in time-step t€ TSwill
be equal to:

8.5.6.4.1 SCT,p if the pseudo-unit is scheduled at or above minimum loading
point;
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8.5.6.42  RampCTCy,, if the pseudo-unit is scheduled to reach minimum

loading point in thermal state m € THERM in time-step ¢+ w for
w €{1,.,RampHrsCy'}; or

8.5.6.4.3 0 otherwise.

8.5.6.5

8.5.7
8.5.7.1

8.5.7.2

8.5.7.3
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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 € B5" ramping to minimum loading point as given
by RampSTCy),, for a pseudo-unit scheduled to reach minimum

loading point in thermal state m € THERM in time-step (£ + w) for
w €{1,.,RampHrsCy}'}.

Dispatchable Hydroelectric Generation Resources

A dispatchable hydroelectric generation resource shall be scheduled
to at least its hourly must-run quantity. For all time-steps t€ 7.5 and
dispatchable hydroelectric generation resource buses b € BE:

0DG,, - MinQDGC, + SDG,,; = MinHMR, .
kEK,

A dispatchable hydroelectric generation resource shall either be
scheduled to O or to at least its minimum hourly output. For all time-
steps t€ T'Sand all hydroelectric generation resource buses b € B"E:

OHO,, €{0,1};
0DG, , - MinQDGCj + SDG,, = MinHO, , - OHO, , ;
keKep
and for all k €K7
0 <SDG,;; <OHO,;-QDG, , ..
A dispatchable hydroelectric generation resource shall not be

scheduled within its forbidden regions. For dispatch days q € DAYS,
all time-steps t € 7Sin dispatch day g, all dispatchable hydroelectric

generation resource buses b € B”f and all /1€ {1,.,NFor;}:
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OFR,),; €{0,1};

ODG,, - MinQDGC, + Y SDG,,y
kEK,
= OFRt,b.f ' Foqu,b.i + (1 - OFRt.b.E)

MinQDGC, + QDG p |;
KEKL),

and

ODGt,b . ManDGCb + SDGC.b.k = (1 - OFRC,b.i} ' FOTUqu_E.
kEKy)

8.5.8 Wheeling Through Transactions

8.5.8.1 The amount of scheduled export energy must be equal to the amount
of scheduled import energy for wheeling through transactions. For all
time-steps ¢ € 75 and all linked boundary entity resource buses
(dxdi) € Ly

SXLEdeJ = S‘{Gt.di.k'

J€ltax KEK 44

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

8.6.1 Energy Ramping
8.6.1.1

wsed:-For disptachable loads, the constraints in section 8.6.1.5 and
section 8.6.2.1 use URRDL, to represent a ramp up rate selected
from URRDL,},, and uses DRRDL,, to represent a ramp down rate
selected from DRRDL, , ,, .

8.6.1.2 For disptachable generation resources, the constraints in section
8.6.1.7 and section 8.6.2.2 use URRDG), to represent a ramp up rate
selected from URRDG, , ,, and uses DRRDG), to represent a ramp
down rate selected from DRRDG, p, .
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8.6.1.3

8.6.14

The pre-dispatch 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 time-step 1 are obtained
from the initial scheduling assumptions in section 5.9. For all time-
steps t€ TS the ramping rates in all ramping constraints shall be
adjusted to allow the applicable resource to:

8.6.1.3.1 ramp down from its lower limit in time-step (£ — 1) to its upper

limit in time-step £ and

8.6.1.3.2  ramp up from its upper limit in time-step (¢ — 1) to its lower limit

8.6.1.5

8.6.1.6

8.6.1.7
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in time-step £

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 time-steps ¢ € 7.5 and buses

be BPL:

Z SDL,_,4,;— 60-DRRDL), < Z SDL, ), ;
JE€lt a1 i€lep

< SDL,_,,; + 60 - URRDL,

jE;t—l.b

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 time-steps

t€ TSand all buses b € BPR:

(QHDR,_,,,; — SHDR,_,, ) — 60 - URRHDR,
JE€Tt_1b
< ) (QHDR,,; —SHDR,,))
JEItn
< (QHDR,_,,,; —SHDR,_, ;) + 60 - DRRHDR,,.
J€Jt_1p
Energy schedules for a dispatchable generation resource that is

committed cannot vary by more than an hour’s ramping capability for
the applicable resource. For all time-steps € TSand all buses b € B’ :
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8.6.1.7.1 For the first hour a resource reaches its minimum loading point,
where ODG,, = 1, ODG,, j, = 0, the following constraint shall be
applied:

0< SDG, ,, < 30 URRDG,
kEK ),

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

SDG,_y . — 60 DRRDG, < Z SDG, p 1
kEK 1 p kEKE
< SDG,_, 4 + 60 URRDG,
ket 1 b

8.6.1.7.3 For the last hour the resource is scheduled at or above minimum
loading point before being scheduled off, where ODG, ), =
1, ODG 41 = 0, the following constraint shall be applied:

0< SDG,,; < 30-DRRDG,
KEKE ),

8.6.1.8  The first and third constraint in section 8.6.1.6 do not apply to a quick
Start resource.

8.6.1.9  For time-steps where non-quick start resources are ramping up to
minimum loading point, energy shall be scheduled for these resources
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 the their ramp capability to decrease
load consumption and for all time-steps t€ 7S and all buses b € B”:

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

IS5 JEIER" JEIED"
< Z SDL,,, — Z SDL,_,,, + 60 - DRRDL,.
JEIty J€lt-1p
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S10SDL,, ; + z S10NDL,, ; + 2 S30RDL,,,

JEJEDS jertpy JEIEDR
< Z SDL,, ; — SDL,_,; + 60 - DRRDL,.
JElth JEN_1p

8.6.2.2  The total synchronized ten-minute operating reserve, non-synchronized
ten-minute operating reserve and thirty-minute operating reserve from a
committed dispatchable generation resource shall not exceed its ramp
capability to increase generation and for all time-steps £ € 7.5 and all

buses b € BPG:

S105DG, , . + z S1ONDG, . + Z S30RDG, ,

108 Lo 10N 30R
kEKt.D kEKtlb kEK!,b

i: Z SDGt—I.b,I:C - Z SDG:‘.J-b.k + 60 ' URRDGb,

REK: 1 p kEK),

S10SDG, , , + z S10NDG, , , + Z S30RDG, ,

keKESS ke N kekioR
+ S5DG, . < [(t —n)- 60+ 30] - URRDG, - ODG,,
kEKD,

where n is the time-step of the last start before or in time-step ¢ and

S10SDG, ,, + Z S10NDG, ,, + 2 S30RDG, ,
KEKEDS leek i ON kekioR
+ Y SDG,, . < [(m—t)- 60 +30]- DRRDG, - ODG,,

kEKY)

where m is the time-step of the last shutdown in or after time-step &

8.6.3 Non-Quick Start Resources

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

8.6.3.2  In the first forecast hour of the pre-dispatch look-ahead period, a
resource’s current hours on shall determine any remaining minimum
generation block run-time to enforce. If 0 < /nitOperHrs;, <
MGBRTDG,,,, then the resource at bus b € BV has yet to complete
its minimum generation block run-time, and:
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0DG, 4, 0DG3 4, ..., 0D Gmin(nLA pMGBRTDG 54 p-InitOpertrsy + 1),b — 1.

8.6.3.3  In the first forecast hour of the pre-dispatch look-ahead period (i.e.
time-step 2), the number of hours a resource has been down shall
determine any remaining minimum generation block down time to
enforce and shall respect the minimum generation block down time for
a hot thermal state. If 0 < InitDownHrs, < MGBDTDG,9,, then the

resource at bus b € BV has yet to complete its minimum generation
block down time, and:

0DG, ;,0DGy,,..,0DG,, 0.

in( 1,45, MGBDTDGHI], ~ InitDownHrsy + 1),b —

8.6.34 If ODG.y =0 and ODG,, =1 for time-step t€ TS5, then the resource
at bus b € BV has been scheduled to start up during time-step #and
shall be scheduled to remain in operation until it has completed its
minimum generation block run-time or to the end of the pre-dispatch
look-ahead period. Therefore:

ODGyy 1,5, 0DGy 4 2,1y ODGriin( iy gt + MGBRTDGC1),0 = 1

8.6.3.5 If ODG.y,=1and ODG,, = 0 for time-step £€ TS, then the resource
at bus b € BV has been scheduled to shut down during time-step ¢
and shall be scheduled to remain off until it has completed its hot
minimum generation block down time or to the end of the pre-dispatch
look-ahead period. Therefore:

ODGyy 1,5, 0DG, Z,bf""ODGm1'n(nLAp,[+ MGBDTDGCHOT-1),bp = 0.

8.6.3.6 A Boolean variable /DG, indicates that the non-quick start resource
at bus b € BV% is scheduled to reach its minimum loading point in
time-step ¢ € 7.5 after being scheduled below its minimum loading
point in the preceding time-step. A value of zero indicates 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. Therefore, for all time-steps € 7Sand all buses b € BV:

1 ifODG.; ,= 0 and ODG,,= 1

IDG ={
&b 0 otherwise.

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 € BN?S:

z IDG;;, < MaxStartsDG;yq, — NumStarts,gq p.

tETStod
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8.6.3.7.1 and if the pre-dispatch look-ahead period spans two dispatch days
then:

IDG,;, < MaxStartsDG,,,, 1
tETStom

8.6.3.8  For a non-quick start resource at bus b € B"VS that has been offline
InitDownHrs), hours, and for future minimum loading point time-step
t€{2,...,n.4p}, the pre-dispatch calcluation engine shall assign a
start-up offer and ramp energy to minimum loading point profile as
follows:

8.6.3.8.1 If0 < InitDownHrsy, + t— 1 < MGBDTDGC7, then the
resource cannot be scheduled in time-step £

8.6.3.82 If MGBDTDGCLT < InitDownHrs, + t— 1 < MGBDTDGC]" kM,
then the resource will be assigned a “HOT” thermal state for time-
step t and the start-up offer S UDGbe T shall apply. The ramp up
energy to minimum loading point profile shall be RampEC{ o,
w €{1,.,RampHrsC}'};

for

8.6.3.83 If MGBDTDGC) ™M < InitDownHrs, + t—1 <
MGBDTDGC,P"P, then the resource will be assigned a “WARM”
thermal state for time-step t and the start-up offer SUDGZ'ZARM shall

apply. The ramp up energy to minimum loading point profile shall
be RampECy 4™ for w € {1,.,RampHrsC}'}; and

8.6.3.84 If MGBDTDGCSP'’ < InitDownHrs), + t— 1 then the resource
will be assigned a “COLD” thermal state for time-step t and the
start-up offer SUDG[%)LD shall apply. The ramp up energy to
minimum loading point profile shall be RampECgﬁ,w for
w €{1,.,RampHrsC}'} .
8.6.3.9  For a non-quick start resource at bus b € BVS that is in-service as
determined by its initial condition, the pre-dispatch calculation engine
shall assign a start-up offer and ramp up energy to minimum loading

point profile associated with the future thermal state as specified in
section 8.6.3.8.

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
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8.6.4.1.2 energy in amounts that would preclude such resource from
providing operating reserve when activated;

8.6.4.1.3 for all buses b € B*LR where an energy limited resource is located
and all time-steps 7€ 75,4

z 0DG,, - MinQDGC, + Y SDG,,x
t=2.T kEKEy

+ 100RConv 2 S10SDGy . + z S10NDGy ) i

keKFGS kekHN

+ 300RConv Z S30RDGy 4 4

kekFoR

_ z SMaxDelVioly

t=1.NmaxDevioly

< MaxDEL,,4, — EngyUsed,,.

8.6.4.2  If the pre-dispatch look-ahead period spans two dispatch days, the
constraints in section 8.6.4.1 shall apply to an energy limited resource
for each dispatch day, and shall consider the amount of energy already
provided by the resource for the current dispatch day. Therefore, for
all buses b € B?LR where an energy limited resource is located and all
time-steps 7€ TSyom:

2 0DG,, - MinQDGC, + > SDG,,

t=ttom.T kEK)

+ 100RConv z S10SDGry, + Z S10NDGy, .

108 0
ICEKle kEKT,b

+ 300RConv z S30RDGr
keKFOR
- z SMaxDelVioly ,; < MaxDELqy, »-

t=1.NpaxDelvioip
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where the factors 10 ORConvand 30 ORConv 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 pre-dispatch 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. If the pre-dispatch look-
ahead period spans two dispatch days, the constraint shall be applied
for both days. Violation variables for under-scheduling a resource’s
minimum daily energy limit may be used to allow the pre-dispatch
calculation engine to find a solution. For all dispatchable
hydroelectric generation resource buses b € B

0DG, , - MinQDGC,, + SDGy i
tETStoq keKFy

+ z SMinDelViol,,; | = MinDEL,,4, — EngyUsed,,.

i=1.NMinDelvioly

8.6.5.1.1 and if the pre-dispatch look-ahead period spans two dispatch
days, for all hydroelectric resource buses b € B

0DG,, - MinQDGC, + SDG, ,

tETStom kEKE)

4 Z SMinDelViol, ,; | = MinDEL,,,.

i=1L.NMinDelViol;

8.6.52 A Boolean variable IHE,,; indicates that a start for the dispatchable

hydroelectric generation resource at bus b € B"'E was counted in time-
step ¢t €TS 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

fori €{1,.., NStartMW,}. A value of zero indicates that a start was not
counted, while a value of one indicates that a start was counted.
Therefore, for all time-steps ¢ € TS, buses b € B¢
values i € {1,..,NStartMW}:

and start indication
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1 If ODG:‘.—l,b . METIQDGCb + SDGE—'I.,b.R < StﬂTtMWb_i

kEKE_1b
IHE, ,; =
and | ODG,, - MinQDGC, + SDG; . = StartMW, ;
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. If the pre-dispatch look-ahead period spans
two dispatch days, this constraint shall be applied for both days. The
following constraint shall apply for all buses b € B/E:

IHE,,; | < MaxStartsHE,,;;, — NumStartsHE,,.

tETStoq \ i=1.NStartMWy

8.6.5.3.1 and if the pre-dispatch look-ahead period spans two dispatch
days, for buses b € BE:

IHE, ,; | = MaxStartsHE,,, ;.

tETStom \ {=1.NStartMWp

8.6.5.4 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not exceed shared maximum
daily energy limits. If the pre-dispatch look-ahead period spans two
dispatch days, the constraint shall be applied for both days, where the
constraint for today shall consider the amount of energy already
provided by resources with a registered forebay. Violation variables
for over-scheduling the maximum daily energy limit may be used to
allow the pre-dispatch calculation engine to find a solution. For all
sets s € SHE and all time-steps 7€ 7,4
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Z Z' 0DG,, - MinQDGC), + Z SDGy
t=2.T \p eB;'E

kEKE,

+ Z 100RConv z S10SDGy s + 2 S10NDGy,

beBHE keKEIS ek N

+ 300RConv z S30RDGy,

kekZOR

— Z SSMaxDelVioly s; < MaxSDEL,,4 s — EngyUsedSHE;

i= I«NSMMDEIVE'OIT

8.6.5.4.1 and if the look-ahead period spans two dispatch days, then for all
sets s € SHE and all time-steps T€ 7S;,,,:

z Z 0DG,, - MinQDGC,, + Z SDGy p 1
t=ttom.T \ b €BE

kEK,

+ Z 100RConv Z S510SDGyr 4 + Z S10NDGy 4,
beBHE

keKF3S kekFN

+ 300RConv Z S30RDGr .

30R
keKp )y

— Z SSMaxDelVioly .; < MaxSDEL,,,, ¢

i=1.NsMaxDelvioly

where the factors 10 ORConvand 30 ORConv 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. If the pre-dispatch look-ahead period spans two dispatch days,
the constraint shall be applied for both days, where the constraint for
today shall consider the amount of energy already provided by
resources with a registered forebay. Violation variables for under-
scheduling the minimum daily energy limit may be used to allow the
pre-dispatch calculation engine to find a solution. For all sets s € SHE:
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Z Z ODG, ;, - MinQDGC, + SDGy 1
teTStod \b €BLE KEK Py

+ z SSMinDelViol, ;; | = MinSDEL,,, s — EngyUsedSHE;

i=1.NsMminDelViol;

8.6.5.5.1 and if the pre-dispatch look-ahead period spans two dispatch days,
then for all sets s € SHE:

Z Z 0DG,,, - MinQDGC, + Z SDG,
tETStom \ b €BHE

kEKE,

+ z SSMinDelViol, ,, | = MinSDEL,,,,..

{=1.NgsMinDelViol}

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

8.6.5.7 For linked dispatchable hydroelectric generation resources, time-steps
in which the upstream resources schedule is not determined in the pre-
dispatch calculation engine optimization, the constraint shall link
either the historical or time-step 1 anticipated production for the
upstream resources to the schedule for the downstream resources.

8.6.5.8  For all linked dispatchable hydroelectric generation resources
between upstream resources by € B{Z’f and downstream

resources b, € BIE for (by,b,) € LNKCand all time-steps t€ TS such
that t< LagCj, 5, *1:
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0DG,,,, - MinQDGC,,, + Z SDG, x
b,eBHE KEKE,

_ 2 SOGenLnkVioIfr(bl_bz),g

i=1.NoGenLnkVioly

+ Z .S'UGenLnkVioltl(bl,bz),i

i=1.NygenLnkViols

= MWhRatioCbl.bz ' Pa.gtMWht_bl.

8.6.5.9 For linked dispatchable hydroelectric generation resources, time-steps
in which both the upstream and downstream resource schedules are
determined in the pre-dispatch calculation engine optimization, the
constraint will link the scheduling variables for both the upstream and
downstream resources.

8.6.5.10  For all linked dispatchable hydroelectric generation resources
between upstream resources by € BZ’;U and downstream

resources b, € Bif for (by,b,) € LNKCand time-steps t € T'Ssuch
that £+ LagCy, », < np4p:

ODG1pagey, b, * MINQDGCy, + z SDGeyLagey, b, bk

i E
bzEB gy kEKHLﬂQ‘:Dl,bz'bz
_ Z S0GenLnkViol,spag,, ,,.(b1b),i
i= 1..No(;enLnkVi'Oft+La9‘bl bo
+ Z SUGenLnkViolyypag,,, ,. (byby),

i=1.NygenLnkViolti1ag, ,
1L.v2

— MWhRatioC,_,, - Z ODG, ,, - MinQDGC,, + Z DGy,
biEBE kEKEy,

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 time-step ¢ € T, With,, shall be represented by:
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8.7.1.2

8.7.13

8.7.14
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SDL, if b € BPL
J€ltp

(QHDR,; — SHDR, ) if b € BHPR
€ltb

The total amount of export energy scheduled at intertie zone bus d €
DX in time-step t€ TS, With, 4, as the exports from Ontario to the
intertie zone bus shall be represented by:

Witht,d - SXLt,d,j'

JEIta

The total amount of injections scheduled at internal bus b € B in time-
step t€ TS, Inj.p, shall be represented by:

Inj,, = Offerinj,, + Ramplnyj,

where:
SNDG, , if b € BNPG
KEKE,
OfferInj,, =
0DG, ) - MinQDGC,, + SDGyp if b e BP¢
KEKL)
and
Ramplnj,

RampEC]', - IDG, 4, , if b € BN
w=1..min(RampH:r‘ng‘.nLAp—r) )

0 otherwise

The total amount of import energy scheduled at intertie zone bus d €
DI in time-step t€ T, Inj, 4, as the imports into Ontario from that
intertie zone bus shall be represented by:

hljt‘d = Z SIGt,d,k'

E
kEKE,
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8.7.1.5  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 pre-dispatch calculation

engine to produce a solution. For time-step £ € 7, the energy balance
shall be:

FL: + z (1 + MglLoss, p) - With,

beBDLypHDR

+ Z (1+ MglLoss, 4) - With 4 — Z SLdViol, ;
deDX £=1~NLdVioIt

= z (1 + MglLoss,;) - Inj,
beBNDGyRDG

+ Z (1 +MglLoss; ) - Injeq — Z SGenViol,
deDI i=1>'NGeYIVEOEt

+ LossAdj;.

8.7.2 Operating Reserve Requirements

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

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

zz ZE S10SDL,,; | + EE ZE S10SDG,py |+ ZE S10SViol, ;

peRDL J'.Eftl,gs beBDG kEKtl.gS 1=1--N10.S‘Viait

> TOT10S,;
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Z Z S10SDL,,; | + Z Z S10SDG,,

beBPL \ jejtos beBPE \ kek}ps
+ Z Z S10NDL,,; |+ Z Z S10NXL, 4 ;
beBPL \ jejtpN deDX \ jejioN
+ z Z S10NDG ;. | + z Z S10NIG; gk
beBPE \kekpN deDI \ kek}N

+ Z S10RViol,; = TOT10R,;

i=1.Nyorviol,

and
z Z S10SDL,,, |+ Z z S10SDG, ,, | + z Z S10NDL,
pepDL }E}égs beRDG REKIOS beBPL J-E]tl.lgN
+ Z z S1ONXL.q; | + SlONDGtJka
deDX J'Ejg'gN bEB DG REK}IBN
+ Z Z S10NIG, 4y | + S3ORDLt_b_j
deDI kEKrl,gN bER DL j Ejts gR
+ Z Z S30RXL,,; | + 530RDGE_D_R
deDX Jj EJES{R bEB DG kEthgR

+ Z Z S30RIG 4, | + Z S30RViol,; > TOT30R,.

deDI \ kek3OR i=1.NaoRvial,

8.7.2.3  The following constraints shall be applied for each time-step t€ 75
and each region r € ORREG:
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S10SDLy; |+ Z z S10SDGy,

beBREGNBDL \ jejios beBREGNBDG \ kek}ps

+ Z S10NDL,,; | + Z S10NXL, 4 ;

bEBRECNEDL \ jesiol depBECnpx \ jeste

beBFECNBPE \kek PN deDRECnpr \kek}oN

+ z S10NDG,, k) Z S1ONIG, 4
=

+ Z SREG10RViol, ;; REGMin10R, ,;
i=1.NggGioRViols
S10SDL;y; | + Z Z S10SDG,p
beBREGNBDL \ jej1os beBFECNBDE \ kek}p®

+ Z S10NDLgy; | + Z Z S10NXL; 4
beBRECNBPL \ jeyioN deDFECnpx \jejig

+ Z S10NDGpp | + Z Z S10NIG: 4
beBFECNBDG \ kek DN deDFECnDI \ kek Y

- Z SXREG10RViol,,; < REGMax10R,,;

i=1.NxpEGiorviols

S105DL;p; | + Z 5105DG;p
BEBFEANBPL \ jej}os beBFECNBPE \ kek}p®
+ Z Z S10NDL;y; | + Z Z S10NXL; 4
beBREGNBDL \ je 1o deDfECnpx \ jejigV
510NDG:,M + Z S10NIG. g4
bEBREGnBDG kerzN deDfECnDI \kek2qY
SBORDLM,J- + Z Z S30RXL; 4,
bEBR’-’GnBDf- JEJFOR deDFEnDX \ je iR
SBURDGt'b,k + Z Z S30RIG 4
bEBREGnBDG kek3gR d=DFECnDI \ kekioR

SREG30RViol,,; = REGMin30R,,;

i=1. NREcsogwax,

and
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+ z ( Z SlONDLt,,,,}-)
beBREGNRDL \ jey1oN
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+ Z ( SlONXLtd)) Z ( SlOSDLtJbJ-)
deDREGnpx jEij bEBREGﬂBDL 161103

+ Z ( S10SDG, k) ( Z SlONDGt,b,k)
beBRECNBDG \kek}ps beBRECNBPE \kek 2N

+ Z ( SlONIthk> (Z S30RDLLM>
deDEECnpI \kek 19N beBRECNBDL \ je 30k

+ Z (Z S30RXL, 4 ;
deDfECnpx

jEIBOR

Z S30RDG,
bEBREGﬂBDG kEK”R

+ Z ( S30RIthk> SXREG30RViol, ;;
deDRECnDI \kekioR i=1. NXREGBORler

< REGMax30R,,.

8.7.3 IESO Internal Transmission Limits

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

8.7.3.2  Pre-contigency, SPrelTLViols, ;, and post-
contingency, SITLViol. s+ ;, transmission limit violation variables
shall allow the pre-dispatch calculation engine to find a solution.

8.7.3.3  For all time-steps t € 7.5 and facilities f€ F}, the linearized constraints
for violated pre-contingency limits obtained from the security
assesment function shall take the form:

PreConSF,z - Inj.p, — Z PreConSF, ¢, - Withy,

beRNDGypDG beRDPLyYpHDR

+ Z PreConSFyrq - Injra — Z PreConSF, ;4 - With, 4

deDI d€eDX
— z SPrelTLVioly,; = AdjNormMaxFlow,.

i =1.Nprerrvioty,
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8.7.3.4  For all time-steps t€ 75, contingencies c € C, and facilities f€ F,, the
linearized constraints for violated post-contingency limits obtained
from the security assesment function shall take the form:

SFeerp ey — Z SFicfp - Withey, + Z SFicf.a
beBNDGypBDG beBPLyYBHDR deDI
'Injtjd - Z SFt,C,f,d " Witht,d
deDX

— Z SITLViol, ;; = AdjEmMaxFlow,

izl-‘NITLViolcflt

8.74 Intertie Limits

8.7.4.1 The Pre-Dispatch Scheduling algorithm shall produce a set of energy
and operating reserve schedules that respect any security limits
associated with interties between Ontario and intertie zones. For all
time-steps ¢ € 7S and all constraints z€ Zg:

EnCoeff,, z Z SIGyqx — Z z SXLyq,

d€Dlq keKE, d€DXa jejf,
Z Z STONIG, 4 + Z S30RIGy gy | +
QEA: EnCoeffy ;70 105+ (EnCoeff,, + 1) d€DIa \keKi9NY keK;R
z Z S1ONXLy g, + z S30RXL, 4
deDX, \ jejioN jesigR |
— Z SPreXTLViol,,; = MaxExtSch, .

i=1.NpreconxTLVio Izt

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 inferties
shall not exceed the net interchange scheduling limit. The net import
schedule shall be summed over all infertie zones for a given time-step
to obtain the net interchange schedule for the time-step, and shall not:

8.7.4.2.1 exceed the net interchange schedule for the previous time-step plus
the net interchange scheduling limit; and

8.7.4.2.2  be less than the net interchange schedule for the previous time-step
minus the net interchange scheduling limit.
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8.7.4.3  Violation variables shall be provided for both the up and down ramp
limits to allow the pre-dispatch calculation engine to find a solution
and for all time-steps t€ T5:

z Z SIG, 1 g5 — Z Z SXL,_ 1 4; — ExtDSC, — Z SNIDViol,

= E E S1Gy 45 — E E SXLt g
deDI kEKEd deDX jEJEd

< E E SIG,_1 x — E E SXL,_14; + ExtUSC,
deDI kEKf—l.d deDX J'IEJI!:E—Ld

+ Z SNIUViol, ;.

i =L.Nn1yviol,

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 Pre-Dispatch Scheduling
algorithm and for time-steps ¢ € 7S:
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8.8

Page 81 of 151

0 < SLdViol,; < QLdViolSch,,

0 < SGenViol,; < QGenViolSch,

0 < $105Viol,; < Q10 SViolSch, ;

0 < S10RViol,; < Q10 RViolSch,;

0 < S30RViol,; < @Q30RViolSch,;

0 < SREG10RViol,;; < QREG10RViolSch,;

0 < SREG30RViol,.; < QREG30RViolSch,
0 < SXREG\0RViol,,; < QXREG10RViolSch,;
0 < SXREG30RViol,,; < QXREG30 RViolSch,;
0 < SPrelTLViolg,; < QPrelTLViolSchy,;

0 < SITLViol,z; < QITLViolSch

0 < SPreXTLViol,,; < QPreXTLViolSch,;

0 < SNIUViol,; < @QNIUViolSchy ;

0 < SNIDViol,; < QNIDViolSch,

0 < SMaxDelViol, ;< QMaxDelViolSch,

0 = SMinDelViol,,,; < @QMinDelViolSch,,,

0 < SSMaxDelViol, ;; < QSMaxDelViolSch,  ;
0 < SSMinDelViol,; < QSMinDelViolSch,  ;

0< SOGE'HLHE{WO&@LJE&J’; < QOGenLnkViol, by by i for all (by,by) € LNK, 1€ {1,.,.Nogeninkvioy };

and

0< SUGenLnkI/?'ofr,(bh%,; < QUGenLukaf,lu,be for all (by,b,) € LNK;, 1€ {1,..Nygeniniviol, }-

Outputs

for all 7 €{1,... Nrgyior}:

for all 7 €{1,.., Ngapvion,}:

for all 7 €{1,.., Nospion}:

for alli € {1,.., Mo ryion}:

for all 7 €{1,.. N30 zvior/;

for all r € ORREG, i €{1,.., Nggerorvion):
for all r € ORREG, i € {1,., Ngggso rviolf:
for all r€ ORREG, 1 € {1,., Nygeci0rvion}:
for all € ORREG, i € {1,.., Nyggczorviol }:
for all f€ F, 1€ {1,.. Nprerryvior, }:

forall c€ G f€ Fyp, 1€ {1,., Nyppvion, . };
for all z€ Zgy, 1€ {1,.. Nprexivior, }:

for all 7€ {1,.., Nymvion,}:

for all 7€ {1,., Nyprion}:

for all be BER i€ (1,.,Nyaxpervioy }:

for all b€ B, i€ {1,.. Nygnpervior, }:

for all s € SHE, 1€ {1,., Nsyaxpervion };

forall s€ SH_E; I€ {1)"fNSMHDEIWGFt}:

8.8.1 Outputs for the Pre-Dispatch Scheduling algorithm include resource

schedules and commitments.
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9 Pre-Dispatch Pricing

9.1 Purpose

9.1.1

The Pre-Dispatch Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, subject to section 14.7.1.3,
and resource schedules and commitments produced by the Pre-Dispatch
Scheduling algorithm to meet the /ESO’s province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the pre-dispatch look-ahead period.

9.2 Information, Sets, Indices and Parameters
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9.2.1

9.2.1.1

92.1.2

9.2.13

9.2.14

9.2.1.5

Information, sets, indices and parameters used by the Pre-Dispatch
Pricing algorithm are described in section 3. In addition, the following
resource schedules and commitments determined by the Pre-Dispatch
Scheduling algorithm shall be used by the Pre-Dispatch Pricing
algorithm:

SDGf ,f ,f designates the amount of energy that the dispatchable
generation resource is scheduled to provide above MinQDGC,, at bus
b € BFIR y BYE in time-step ¢ € TS in association with lamination
k€ be;

ODGf;[,D s designates whether the dispatchable generation resource at

bus b € BPY was scheduled at or above its minimum loading point in
time-step t € TS;

SlOSDGf ,f ,f designates the amount of synchronized ten-minute
operating reserve that the dispatchable generation resource is
scheduled to provide at bus b € B*® 1 B"F in time-step ¢ € TS in

association with lamination k € Ktl,,?s;

Sl ONDGf f o designates the amount of non-synchronized ten-minute
operating reserve that the dispatchable generation resource is
scheduled to provide at bus b € B¥® v B in time-step ¢ € TS in

association with lamination k € K},?,N ;

S3ORDGf f ,f designates the amount of thirty-minute operating reserve
that the dispatchable generation resource is scheduled to provide at
bus b € BF*® U BMF in time-step ¢ € TS in association with lamination
ke KzgR; and
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9.2.1.6

OH. Of DS designates whether the dispatchable hydroelectric generation
resource at bus b € B"F has been scheduled at or above MinHO,;, in
time-step ¢ € T8S.

9.3 Variables and Objective Function

9.3.1

9.3.1.1

93.1.2

93.13

93.14

93.15

9.3.1.6

932
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The Pre-Dispatch Pricing algorithm shall solve for the same variables as
in the Pre-Dispatch Scheduling algorithm, section 8.3.1, with the
following exceptions:
IDG,,, for bus b € BP% and time-step ¢ € TS shall not appear in the
formulation,;

ODG,, forbus b € BPY and time-step ¢ € TS will be fixed to a
constant value, as determined by the Pre-Dispatch Scheduling
algorithm;

OHO,, forbus b € B and time-step ¢ € TS will be fixed to a

constant value, as determined by the Pre-Dispatch Scheduling
algorithm;

IHE,,; forb € BYE_ time-step ¢ € TS and start indication value
i €{1,..,NStartMW,} shall not appear in the formulation;

SOGenLnkViol, g, 4y); for (by,b,) € LNK such that b, EBZ,E and b, €

BIE time-step t € TS and i € {L,...NoGenLnivios,} shall not appear in the
formulation; and

SUGenLnkViol, 4, 1,y for (by,by) € LNK such that b, € B[l and b, €

BYE time-step t € TSand i €{1,...N, UGenLnkViol,5 Shall not appear in the
formulation.

The objective function for the Pre-Dispatch Pricing algorithm shall
maximize gains from trade by maximizing the following expression:
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z (ObjDLt — ObjHDR, + ObjXL, — OijDGt)
— ObjDG, — ObjIG, — TB, — ViolCost,

t€TS
where:
ObjDL,
Z SDL¢y ;- PDLyy,; — z S10SDL¢y, j - P10SDLyy, ; —
_ JEJEp ey _
vt Z S10NDL,,,; - PLONDL,, ; — Z S30RDL,,,; - P30RDL, ’
jerigy j €Ig"

ObjHDR, = Z Z SHDR,, ;- PHDR,,; |;

beBHDR \ j ejE,

Z SXLtqj PXLtg; — Z S10NXL; 4 ;- PIONXL; 4 ;

ObjXL, = E elia eid” ;
t = ’
deDX - E SBORXLtd} PBORXLth

: R
JEIEY

ObjNDG, = Z Z SNDG¢px - PNDGepp |:
beBNDG \ kekf,

Z SDGyyi* PDGpyx + Z S10SDGy . - PLOSDGyp 5 +
ObjDG, = Z o e ;
Lo 2 S10NDGypx - PLONDGy . + Z S30RDGypx - P3ORD Gy p i

kekioN kek39R

z SIGrax-PlGrax + Z S1ONIG, 45 - PLONIG, 4
ObilG KeKE, kekON
Jibe = Z
&, + Z S30RIG, qx  P3ORIG, 4.

30R
KEK; 5

9.3.2.1 The tie-breaking term, 7B,, shall be the same term described in section
8.3.2.1.

9.3.2.2  ViolCost; shall be calculated as follows:
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ViolCost, = Z SLdViol,; - PLdViolPrc, ;

i=1L.Npdviol,

— Z SGenViol,; - PGenViolPrc,;

i= 1--NGenV1'o.Et

+ Z S10SViol, ; - P10SViolPre, ;

i=1.N1osviol,

+ Z S10RViol,; - P1ORViolPrc,

i=1.NjoRviol;

+ Z S30RViol, ; - P30RViolPrc, ;

i=1.Nzorviol,

+ Z Z SREG10RViol, .; - PREG10RViolPrc, ;
rEORREG f=1r-NREGIORVEaIt
+ z SREG30RViol,.; - PREG30RViolPrc,;
TEORREG \i=1.NRrgGaoRviol,
+ Z Z SXREG10RViol, ,; - PXREG10RViolPrc,;
rEORREG \i=1.NxrEG1oRViol;
+ z Z SXREG30RViol, ;- PXREG30RViolPrcy;
T"EORREG \i=1.NxREG30RViol;
+ z z SPrelTLViol; ;- PPrelTLViolPrcg,;
FE€Fe \i =L.NpreirLvioly,

+Z z Z SITLViol, s ; - PITLViolPre, s

c€EC fEF; ¢ f=1--NITLVE01cf|t

4 Z Z SPreXTLViol,,; - PPreXTLViolPrc,,;

2€Zscp \i=1.NprexTLViol,

+ z SNIUViol,; - PNIUViolPrc, ;

i =L.NN1uviol,

+ Z SNIDViol,; - PNIDViolPrc, ;

i=L.NNipviol,

+ Z SMaxDelViol, ;, ; - PMaxDelViolPrc, ,;

bEBELR \i =1.Npmaxpelviol,
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n Z Z SMinDelViol, ,; - PMinDelViolPrc,,
beEBHE

i= 1»<NMinDeIVioIt

v z Z SSMaxDelViol, . ; - PSMaxDelViolPrc,
sESHE

i =1--N5MaxDeWioIt

+ z z SSMinDelViol, s ; - PSMinDelViolPrc, g;
SESHE

i= 1~>N.S‘MmDe.iVioit

9.3.2.3  The objective function of the Pre-Dispatch Pricing algorithm in
section 9.3.2 shall be subject to the constraints described in sections
9.4-9.8.

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 Pre-Dispatch Pricing algorithm.

9.5 Dispatch Data Constraints Applying to Individual Hours

9.5.1 Scheduling Variable Bounds

9.5.1.1  Energy and operating reserve schedules shall not be negative and shall
not exceed the quantity respectively offered for energy and operating
reserve. For all time-steps ¢ € TS:
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0 <SDL,;; < ODL,, forall b €BPL,j € J5;

0 <S10SDLy5; < Q10SDL,, . forall b € BPL,j €J:)°;
0 <SLONDL;;; = Q10NDL,, . forall b €BPF,j € 1%,
0 <S30RDL;;; < O30RDL,, forall b €BPL,j € PR
0 <SHDR;; < QHDR,,. forall b €BHPR j € JE,;
0 <SXL,4; < OXL,,; forall d €DX,j € J5;

0 <SL0NXL;4; < QIONXL, . foralld €DX,j €J,9;
0 <S30RXL,4; < O30RXL, foralld €DX,j ELY

0 <SNDG,;; < ONDG,,, forall b € B"PY, k € K&,
0 <SIG,4; = QIG,,, forall d €DI, k €KZ,

0 <S10NIG,4; < QLONIG, foralld €DI k €K.3'; and
0 <S30RIG,q; < Q30RIG, ,, forall d €DI, k €K,

9.5.1.2 A dispatchable generation resource may be scheduled for energy and
operating reserve only if its commitment status variable, as determined
by the Pre-Dispatch Scheduling algorithm, is equal to 1. For all time-
steps t €T8S:

0 < SDG,,; < ODG* QDG forall b€ B, k€ K%y;
0 < S10SDG, ;< ODGLY*-Q10SDG, 1 for all b€ B¢, ke K39%;
0 < SIONDG,,; < ODGLYS-QIONDG,,,  forall be B, ke K)Vand
0 < S30RDG, ;< ODG‘fES-QBORDGmk forall be B”, ke KR

where

ODGP DS is a fixed constant in the above constraints, per section 9.8.1.1.

95.2 Resource Minimums and Maximums
9.52.1  The constraints in section 8.5.2 shall apply in the Pre-Dispatch Pricing
algorithm.
953 Off-Market Transactions

9.5.3.1  The constraints in sections 8.5.3.1 and 8.5.3.2 for inadvertent payback
transactions shall apply in the Pre-Dispatch Pricing algorithm.
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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 the
Pre-Dispatch Pricing algorithm.

9.5.3.3  For all time-steps ¢ € TS and all boundary entity resources scheduled

to import emergency energy that does not support an export d €
DJEMNS.
t .

954 Intertie Minimum and Maximum Constraints

9.54.1  The constraints in section 8.5.4 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.5.5 Operating Reserve Scheduling

9.5.5.1  The constraints in section 8.5.5 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.5.6 Pseudo-Units

9.5.6.1  The constraints in section 8.5.6 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.5.7 Dispatchable Hydroelectric Generation Resources

9.5.7.1  The constraints in section 8.5.7 shall apply in the Pre-Dispatch Pricing
algorithm as well, with the following exceptions:

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

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

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

9.5.8 Wheeling Through Transactions

9.5.8.1  The constraints in section 8.5.8 shall apply in the Pre-Dispatch Pricing
algorithm as well.
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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 Pre-Dispatch Pricing
algorithm as well.

9.6.2 Operating Reserve Ramping

9.6.2.1 The constraints in section 8.6.2 shall apply in the Pre-Dispatch Pricing
algorithm as well.

9.6.3 Energy Limited Resources

9.6.3.1 The constraints in section 8.6.4 shall apply to energy limited
resources. If a resource’s maximum daily energy limit is binding, then
the constraints in section 9.8 shall also 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 under-scheduling a resource’s minimum daily energy
limit shall be provided to allow the pre-dispatch calculation engine to
find a solution. For all dispatchable hydroelectric generation resource
buses b € B

ODGEPS - MinQDGC,, + Z SDG, 1
t€TStod KEKE,

+ Z SMinDelViol,p,; | = MinDEL;yq
i=1--NM1'r1De.iVioit

— EngyUsed,,.

9.6.4.1.1  If the pre-dispatch look-ahead period spans two dispatch days, for
all hydroelectric resource buses b € B

Z ODGEPS - MinQDGC,, + Z SDGyp
tETStom kEbe

+ Z SMinDelViol,;,; | = MinDEL 4, p-

i=1.Npminpelviol;
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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 Pre-Dispatch Scheduling algorithm.

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 pre-dispatch
calculation engine to find a solution. For all sets s € SHE and all time-
steps T€ TS,,4:

Z z ODGEPS - MinQDGC, + Z SDG,p
t=2.T \ p eBHE keKE,

+ Z 100RConv Z S10SDGr 5 + Z S10NDGr 4

beBHE KEKTSS kekg oY

+ 300RConv Z S30RDGr j,
KEKFIR
— z SSMaxDelVioly c; = MaxSDELy,q s — EngyUsedSHE.

f=1--NSMaxDeIVio!T

9.6.4.3.1 If'the look-ahead period spans two dispatch days, then for all sets
S € SHF and all time-steps 7€ TS,

ODGFDS - MinQDGC,, + Z SDGyp

t=teom-T \ b EBSHE R’Ebe

+ Z 100RConv Z S10SDGr,, . + z S10NDGy

beBHE keKFSS keKTG

+ 300RConv z S30RDGr p 4
keKZR
— Z SSMaxDelVioly ;; = MaxSDEL,,,, s

f=1-wNSMaxDeIVio£T

where the factors 10 ORConvand 30 ORConv shall be applied to
scheduled ten-minute operating reserve and thirty-minute
operating reserve 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 pre-dispatch
calculation engine to find a solution. For all sets s € SHE},; and all
time-steps £t € 75,4

Z Z ODG[P® - MinQDGC, + Z SDG, p,

t€TS¢oq \b EBHE keKE,

. z SSMinDelViol, .

i=1.Nspinpelviol;

= MinSDEL.,; s — EngyUsedSHE;.

9.6.4.4.1 If the look-ahead period spans two dispatch days, then for all sets
S € SHF and all time-steps t€ TS,,,,:

Z Z ODGEPS - MinQDGC, + Z SDGy px

tETStom \b EBSHE kEbe

+ z SSMinDelViol, ; | = MinSDEL,,, 5.

i=1.Nsminpelviol;

9.7 Constraints for Reliability Requirements

9.7.1 Energy Balance

9.7.1.1  The constraint in section 8.7.1 shall also apply in the Pre-Dispatch
Pricing algorithm, except the marginal loss factors used in the energy
balance constraint in the Pre-Dispatch Pricing algorithm shall be fixed
to the marginal loss factors used in the last optimization function
iteration of the Pre-Dispatch Scheduling algorithm.

9.7.2 Operating Reserve Requirements

9.7.2.1 The constraints in section 8.7.2 shall also apply in the Pre-Dispatch
Pricing algorithm.
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9.7.3 IESO Internal Transmission Limits

9.7.3.1  The constraints in section 8.7.3 shall also apply in the Pre-Dispatch
Pricing algorithm, except the sensitivities and limits considered shall
be those provided by the most recent security assessment function

iteration of the Pre-Dispatch Pricing algorithm.

9.74 Intertie Limits

9.7.4.1 The constraints in section 8.7.4 shall also apply in the Pre-Dispatch

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 time-steps ¢ € TS

0 < SLdViol,; < QLdViolPrc,,

0 < SGenViol,; = QGenViolPrc,;

0 < $108Viol,; < Q10SViolPrc,;

0 < S10RViol,;= Q10RViolPrc;

0 =< $30RViol,; = Q30 RViolPrc,;

0 < SREG10RViol,,; < QREG10 RViolPrc,,

0 < SREG30RViol,,; < QREG30 RViolPrc,,

0 < SXREG10RViol,.; < QXREG10RViolPre;;
0 < SXREG30RViol,,; = QXREG30 RViolPrc,;
0 < SPrelTLViol;,; < QPrelTLViolPrey,,

0 < SITLViols..; < QITLViolPrcs..;

0 = SPreXTLViol,:; = QPreXTLViolPrc, ;

0 < SNIUViol,; < QNIUViolPrc,;

0 < SNIDViol,; < QNIDViolPrc;

0 = SMaxDelVioly,; = QMaxDelViolPrc,,

0 = SMinDelViol,, ; = QMinDelViolPrc,

0 < SSMaxDelViol,,; < QSMaxDelViolPrc,;
0 = SSMinDelViol, ;; = QSMinDelViolPre, g,

Page 92 of 151 Public

for all 7 €{1,... N qyio};

for all 7 € {1,... Ngepvios};

for all J E{l,..,ngm;r};

for all 7 €{1,..Niogprc,};

for all 7 €{1,.. N3ogprc,}

for all » € ORREG, i €{1,.,Ngggrorprc,):
for all r € ORREG, i € {1,.,Ngzezorpre)s
for all » € ORREG, i €{1,.,Nxgeciogere,):
for all r € ORREG, i €{1,.., Nygeczorerc,)s
for all f€ F, 1 €{1,.,Nprerripres )

forall c€ G FEF,, 1 €{1,.. Norrpre, . };
for all z € Zgey, 1 €{1,., Nprexripre, }s

for all 7 €{1,... Ny}

for all 7 €{1,... Nypprc,};

forall b € BFIR j € {1, Nagaxpervion i
for all b € B, 1 €{1,.. Naymperior, };

for all s € SHE, i €{1,.., Nopsaxpeivios, }; and

for all s € SHE, i €{1,.., Nspsinpetvior,
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9.8 Constraints to Ensure the Price Setting Eligibility of
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 Pre-Dispatch Scheduling algorithm in
section 8. For all time-steps ¢ € TS and all buses b € B”C:

ODG,, = ODG.}".

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 Pre-Dispatch Scheduling algorithm, the schedules
calculated by the Pre-Dispatch Scheduling algorithm shall determine
the price-setting eligibility of the resource’s energy and operating
reserve offer laminations. In each time-step, energy or operating
reserve laminations up to the total amount of energy and operating
reserve scheduled in the Pre-Dispatch Scheduling algorithm shall be
eligible to set prices. For bus b € BEER | if there exists a time-step 7 €

T8,,4 such that:
Z (oncggs.MmQDGcb + Z SDGEQﬁ)
t=2.T keKE,
+ 100RConv( Z S10SDGFYS5, + z SlONDG?Pbi:)
keKLS kekEIN

+ 3OORConv( Z S30RDG$§;§,{> = MaxDEL.,,, — EngyUsed,

30R
k€K7 p

9.8.2.1.1 then the maximum daily energy limit constraint shall be
considered binding in the Pre-Dispatch Scheduling algorithm. In
such circumstances, the following constraints must hold for bus
b € BPLR for all time-steps t€ TS,
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Z SDGepx < Z SDGEDS + ¢,
)

Z SDGypy + Z S10SDG, . + Z S1ONDG, p + z S30RDG, , x

keKE, kekE9S kekiN kekFOR
t-1

< MaxDELqoq, — EngyUsed,, — Z Z SDGFS,

=2 keKE,
where €1s a small positive constant.

9.8.2.2  If the pre-dispatch look-ahead period spans two dispatch days, then for
bus b € BFLR if there exists a time-step T € T'S,,,, such that:

z ODGFP® - MinQDGC,, + Z SDG/P3.

t=trom-T kEKEb

+ 100RConv Z S10SDGFD5 + Z S10NDG1Y5,

108 10N
kEKLY: kEKEY!

+ 300RConv z S30RDGFYS, | = MaxDEL, o,

30R
KEKR )

9.8.2.2.1 then the maximum daily energy limit constraint is considered to be
binding for the next dispatch day in Pre-Dispatch Scheduling
algorithm. In such circumstances, the following constraints must
hold for bus b € B for all time-steps t € TS,

z SDGepx < z SDGEPS + ¢,
-E

Z SDGyp . + z S10SDGy . + Z S10NDGy . + z S30RDG,

keKE, keKEDS kek N kekOR
t—1

< MaxDELqgp p — z z SDGFS.

T=tom kexfb

where €is a small positive constant.
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9.8.3
9.8.3.1

9.8.3.2

Dispatchable Hydroelectric Generation Resources

If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the Pre-
Dispatch Scheduling algorithm, such resource shall also be scheduled
at or above its minimum hourly output in the Pre-Dispatch 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 Pre-Dispatch Scheduling
algorithm, the resource shall also receive a zero schedule in the Pre-
Dispatch Pricing algorithm and shall be ineligible to set prices in the
energy market. For all time-steps ¢ € TS and dispatchable
hydroelectric generation resource buses b € B™E:
ODGFP® - MinQDGC,, + Z SDG;, = MinHO,, - OHO[}®

E
kekE,

and for all & Ebe:
0 <SDG,;; <OHO;*-QDG, , .

For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by the
Pre-Dispatch Scheduling algorithm. The resource’s schedule shall be
between the same start indication values as determined in the Pre-
Dispatch Scheduling algorithm. For all dispatchable hydroelectric

generation resource buses b € B"F and all time-steps ¢ € TS:
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If 0 < ODG/" - MinQDGCp, + ¥ycis, SDGEpy < StartMWy,,,
then
0 < ODGFP® - MinQDGC, + Z SDG,,x < StartMW,; — 0.1
keKE,
If StartMWj,; < ODG.* -MinQDGC), + Y, kex®, SD GEPy < StartMW, ., for
1 €{1,.,(NStartMW,,-1)},
then
StartMW,,; < ODGFP® - MinQDGC, + Z SDG¢ p &

kEKE,
= StartMW,;+, — 0.1

IfODGES - MinQDGCy, + Y, KE, SDGRy = StartMWy, ystaremw,»

then

ODGPPS - MinQDGC, + Z SDGrpx = StartMWy nsearmuw,,-

keKE,

9.8.3.3  For a dispatchable hydroelectric generation resource with a minimum
daily energy limit that was binding in the Pre-Dispatch Scheduling
algorithm, the offer laminations corresponding to the energy schedules
calculated in the Pre-Dispatch Scheduling algorithm shall be ineligible
to set prices. For all dispatchable hydroelectric generation resource
buses b € B"E such that MinDEL,,;, > 0 and

Z ODGFPS - MinQDGC,, + Z SDGPPY | < MinDEL,oq, — EngyUsed,,

tETStod KEKE,

9.8.3.3.1 the following constraints must hold for all time-steps t€ 735;,,; and
offer laminations kK € Kf b

SDGyy i = SDGLp5.

9.8.3.3.2  If'the pre-dispatch look-ahead period spans two dispatch days, for
all dispatchable hydroelectric generation resource buses b € B¢
such that MinDEL,,, , >0 and

ODGES - MinQDGC, + ) SDGLPS. | < MinDELpop,s,
tETStom kEKtBI-b
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9.8.3.3.3 the following constraints must hold for all time-steps ¢ € 7;,,, and
offer laminations kK € Kf b

SDGp i = SDGfgi

9.8.3.4 For a dispatchable hydroelectric generation resource with a shared
minimum daily energy limit that was binding in the Pre-Dispatch
Scheduling algorithm, the offer laminations corresponding to the
energy schedules calculated for all resources in the set s € SHE in the
Pre-Dispatch Scheduling algorithm shall be ineligible to set prices.
Thus, for each set s€ SHE:

Z Z ODGEPS - MinQDGC, + Z SDGEPs
t€TStoq \b €BHE KEKE,

= MinSDEL;,; s — EngyUsedSHE,

9.8.3.4.1 the following constraints must hold for all time-steps ¢t € 7;,; € :

ODG,, - MinQDGC,, + Z SDG, p x

b eBFE KEKE,

> Z ODGFPS - MinQDGC,, + Z SDGPy |-

b €BHE keKE,

9.8.3.4.2  If the pre-dispatch look-ahead period spans two dispatch days, then
for each set s€ SHE:

z Z ODG{PS - MinQDGC,, + z SDG/PE | | = MinSDELgp s

tE€TStom \b EB?E kEKEb

9.8.3.43 the following constraints must hold for all time-steps £ € 7S,

Z ODthb . M”I.QDGCB + Z SDGt.b.R
b eBE keKE,

> Z ODGFPS - MinQDGC, + Z SDGEES
b eBEE keKp)
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9.8.3.5 For a dispatchable hydroelectric generation resource with a binding
maximum daily energy limit in the Pre-Dispatch Scheduling algorithm,
the schedules calculated in the Pre-Dispatch 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 a shared
maximum daily energy limit that was binding in the Pre-Dispatch
Scheduling algorithm, in each hour, the offer laminations up to the
sum of energy and operating reserve schedules calculated in Pre-
Dispatch Scheduling algorithm for all resources in each set s € SHE
will be eligible to set prices. For each set s € SHE, if there exists 7€
TS;pq such that:

ODG[]® - MinQDGC,, + Z SDGEPS
t=2.T \ beBHE kek?E,

+ Z 100RConv Z S10SDGFDS, + Z S10NDGFS,

beBHE kEKESS kEKEGY

+ 300RConv Z S30RDGERS, | | = MaxSDEL,,4 s — EngyUsedSHE,.

20K
KEKT

9.8.3.6.1 then the maximum daily energy limit constraint is considered to be
binding for the current dispatch day in the Pre-Dispatch
Scheduling algorithm. In such circumstances, the following
constraints shall apply for all time-steps t € 7S;,4:

z z SDG.py < z z SDGD; + €,

beBEE kekE, beBEE kekE,
Z Z SDGyyx + Z S10SDGyy 5 + Z S10NDG, 5 + Z S30RDG,
beBHE \kekf, keki9S keKION kex R
t—1

< MaxSDEL;,4s — EngyUsedSHE; — Z Z Z SDG,}D’EF';’;.

beBHE T=2 gekE,
where €is a small positive constant.

9.8.3.6.2  If the pre-dispatch look-ahead period spans two dispatch days, if
there exists a time-step 7€ 75,,,, such that:
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Z Z ODGEP® - MinQDGC), + Z SDGFP%

t=tiom-T \bEBHE kEKEb

+ Z 100RConv z S10SDGTY% + Z S10NDGZRS,

beBHE kEKZESS keKFON

+ 300RConv Z S30RDGFYS, | | = MaxSDELyp, )

30R
k€K7,

9.8.3.6.3  then the maximum daily energy limit constraint is considered to be
binding for the next dispatch day in the Pre-Dispatch Scheduling
algorithm. In such circumstances, the following constraints shall
apply for all time-steps t€ 7S;,,,:

Z z SDGypy < Z z SDG{Dy + €,

beBHE kekE, beBHE kekE,

Z Z SDGypx + Z S10SDG . + Z S10NDGy . + Z S30RDG, p x

beBEE \kekF), kek S kekipN kekipR

t-1
< MaxSDELtoms — Z z Z SDGTFE?;"

pepllE 1=tom pekf,

where € is a small positive constant.

9.8.3.7 For a dispatchable hydroelectric generation resource for which a
MWh ratio was respected in the Pre-Dispatch Scheduling algorithm,
such resource shall be scheduled between its Pre-Dispatch Scheduling
algorithm schedule plus or minus a tolerance A specified by the /ESO.
The resource schedule shall 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 linked downstream dispatchable
hydroelectric generation resources b, such that (by,b,) € LNKC where
b, € BquE and b, € BE and all time-steps t€ TS:

ODG{P® - MinQDGC,, + Z SDG{P® — A < ODG[)S - MinQDGCy,, + Z SDGyp, &
KEKEp, kEKEy,
< ODG[}® - MinQDGC,, + Z SDG{P% + A.

KEKE),
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9.8.3.7.1  For all linked dispatchable hydroelectric generation resources by
such that (by,b,) € LNKC where b; € Bfg and b, € BE and all
time-steps ¢t € TS such that £+ LagCy, ,, < nyap:

ODG{pS - MinQDGC,, + z SDGER%. — A < ODGEPS - MinQDGC,, + Z SDG,p &

KEKE), K€Ky,

< 0DG/P® - MinQDGC,, + Z SDGEPS, + A.

9.9 Outputs

9.9.1 Outputs for the Pre-Dispatch 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 narrow constrained areas and dynamic constrained areas and the
information published therein in accordance with section 22 of Chapter
7 shall be inputs for 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
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10.2.2.1

10.2.2.2

10.2.2.3

10224

10.2.2.5

10.2.2.6

10.2.2.7

10.2.2.8

10.2.2.9

10.2.2.10

10.2.2.11

10.2.2.12

following prices produced by the Pre-Dispatch Pricing algorithm shall
be used by the Constrained Area Conditions Test:

LMF, PP which designates the locational marginal price for bus b € B
in time-step t € TS;

PCon t,bDP , which designates the congestion component of the
locational marginal price for bus b € Bin time-step t € TS,

ExtLMF, PP which designates the locational marginal price for
intertie bus d € Din time-step t € 75,

PExtCon [,gp , which designates the intertie congestion component of

the locational marginal price for intertie bus d € D in time-step
tETS

PintCon tlf,”’ , which designates the internal congestion component of

the locational marginal price for intertie bus d € D in time-step
teTs.

IntLMF, PP which designates the intertie border price for intertie bus
d € Din time-step t € TS

SPNorm YffD ? which designates the shadow price for the pre-

contingency transmission constraint for facility f € Fin time-step
teTs,

SPEmT; 27, which designates the shadow price for the post-
contingency transmission constraint for facility f € Fin contingency
c € Cin time-step t € TS,

SPNIUExtBwdT!PF, which designates the shadow price for the net
interchange schedule limit constraint limiting increases in net imports
between time-step (£-1) and time-step ;

L30RF, PP which designates the locational marginal price for thirty-
minute operating reserve at bus b € Bin time-step t € TS;

L10NF, PP which designates the locational marginal price for non-

synchronized fen-minute operating reserve at bus b € Bin time-step
te TS, and

L10SF, PP which designates the locational marginal price for

synchronized fen-minute operating reserve at bus b € Bin time-step
teTs
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10.3 Variables

10.3.1

10.3.1.1

10.3.1.2

10.3.1.3

10.3.1.4

10.3.1.5

10.3.1.6

10.3.1.7

10.3.1.8

10.3.1.9

10.3.1.10
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The pre-dispatch calculation engine shall use the constrained area
conditions tests in sections 10.4 and 10.5 to identify the resources that
are part of the following data sets:

BCondY“4, which designates the resources in a narrow constrained
area that must be checked for local market power for energy in time-
step t€ TS,

BCond?“4, which designates the resources in a dynamic constrained
area that must be checked for local market power for energy in time-
step t€ TS

BCond?“4, which designates the resources in a broad constrained area
to be checked for local market power for energy in time-step ¢ € 7'S;

BCond™? which designates the resources to be checked for global
market power for energy in time-step ¢t € 7.

BCond!%S, which designates that resources to be checked for local
market power for synchronized ten-minute operating reserve in time-
step t€ TS,

BCond:°", which designates that resources to be checked for local
market power for non-synchronized ten-minute operating reserve in
time-step £ € 7S.

BCond3®%, which designates that resources to be checked for local
market power for thirty-minute operating reserve in time-step t € T;

BCond“MP105 which designates that resources to be checked for
global market power for synchronized ten-minute operating reserve in
time-step £ € 7S.

BCond¢™ON which designates that resources to be checked for
global market power for non-synchronized ten-minute operating
reserve in time-step ¢ € 75, and

BCond“™P30R which designates that resources to be checked for global
market power for thirty-minute operating reserve in time-step t € 75.
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10.4 Constrained Area Conditions Test for Local Market Power
(Energy)

10.4.1 Constrained Area Conditions Test for narrow constrained areas and
dynamic constrained area

10.4.1.1 If at least one transmission constraint for a narrow constrained area or
dynamic constrained area is binding in the Pre-Dispatch Pricing
algorithm, then all resources identified within the narrow constrained
area or dynamic constrained area shall undergo the applicable
Conduct Test in section 11 and:

10.4.1.1.1 For each n € NCA and time-step ¢t € TS: For each transmission
facility that transmits flow into n, f€ FY¢4, if SPNorm Tg}DP #0 or
SPEmT;2} #0 for the inbound flow limit, the pre-dispatch
calculation engine will place n in the set NCA, and assign the
resources in nto the set BCond"“4; and

10.4.1.1.2 For each d € DCA and time-step ¢ € T'S: For each transmission
facility that transmits flow into d, f€ FgCA, if SPNorm Tg}DP #0 or
SPEmT}2} #0 for the inbound flow limit, the pre-dispatch
calculation engine will place din the set DCA,’ and assign the
resources in nto the set BC'ona'f«7 ¢,

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/, which designates the narrow constrained areas that qualify
for market power mitigation for energy in time-step ¢ € 7S, and

10.4.1.2.2 DCA/, which designates the dynamic constrained areas that
qualify for market power mitigation for energy in time-step ¢ € 7S.

10.4.2 Constrained Area Conditions Test for the Broad Constrained Area

10.4.2.1 If the congestion component of the locational marginal price of 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 using
the broad constrained area thresholds. For each time-step ¢ € 75 and
bus b € B¢ such that b & BCondY“4 U BCondP“, if
PCon t’gP > BCACondThresh, the pre-dispatch calculation engine

will then place resource b in the set BCond?“4.
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10.5 Constrained Area Conditions Test for Global Market
Power (Energy)

10.5.1 The pre-dispatch calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to
section 10.5.2, if:

10.5.1.1  the intertie border prices at the global market power reference intertie
zones are greater than the /BPThresh threshold value, indicated in
time-step £ € 7S by:

10.5.1.1.1  IntLMP'?” > IBPThresh for bids and offers, d € D“MPRef

corresponding to the boundary entity resource bus for the global
market power reference intertie zones; and

10.5.1.2  at least one of the following conditions is met:

10.5.1.2.1 1import congestion, represented by a negative infertie congestion
component, is present on all of the global market power reference
intertie zones, indicated in time-steps t= {2,3} by:

10.5.1.2.1.1  PExtCong,y” <0 for bids and offers, d € D“MPRel

corresponding to the boundary entity resource bus for the
global market power reference intertie zone; or

10.5.1.2.1.2 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 time-steps ¢ = {2,3} by:

SPNIUExtBwdT, "+ 0

10.5.2  If'the conditions in sections 10.5.1 are met, then the pre-dispatch
calculation engine shall test resources that can meet incremental load
within Ontario for global market power, for each time-step ¢ € 7, place

all b € BPY in the set BCond®™”, unless they are excluded because of
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 PCong{p’ <PIntCongyq’ — $1/MWh where d € DEMPRef
is true for all global market power reference intertie zones;
or

10.5.2.2  the resources can not meet the incremental load because a binding

transmission constraint: Eoreach time-step-£t- € 7S-place-all h- €82S
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10.5.2.2.1 if resources cannot meet incremental load because of any
binding transmission facility where-for-each-transmission

facility-that-transmits-flows-cheeki£ SPNorm T, ¥ # 0 or

SPEm ﬁ%’;’ #0.-or

10.6 Constrained Area Conditions Test for Local Market Power
(Operating Reserve)

10.6.1 Subject to section 10.6.2, 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 if bis in a region with a non-zero minimum requirement, then b is
subject to the Conduct Test and is placed in the set
BCond'*S, BCond:°" or BCond°R

10.6.2 A resource shall not qualify for local market power mitigation testing
for operating reserve if the resource is located in a region with a
binding maximum constraint and for each resource b € B”¢ U BP" and
time-step £ € 7S

10.6.2.1 if b is in a region with a binding maximum restriction constraint, then
b is exempt from the Conduct Test.

10.7 Constrained Area Conditions Test for Global Market
Power (Operating Reserve)

10.7.1 A resource shall be subject to global market power mitigation testing for
operating reserve if its offers for a class of operating reserve where the
locational marginal price for that class of operating reserve is greater
than ORGCondThresh.

10.7.2  Subject to section 10.7.3, if the condition in section 10.7.1 has been met
for a class of operating reserve, then all resources with offers for classes
of operating reserve that can satisfy the requirements of that class of
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operating reserve shall be tested and for each b € B”¢ U BP" and time-
step t € TS:

10.7.2.1 if L10SF, PP > ORGCondThresh, the pre-dispatch calculation engine

shall add resource b to BCondfMPlOS ;

10722 if LlONPtﬁ]D ¥ > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond¢™10N: and

10.7.2.3 if LSOR@ZDP > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond?™30

10.7.3  Ifaresource 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:

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

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 reference level values for those resources.

11.2 Information, Sets, Indices and Parameters

11.2.1 Information, sets, indices and parameters for the Conduct Test are
described in sections 3 and 4. In addition, the list of resources produced
pursuant to section 10.8.1 shall be used by the Conduct Test.

11.3 Variables

11.3.1 The pre-dispatch calculation engine shall apply the Conduct Test set out
in sections 11.4 and 11.5 to the resources identified by the Constrained

Page 106 of 151 Public IMO_FORM_1087v13.00
REV-21-06



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 BCTM designates the resources in a narrow constrained area that
failed the Conduct Test for at least one financial dispatch data
parameter in time-step t€ T.S;

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 time-step t€ 75

11.3.1.1.3 BCTP“ designates the resources in a broad constrained area that
failed the Conduct Test for at least one financial dispatch data
parameter in time-step t€ T.S;

11.3.1.1.4 BCTMP designates the resources that failed the global market
power for energy Conduct Test for at least one financial dispatch
data parameter in time-step t€ TS,

11.3.1.1.5 BCTPR designates the resources that failed the local market power
for operating reserve Conduct Test for at least one dispatch data
parameter in time-step € 75, and

11.3.1.1.6  BCTPRC designates the resources that failed the global market
power Conduct Test for operating reserve for at least one financial
dispatch data parameter in time-step t€ T8.

11.3.1.2  The following financial dispatch data parameters for all time-steps
teTs

11.3.1.2.1 PARAME, , which designates the set of dispatch data parameters
that failed the energy Conduct Test at bus b € {BCT¥4 U
BCTP“ u BCTP“ U BCTEMP) in time-step ¢, and may include the
following financial dispatch data parameters:

11.3.1.2.1.1 EnergyOffer;, which designates a non-zero quantity of energy
above the minimum loading point in association with offer
lamination kK € Kf » 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  EnergyToMLE,, which designates the non-zero quantity of
energy up to the minimum loading point in association with
offer lamination k € KQZMLP failed the Conduct Test;

Page 107 of 151 Public IMO_FORM_1087v13.00
REV-21-06



11.3.1.2.2.2  SUOffer, which designates the start-up offer failed the Conduct
Test; and

11.3.1.2.2.3  SNLOfter, which designates the speed no-load offer failed the
Conduct Test.

11.3.1.2.3 PARAMOR,, designates the set of financial dispatch data
parameter that failed the operating reserve Conduct Test for bus
b€ {BCTPRL U BCTPRC} in time-step t, and may include the
following financial dispatch data parameter:

11.3.1.2.3.1 OR10.S0fter;, which designates the non-zero quantity of
synchronized fen-minute operating reserve in association with

offer lamination K € K%/(},S failed the Conduct Test;

11.3.1.2.3.2  OR10NOfter;, which designates the non-zero quantity of non-
synchronized fen-minute operating reserve in associciation
with offer lamination & € K}’?,N failed the Conduct Test; and

11.3.1.2.3.3 OR30 ROffer;, which designates the non-zero quantity of
thirty-minute operating reserve in association with offer
lamination k€ K39 failed the Conduct Test;

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, which designates the start-up offer failed the Conduct
Test;

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

11.3.1.2.43  EnergyToMLP, which designates the non-zero quantity of up
to the minimum loading point in association with offer
lamination kK € Kf » failed the Conduct Test.

11.4 Conduct Test for Energy

11.4.1 The pre-dispatch 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
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11.4.1.1

11.4.1.2

11.4.1.3

114.1.4

11.4.2
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11.4.3. For each time-step ¢ € TSand b € BCondY®4, the pre-dispatch
calculation engine shall:

Evaluate energy offers above minimum loading point: For all k €

K%y, if PDG, ., >CTEnMinOffer and

PDG, ;> min (PDGRef, - *(1 + CTEnThresh1VY), PDGRef, ;, ;- +
CTEnThresh2" CA) , Where k'€ K, 5,, then the Conduct Test was failed
by the resource at bus b and the pre-dispatch calculation engine shall

assign the resource to subset BCTY“4 and add EnergyOffer to
PARAME,;

Evaluate offers for energy for the range of production up to minimum
loading point: For all time-steps prior to and including the last time-
step where conditions are met for the Constrained Area Conditions
Test, for all k € K2JM2, if PLTMLP,}, > CTEnMinOffer and
PLTMLP,}, > min (PLTMLPRef, ;- *(1 + CTEnThresh1V¢4),
PLTMLPRef,,;»+ CTEnThresh2"V“4, where k' € K}, then the
Conduct Test was failed by the resource at bus b and the pre-dispatch

calculation engine shall assign the resource to subset BCTY*4 and add
EnergyToMLF, to PARAME} ), and PARAMOR, ;

Evaluate start-up offers: For all time-steps prior to and including the
last time-step t where conditions are met for the Constrained Area
Conditions Test in section 10, if SUDG, ,> SUDGRef, ,*(1 +
CTSUThresh"V?), then the Conduct Test was failed by the resource at
bus b and the pre-dispatch calculation engine shall assign the resource
to subset BCTV4 and add SUOfferto PARAME} ;, and PARAMOR, ,;
and

Evaluate speed no-load offers: For all time-steps prior to and including
the last time-step where conditions are met for the Constrained Area
Conditions Test, if SNL,,> SNLRef;,*(1 + CTSNLThresh"?), then
the Conduct Test was failed by the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to subset BC
and add SNLOfferto PARAME,, and PARAMOR,,.

WCA
I;

For resources identified pursuant to section 10.8.1 in a dynamic
constrained area or broad constrained area, the pre-dispatch calculation
engine shall use the steps in section 11.4.1, using resources in
BCond?“4 or BCond?“4, as the case may be, in place of BCondY“! and
using the applicable Conduct Test thresholds C7EnThresh1P¢4,
CTEnThresh2P“Y, CTEnThresh15“4, CTEnThresh25¢,
CTSUThreshP4, CTSUThresh®4, CTSNL Thresh”,
CTSNLThresh®‘4_1f any of the financial dispatch data parameters of a
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resource fail the Conduct Test, the resource shall be assigned to subset
BCTPY or BCTP“, as the case may be.

11.4.3  For resources identified pursuant to section 10.8.1 that were selected for
global market power mitigation testing for energy, the pre-dispatch
calculation engine shall use the steps in section 11.4.1, using resources
in BCond™? in place of BCondY“" and the applicable global market
power Conduct Test thresholds CTEnThresh1“MF CTEnThresh2 M,
CTSUThresh®™F CTSNLThresh®™F 1f any of the applicable financial
dispatch data parameters of a resource fails the Conduct Test, the
resource shall be assigned to subset BCTZMF.

11.4.4 If a resource is assigned to more than one of the sets, BCondY4,
BCond?“4, BCond?“4, and BCond“™”, 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 pre-dispatch 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 time-step ¢ € TSand b € BCond:** U BCond®" U BCondi°%, the
pre-dispatch calculation engine shall:

11.5.1.1 Evaluate offers for operating reserve as follows:

11.5.1.1.1 for all k € K;3° such that P10SDG,,,;,>CTORMinOffer and
P10SDG,,, > min (PLOSDGRef,},;-*(1 + CTORThresh19kL),
P10SDGRef;, + CTORThresh29RL), where k'€ K}9%, then the

Conduct Test was failed for the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to subset
BCTPRE and add OR10SOffer; to PARAMOR,

11.5.1.1.2 forall k& EI(}’?,N such that PLONDG, , ,> CTORMinOffer and
PLONDG, > min (PLONDGRef, ;- *(1 + CTORThresh1°fb),
PLONDGRef, ;- + CTORThresh2%RY), where k' € K, 9", then the

Conduct Test was failed for the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to subset
BCTPRL and add OR10 NOffer; to PARAMOR,;
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11.5.1.1.3  for all k € K39} such that PZO0RDG,;,;,>CTORMinOfferand

P30RDG,,,; > min (P30RDGRef, - *(1 + CTORThresih19f%),
P30RDGRef, -+ CTORThresh29Rh), where k' € Kj3¥, then the

Conduct Test was failed for the resource at bus b and the pre-
dispatch calculation engine shall assign the resource to subset
BCTPRL and add OR30ROffer) to PARAMOR,

11.5.1.14 forall j € /;3° if PLOSDL,,; > CTORMinOffer and

P10SDL, ;> min (PLOSDLRef,, »*(14+ CTORThresh1°f%),
P10SDLRef;, -+ CTORThresh2 R, where ' € /1%, 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 BCTPRL and add OR10SOffer;, to PARAMOR, 1,;

11.5.1.1.5 forall j € /;3" if PLONDL,,,; > CTORMinOffer and

PLONDG,,; > min (PLONDLRef,, ;*(1+ CTOR Thresh1°fL),
PLONDLRef,, ;+ CTORThresh2°%%), where j' € J 2V, then the

Conduct Test was failed for the dispatchable load at bus b and the
day-ahead market calculation engine shall assign the resource to
subset BCTPRE and add OR10 NOffery to PARAMOR,;; and

11.5.1.1.6 forall j € )% if PRORDL,;,; > CTORMinOffer and

11.51.2

11.5.1.3

P30RDLy;,; > min (P30RDLRef; ), *(1+ CTORThreshl ORLY,
P30RDLRef;, ;+ CTORThresh2%%, where j' € J3)%, 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 BCTPRL and add OR30 ROffer;, to PARAMOR,,;

Evaluate start-up offers: For all time-steps prior to and including the
last time-step where conditions are met for the Constrainted Area
Conditions Test, if SUDG,,> SUDGRef,, (1 + CTSUThresh°Rl), then
the Conduct Test failed for the resource at bus b and the pre-dispatch
calculation engine shall assign the resource to subset BCTPR! and add
SUOfferto PARAMOR,;, and PARAME,j;

Evaluate speed no-load offers: For all time-steps prior to and including
the last time-step where conditions are met for the Constrainted Area
Conditions Test, if SNL,,> SNLRef;, (1 + CTSNLThresh®f"), then
the Conduct Test was failed for the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to subset BCTPR
and add SNLOfferto PARAMOR,, and PARAME, ;; and
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11.5.1.4  Evaluate offers for energy for the range of production up to the
minimum loading point: For all time-steps prior to and including the
last time-step where conditions are met for the Constrainted Area
Conditions Test, for all k€ K:;"“*, if PLTMLP,),;>CTEnMinOffer
and PLTMLP,}, ;> min (PLTMLPRef,;,;,» (1 + CTEnThresh1 %R,
PLTMLPRef, ;- + CTEnThresh2%f"), where k' € K/, then the
Conduct Test was failed for the resource at bus b and the pre-dispatch

calculation engine shall assign the resource to subset BCTPR! and add
EnergyToMLP, to PARAMOR,, and PARAME, .

11.5.2 The pre-dispatch 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 pre-dispatch calculation engine shall use the
steps set out in section 11.5.1 using resources in BCondsMP19%5, BCond¢MP1ON,
and BCond?™P3OR in place of BCond:®*, BCond:°", and BCond3°R,
respectively, and the applicable Conduct Test thresholds (CTORThresh1 ¢,
CTORThresh2%, CTSUThresh®¢, CTSNLThresh®R¢, CTEnThresh1 k¢,
CTEnThresh2R%). The resources shall be assigned to the subset BCTORE .

11.5.3  Ifa resource is assigned to more than one of BCond?™™%5 BCond“™"°N, and
BCond¢MP3R  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 time-step t€ 7§

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 replaced with
reference level values for resources that:

11.6.1.3.1 has one or more financial dispatch data parameters that failed a
Conduct Test for the current pre-dispatch calculation engine run;
and

11.6.1.3.2 has one or more financial dispatch data parameters that failed both
the Conduct Test and failed the Price Impact Test in previous pre-
dispatch calculation engine runs.

11.6.1.4  For offers for energy and operating reserve with multiple laminations:
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11.6.1.4.1 if the offer lamination for energy that corresponds to the minimum
loading point fails the Conduct Test, the pre-dispatch calculation
engine shall replace all offer laminations for energy up to the
minimum loading point,

11.6.1.4.2 if one or more offer laminations for energy above the minimum
loading point fails the Conduct Test, the pre-dispatch calculation
engine shall replace all offer laminations for energy up to and
above the minimum loading point; and

11.6.1.4.3 if one or more offer laminations for operating reserve fails the
Conduct Test, the pre-dispatch calculation engine shall replace all
offer laminations for operating reserve.

11.6.1.5 For a non-quick start resource whose start-up offer failed the Conduct
Test, identified in section 11.6.1.1, the pre-dispatch calculation engine
shall use the start-up offer reference level value to evaluate any
advancements pursuant to section 5.7.

11.6.2  The pre-dispatch 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

121 Purpose

12.1.1  The pre-dispatch 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 for resources subject to
14.7.1.3 and 12.2.2, to meet the /ESO’s province-wide non-dispatchable
demand forecast and IESO-specified operating reserve requirements for
each hour of the pre-dispatch look-ahead period.

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 section 4. In
addition, the list of resources that failed the Conduct Test from
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12.2.2

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 pre-dispatch 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.

12.4 Constraints

12.4.1

12.5 Outputs

12.5.1

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.

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

13 Reference Level Pricing

13.1  Purpose

13.1.1

13.1.2
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The pre-dispatch calculation engine shall perform the Reference Level
Pricing algorithm whenever the Reference Level Scheduling algorithm
has been performed.

The Reference Level Pricing algorithm shall perform a security-
constrained economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants, reference
level value for resources subject to 14.7.1.3 and 13.2.2, and resource
schedules and commitments produced by the Reference Level
Scheduling algorithm, to meet the /ESO’s province-wide non-
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dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the pre-dispatch look-ahead period.

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 SDGfﬁi, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC), at bus
b € BFLR u B in time-step t € TS in association with lamination

kEKf;

13.2.1.2 ODG{%S, which designates whether a dispatchable generation resource

at bus b € B”“ was scheduled at or above its minimum loading point in
time-step t € T,

13.2.1.3  S105DG} ;fi, which 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 time-step ¢ € TS in association

with lamination &k € 525;

13.2.1.4 S‘IONDGf,fj;, which designates the amount of non-synchronized fen-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B#¥ U BHF in time-step t € TS in

association with lamination & € K197,

13.2.1.5 530RDG§§5(, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at
bus b € BFLR U BHE in time-step t € TSin association with lamination & €

t,g"’; and

13.2.1.6  OHO; L5 which designates whether the dispatchable hydroelectric

generation resource at but b € BF has been scheduled at or above
MinHO, in time-step ¢ € TS.

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 in Section
11.

13.3 Variables and Objective Function

Page 115 of 151 Public IMO_FORM_1087v13.00
REV-21-06



13.3.1 The pre-dispatch 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 Pre-Dispatch
Scheduling algorithm shall be replaced with the outputs from the
Reference Level Scheduling algorithm as follows:

13.4.1.3.1  SDG}; shall be replaced by SDGL5 for all t € TS, b € BELR U BE, k € K% ;
13.4.1.3.2  ODGL7 shall be replaced by ODGR* for all ¢ € TS, b € B,
13.4.1.3.3  IDGL7® shall be replaced by IDGYS for all t € TS, b € BPS;

13.4.1.3.4 .S'lOSDGPDS shall be replaced by S‘IOSDGRLS forall te TS b e
BFR U BE, k €K’

13.4.1.3.5 S10NDG,7 shall be replaced by SLONDGYS, for all £ € TS, b € BELR U
BHE [(EKlON

13.1.4.3.6 530RDGPDS shall be replaced by 530RDGRLS forall te 7S, be
BELRUBHE ke tb R and

13.4.1.3.7 0H0§55 shall be replaced by OHO%S for all t€ TS, b € BE.

13.5 Outputs

13.5.1 Outputs of the Reference Level Pricing algorithm include the following:
13.5.1.1 shadow prices; and
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13.5.1.2

locational marginal prices and their components.

14 Price Impact Test

141 Purpose

14.1.1

14.1.2

14.1.2.1

14.1.2.2

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

The Price Impact Test shall:

compare the locational marginal prices for energy or operating
reserve produced by the Pre-Dispatch 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 4.3.9.

14.2 Information, Sets, Indices and Parameters

14.2.1
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14.2.1.1

14.2.1.2

14.2.1.3

14.2.1.4

14.2.1.5

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 Pre-Dispatch Pricing algorithm and the
Reference Level Pricing algorithm shall be used:

LMF, PP which designates the locational marginal price for energy at
bus b € Bin time-step £ € 75 from the Pre-Dispatch Pricing algorithm;

L30RF, PP which designates the locational marginal price for thirty-
minute operating reserve at bus b € Bin time-step t€ 75 from the
Pre-Dispatch Pricing algorithm;

L10NF, PP which designates the locational marginal price for non-

synchronized fen-minute operating reserve at bus b € Bin time-step
t€ TS from the Pre-Dispatch Pricing algorithm;

L10SF, PP which designates the locational marginal price for

synchronized fen-minute operating reserve atbus b € Bin time-step
t € TS from the Pre-Dispatch Pricing algorithm;

LMF, “LP which designates the locational marginal price for energy at

bus b € Bin time-step £ € 7.5 from the Reference Level Pricing
algorithm;
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142.1.6  L30RE, “LP which designates the locational marginal price for thirty-

minute operating reserve at bus b € Bin time-step £ € 75 from the
Reference Level Pricing algorithm;

142.1.7 L10NF, ‘LP which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € B in time-step
t€ TS from the Reference Level Pricing algorithm; and

142.1.8 L10SH ‘LP which designates the locational marginal price for
synchronized fen-minute operating reserve at bus b € Bin time-step
t€ TS from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1 The pre-dispatch calculation engine shall apply the Price Impact Test as
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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 time-steps ¢ € TS, where:

14.3.1.1.1 BITY“ designates the resources in a narrow constrained area that
failed the Price Impact Test for the locational marginal price for
energy;

14.3.1.12 BITP“ designates the resources in a dynamic constrained area
that failed the Price Impact Test for energy locational marginal
price;

14.3.1.1.3 BITP“4 designates the resources in a broad constrained area that
failed Price Impact Test for energy locational marginal price;

14.3.1.1.4 BITEMP designates the resources that failed the Global Market
Power (energy) Price Impact Test for energy locational marginal
price;

14.3.1.1.5 BITPR! designates the resources that failed the Local Market
Power (operating reserve) Price Impact Test for at least one type
of operating reserve locational marginal price;

14.3.1.1.6  BITPRC designates the resources that failed the Global Market
Power (operating reserve) Price Impact Test for at least one type
of operating reserve locational marginal price; and

143.1.1.7 LMPIT,;, designates the locational marginal price that failed the
Price Impact Test for bus b € BITY4 U BITP“ U BITF“4 u
BITEMP y BITPRL U BITPRC in time-step ¢ € TS and
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14.3.1.2  Locational marginal prices for energy and operating reserve for each
resource at bus b € BP% 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 synchronized ten-minute operating
reserve locational marginal price failed the Price Impact Test;

14.3.1.2.3 OR10NLMP designates that the non-synchronized ten-minute
operating reserve locational marginal price failed the Price Impact
Test; and

14.3.1.2.4 OR30RLMP designates that the thirty-minute operating reserve
locational marginal price failed the Price Impact Test.

14.4 Price Impact Test for Energy

14.4.1 The pre-dispatch 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 time-step ¢ € TSand b € BCT)*, if
LMPEPP > min(LMPRF* (1 + ITThresh1V¢), LMPRY +
ITThresh2™Vt), the Price Impact Test was failed by the resource at

bus b and the pre-dispatch calculation engine shall assign the resource
to subset BIT} and add EnergyLMPto LMPIT,;

14.4.1.1.2 For each time-step ¢ € TSand b € BCTP“, if
LMPLPP > Min(LMPR*(1 + ITThresh1°“Y), LMP)" +
ITThresh2P“"), the Price Impact Test was failed by the resource at

bus b and the pre-dispatch calculation engine shall assign the resource
to subset B/TP“4 and add EnergyLMPto LMPIT, ;; and

14.4.1.1.3 For each time-step ¢ € TSand b € BCTP“, if
LMPLPP > Min(LMPR*(1 + ITThresh1%“Y), LMPR” +
ITThresh2%¢4), the Price Impact Test was failed by the resource
at bus b and the pre-dispatch calculation engine shall assign the
resource to subset BIT?“4 and add EnergyLMPto LMPIT,;; and

14.4.1.2  For global market power for energy:
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14.4.1.2.1

For each time-step ¢ € TSand b € BCTM, it
LMPEPP > Min(LMPEEP* (1 + ITThresh1“MPy, LMPRL? +
ITThresh2“™?), the Price Impact Test was failed by the resource

at bus b and the pre-dispatch calculation engine shall assign the
resource to subset BITEMF and add EnergyLMPto LMPIT,,.

14.5 Price Impact Test for Operating Reserve

14.5.1
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The pre-dispatch 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 time-step

t € TSand b € BCTPR::
145.1.1.1 If L3ORHZDP > L30RF, ‘LP then the Price Impact Test was failed by

14.5.1.1.2

14.5.1.1.3

the resource at bus b and the pre-dispatch calculation engine shall
assign the resource to subset BIT?®L and add OR30 RLMPto
LMPIT, ;

If L10NEZDP > L10NE, ‘LP then the Price Impact Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall
assign the resource to subset BIT?R: and add OR10 NLMPto
LMPIT, ,; and

If L10SP7> L10SPR, then the Price Impact Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall
assign the resource to subset BIT?RL and add OR10SLMPto
LMPIT, ,; and

14.5.1.2  For global market power for operating reserve, for each time-step
t € TSand b € BCTPRC:

14.5.1.2.1

14.5.1.2.2

If L30RE PP > min(L30RES " (1 + ITThresh19R¢), I30RPS” +

ITThresh29RC), then the Price Impact Test was failed by resource
at bus b and the pre-dispatch calculation engine shall assign the
resource to subset BIT?R¢ and add OR3B0RLMPto LMPIT,;

If LIONPY? > min(LIONPS Y * (1 + ITThresh19RC),
L10NF, “LP 4+ ITThresh2R%), then the Price Impact Test was failed
by the resource at bus b and the pre-dispatch calculation engine

shall assign the resource to subset BITPR® and add OR10 NLMP
to LMPIT,,; and
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14.5.1.2.3 If L10SEPP> min(L10SPY Y * (1 + ITThresh19R6), L10SPRY +

ITThresh29R), then the Price Impact Test was failed by the
resource at bus b and the pre-dispatch calculation engine shall
assign resource to subset BITR¢ and add OR10SLMPto LMPIT,,

14.6 Revised Financial Dispatch Data Parameter Determination

14.6.1 A resource that fails the Price Impact Test in a time-step (t) 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
BITNCA, BITPCA, BITPA, BITCMP the financial dispatch data
parameters in PARAME}, shall be used to determine the financial
dispatch data parameters that shall be replaced with the resource’s
applicable reference level value.

14.6.1.2  If the resource has failed a Price Impact Test for operating reserve and
is in BITORE or BITPRC, the financial dispatch data parameters in
PARAMOR,, shall be used to determine the financial dispatch data
parameters that shall be replaced with the resource’s applicable
reference level value.

14.6.1.3  If a non-quick-start resource has failed a Price Impact Test in any
time-step, the commitment cost parameters (start-up offer, speed-no-
load offer, or energy offer associated with the minimum loading point)
that failed the corresponding Conduct Test shall be replaced with the
resource’s applicable reference level value for that time-step. For any
time-steps prior, any commitment cost parameters for that resource
that failed the Conduct Test shall be replaced with the resource’s
applicable reference level value in those time-steps. This is expressed
as:

14.6.1.3.1 For each time-step ¢ € TSand all b€ BV n (BITV“4 u BITP“4 u
BITP4 u BITEMP), for hours prior to and including the hour that
failed the Price Impact Test, T€ {1,.,8, if b€ BCT¥“4 U
BCTP“u BCTF v BCTEMP and PARAMET), contains any of the
commitment cost parameters SUOfter, SNLOffer, or
EnergyToMLP,, replace these parameters with reference level
values.

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 7, shall
be checked in place of PARAMET,.
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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 time-step t€ TS

14.6.1.5.1 if BIT includes one or more resources in a narrow constrained

area, n, each resource b € BCT“ for narrow constrained area, n,
shall have the parameters in PARAME, ; replaced with its reference
level values; and

14.6.1.5.2 if BIT?“4 includes one or more resources in a dynamic constrained

14.6.1.6

area, d, each resource b € BCTP for dynamic constrained area,
d, shall have the parameters in PARAME, , replaced with its
reference level values.

If a non-quick-start resource in a narrow constrained area or a
dynamic constrained area has failed a Price Impact Test, each non-
quick-start resource in the narrow constrained area or dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that time-step. For any time-steps 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 time-steps.
This is expressed as:

14.6.1.6.1 For all time-steps up to the time-step in which a resource failed the

Price Impact Test for a narrow constrained area , for all

be BCTY, if PARAME,,, contains any of the commitment cost
parameters SUOffer, SNLOffer, or EnergyToMLP,, replace these
parameters with reference level values.

14.6.1.6.2 For all time-stepsup to the time-step in which a resource failed the

Price Impact Test for a dynamic constrained area, for all
b€ BCTP, if PARAME,, contains any of the commitment cost

parameters SUOfter, SNLOffer, or EnergyToMLP,, replace these
parameters with reference level values.
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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 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 time-step t€ T, if BITCR" includes one or more resource

14.6.1.8

in operating reserve region, r, all resources, b € BITPR" for
operating reserve region r, shall have the parameters in
PARAMOR, ;, replaced with reference level values.

If a non-quick-start resource fails the local market power for operating
reserve Price Impact Test in any time-step, 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 time-step. For any time-steps
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 time-steps. This is expressed as:

14.6.1.8.1 For all time-steps up to the time-step in which a resource failed the

14.7 Outputs

14.7.1
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Price Impact Test for r; for all b€ BCTOR, if PARAME, , contains
any of the commitment cost parameters SUOfter, SNLOffer, or

EnergyToMLP,, replace these parameters with reference level
values.

The pre-dispatch calculation engine shall prepare the following outputs,
subject to section 14.7.2, for each time-step ¢ € 7S

14.7.1.1

14.7.1.2

The set of resources that failed the Price Impact Test for all time-steps
in the pre-dispatch look ahead period, by condition, in acordance to
sections 14.4 and 14.5. Those resources shall be added to the
accumulated set of resources from previous pre-dispatch calculation
engine runs which failed the Price Impact Test in the current time-step
teTs;

The locational marginal prices for energy and operating reserve that
failed the Price Impact Test for each resource at bus b in acordance to
sections 14.4 and 14.5;
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14.7.1.3 A revised set of offer data to be used by the next pre-dispatch

14.7.2

calculation engine run and next real-time hour. The revised set of offer
data will be for the resources that failed the Price Impact Test:

14.7.1.3.1 in current pre-dispatch calculation engine run replacing offer data
that failed the Conduct Test with the applicable reference level
values, in accordance with section 14.6; and

14.7.1.3.2 in previous pre-dispatch calculation engine runs with financial
dispatch data parameters that were decided to be mitigated in
previous pre-dispatch calculation engine runs replaced with
reference level values.

The pre-dispatch calculation engine shall not replace financial dispatch data
parameters from a resource with that resource’s applicable reference level
value if the financial dispatch data parameters is less than the reference level
value.

15 Pseudo-Unit Modelling

15.1 Pseudo-Unit Model Parameters

15.1.1
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The pre-dispatch 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:

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

15.1.1.2  CMLP, designates the minimum loading point of combustion turbine
ke{l1,.,K} in MW;

15.1.1.3  SMCR designates the registered maximum continuous rating of the
steam turbine in MW;

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

15.1.1.5  SDFdesignates the amount of duct firing capacity available on the
steam turbine in MW;

15.1.1.6  STPortion; designates the percentage of the steam turbine capacity
attributed to pseudo-unit k€ {1,.,K}; and

15.1.1.7  CSCM, € {0, 1} designates whether pseudo-unit k € {1,., K} is flagged
to operate in single cycle mode, subject to section 15.5.
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15.1.2

15.1.3

15.1.4
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The pre-dispatch calculation engine shall calculate the following model
parameters for each pseudo-unit k € {1,..K}:

15.1.2.1

15.1.2.2

15.1.2.3

15.1.2.4

MMCR), designates the maximum continuous rating of pseudo-unit k
and is calculated as follows:

CMCR, + SMCR-STPortion,(1 — CSCM,)

MMLP, designates the minimum loading point of pseudo-unit k and is
calculated as follows:

CMLB, + SMLP{1 — CSCM))

MDF, designates the duct firing capacity of pseudo-unit k and is
calculated as follows:

SDF-STPortion,(1 — CSCMy)

MDR), designates the dispatchable capacity of pseudo-unit k and is
calculated as follows:

MMCR,, — MMLP, — MDF,

The pre-dispatch calculation engine shall define three operating regions of
pseudo-unit k €{1,..K}, as follows:

15.1.3.1

15.1.3.2

15.1.33

The minimum loading point region shall be the capacity between 0 and
MMLB;

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

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

The pre-dispatch 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:

15.1.4.1

15.1.4.1.1 Steam turbine share: S7ShareMLP, =

15.1.4.1.2 Combustion turbine share: C7ShareMLF, =

15.1.4.2

For the minimum loading point region:

SMLP-(1-CSCMy)
MMLP;

CMLP,
k. and

MMLP

For the dispatchable region:

15.1.4.2.1 Steam turbine share:

(1-CSCM)(SMCR-STPortiony-SMLP-SDF STPortiong)
9

STShareDR;, = VDR
k

nd
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CMCRy-CMLPy,

15.1.4.2.2 Combustion turbine share: C7ShareDR, = DR
k

and

15.1.43  For the duct firing region:
15.1.4.3.1 Steam turbine share shall be equal to 1; and
15.1.4.3.2 Combustion turbine share shall be equal to 0.

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

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

15.2.1.1  CTCap, designates the capacity of combustion turbine & €{71,.,K} in
time-step ¢ as determined by submitted deratings;

15.2.1.2  STCap, designates the capacity of the steam turbine in time-step ¢ as
determined by submitted deratings; and

152.1.3  TotalQ, designates the total quantity of energy for pseudo-unit
k €{1,.,K} in time-step ¢.

15.2.2  The pre-dispatch calculation engine shall solve for the following
operating region parameters for each pseudo-unit k €{1,.,K}:

152.2.1  MLF,; , which designates the minimum loading point of pseudo-unit k
in time-step £

15222 DR, which designates the dispatchable region capacity of pseudo-
unit kin time-step £ and

15.2.2.3  DF,;, which designates the duct firing region capacity of pseudo-unit
k in time-step ¢

15.2.3  Pre-Processing of De-rates

15.2.3.1 The pre-dispatch calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine and steam turbine share
and the application of the pseudo-unit deratings. For pseudo-unit
k €{1,.,K} for time-step t € TS

15.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each
combustion turbine (C7Amt,;) and steam turbine portion
(STAmt,;):

If TotalQ., < MMLPF, then:
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Calculate C7TAmt,;, = 0;and
Calculate STAmt,;, = 0.
Otherwise:
CTAmMtMLP = MMLP,-CTShareMLPF; and
STAmtMLP= MMLP,-STShareMLP,.
If TotalQ. > MMLF, + MDR, then:
CTAmtDR = MDR,-CTShareDRy;
STAmtDR = MDR,-STShareDR,; and
STAmtDF = (1-CSCMy,) (TotalQx-MMLF,-MDRy,).
Otherwise:
CTAmtDR = (TotalQ,,-MMLF,) -CTShareDR;
STAmtDR = (TotalQ.,-MMLF,) -STShareDRy;
STAmtDF = 0;
CTAmt,, = CTAmtMLP+ CTAmtDR; and
STAmt,, = STAmtMLP + STAmtDR + STAmtDF.
15.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:

STAmt,,
Ywe,,x STAmt,

PRSTCap,; = < ) ‘STCap,

15.2.3.1.3 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 CTCap,; < CMLPF,, then the pseudo-unit is unavailable.
If PRSTCap,, < SMLP{(1 — CSCMj,), then the pseudo-unit is unavailable.

15.2.3.1.4 Step 4: Initialize the operating region parameters for time-step
t€ 7Sto the model parameter values:

Set MLP,, = MMLE,
Set DR, = MDR.
Set DF,;, = MDF,.

15.2.3.1.5 Step 5: Apply the derating on the combustion turbine to the
dispatchable region:
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Calculate Pso that CMLF, + P-CTShareDR;-MDR, = CTCap,;
and

Set DR, = min(DR,;., P-MDRY).

15.2.3.1.6 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 Rso that SMLP+ R-STShareDR;-MDR;, = PRSTCap,y.
If R< 1, update DF,;, =0, and DR, ;, = min(DR,;, R-MDRy).

If R >1, update DF,, = min(DF,;, PRSTCap, ;-SMLP-
STShareDR,-MDR,).

15.2.4 Available Energy Laminations

15.2.4.1  The pre-dispatch calculation engine shall determine the offer quantity
laminations that may be scheduled for energy and operating reserve in
each operating region for time-step ¢ € 75 for each pseudo-unit
k €{1,.,K}, subject to section 15.2.4.2, where:

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

152.4.1.2 (@DR, designates the total quantity that may be scheduled in the
dispatchable region; and

15.2.4.1.3 (@QDF,, designates the total quantity that may be scheduled in the
duct firing region.

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

0 < QMLP, < MLP,y;

if QMLF, ; < MLF,, then the pseudo-unit is unavailable and
QDR = QDF,; = 0; and
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15.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

15.3.1 The pre-dispatch calculation engine shall convert physical resource
constraints to pseudo-unit constraints, where:

153.1.1  PS UMin;]k designates the minimum limitation on pseudo-unit k
determined by translating constraint g. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PS UMinfk shall

be set equal to 0;

153.1.2 PS UMaXZk 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 UMaka shall

be set equal to MLF,; + DR, + DF,y;

153.1.3  CTCmtd,; €{0,1} designates whether combustion turbine & € {1,..K}
is considered committed in time-step ¢ € 7.

15.3.2  The pre-dispatch calculation engine shall calculate the minimum and
maximum limitations, subject to section 15.3.3.1, as follows:

1532.1 Minimum limitation: MinDGy, = max, ¢(1,.qPSUMin;,
15322 Maximum limitation: MaxDG, = ming ¢y, g PSUMax,

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

15.3.3  Pseudo-Unit Minimum and Maximum Constraints

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

15.3.3.1.1 PSUMin.; = PMin, where PMin shall be a minimum constraint
provided on pseudo-unit k € {1,.., K} for time-step ¢ € 75, and

153.3.1.2 PSUMax,; = PMax, PMax shall be a maximum constraint provided
on pseudo-unit k € {1,.., K} for time-step t€ TS.

15.3.4 Combustion Turbine Minimum and Maximum Constraints

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

If CTMin < MLP,-CTShareMLP,, then set
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STMinMLP= CTMin- (13hareMLEy }; and
CTShareMLP,

STMinDR = 0.
Otherwise, if CTMin > MLP, ;CTShareMLPy, then set
STMinMLP = MLPF, ;-STShareMLF,; and

STHIBDR = (CToinML, CrSharenL ) (22

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

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

PSUMin, ;= CTMin.

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

If CTMax < MLF, ;-CTShareMLPF), then the pseudo-unit is
unavailable (i.e. PSUMax,;, = 0).

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

STMaxMLP= MLF,;-STShareMLF,

TShareDR
STMaxDR = (CTMax-MLP,;-CTShareMLF, )- /

CTShareDR
PSUMax, = CTMax + STMaxMLP+ STMaxDR

15.3.4.4 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.

15.3.5 Steam Turbine Minimum and Maximum Constraints

15.3.5.1 The pre-dispatch calculation engine shall convert a stream turbine
minimum constraint to a pseudo-unit constraints as follows:

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

15.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of
pseudo-unit kK€ A:

STCapy = QMLF,;-STShareMLF, + QDR,;-STShareDR; + QDF,,.

15.3.5.1.3 Step 3: Allocate the STMin constraint to each pseudo-unit k € A,
where S7TMin constraint shall be allocated equally to each
pseudo-unit k€ A and and STPMiny, is limited by S7Cap.

15.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be

converted to a pseudo-unit constraint ,where for each pseudo-unit
k€ A

If STPMiny < MLF,;-STShareMLPF, then set

CTMinMLE, = STPMin-(S2e k),

STsharemiir,)’ and
CTMinDR; = 0.

Otherwise, if STPMiny = MLF, ;-STShareMLF,, then set

CTMinMLF, = MLF,;-CTShareMLPF,; and

CTMinDR, = (STPMin-MLP,-STShareMLR,) -(omrels)

STShareDRy.

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

15.3.5.2  If pseudo-units with sufficient steam turbine capacity are not
commited, then the pre-dispatch calculation engine shall not convert
the entire quantity of the steam turbine minimum constraint to pseudo-
unit constraints.

15.3.5.3  The steam turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

STAmtt‘k
ZWE{I,..,K} STAmtt,w

PRSTMax, = ( > -STMax.

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

PSUMax, ;= 0.

15.3.5.3.2 Otherwise, calculate R so that SMLP+ R-STShareDR;-MDR; =
PRSTMax, .
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If R< 1, set PSUMax, = MLP,; + min(DR,;., R-MDRy).

If R >1, set PSUMax, = MLP,;,+ DR, +
PRSTMax, -SMLP-STShareDR-MDR,.

15.3.5.4  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 15.3.5.1 shall be used to determine equal pseudo-unit
minimum and maximum constraints.

15.4 Steam Turbine Forced Outages

15.4.1 If the steam turbine experiences a forced outage, the pre-dispatch
calculation engine shall evaluate the corresponding pseudo-units as
resources being offered in single cycle mode.

15.5 Single-Cycle Mode Flag Across Two Dispatch Days

15.5.1  If the pre-dispatch look-ahead period spans two dispatch days and the
single cycle mode flag across the two dispatch days differs, then the pre-
dispatch calculation engine shall apply the following:

15.5.1.1  If there are no future minimum constraints for the pseudo-unit before
the end of the first dispatch day and if the I[ESO’s energy management
system indicates that the combustion turbine associated with the
pseudo-unit is not online, then the pre-dispatch calculation engine
shall use the single cycle mode flag of the second dispatch day for the
entire pre-dispatch look-ahead period.

15.5.1.2  If there are no minimum reliability or commitment constraints on the
pseudo-unit which cross into the next dispatch day and either there is a
future minimum reliability or commitment constraint on the pseudo-
unit that ends before the end of the first dispatch day or if the IESO’s
energy management system indicates that the combustion turbine
associated with the pseudo-unit is online, then the pre-dispatch
calculation engine shall:

15.5.1.2.1 use the single cycle mode flag of the first dispatch day for the pre-
dispatch look-ahead period in the first dispatch day and use the
single cycle mode flag of the second dispatch day for the pre-
dispatch look-ahead period in the second dispatch day; and

15.5.1.2.2 schedule the pseudo-unit to 0 MW in the first hour of the second
dispatch day.
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15.5.1.3 If'there is a minimum reliability or commitment constraint on the
pseudo-unit that crosses into the next dispatch day, then the pre-
dispatch calculation engine shall:

15.5.1.3.1 use the single cycle mode flag of the first dispatch day for the pre-
dispatch look-ahead period in the first dispatch day and the
beginning hours of the second dispatch day to meet such
constraint;

15.5.1.3.2 use the single cycle mode flag of the second dispatch day for pre-
dispatch look-ahead period in the second disptch day after such
constraint for the pseudo-unit has completed; and

15.5.1.3.3 schedule the pseudo-unit to 0 MW in the first hour for which no
reliability or commitment constraint applies in the second dispatch
day.

15.6 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

15.6.1 For a combined cycle facility with K combustion turbines and one steam
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turbine, the pre-dispatch calculation engine shall compute the following
energy and operating reserve schedules for time-step ¢ € T'S:

15.6.1.1  CTEy, which designates the energy schedule for combustion turbine
ke{l,.,K};

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

15.6.1.3  STE,, which designates the energy schedule for the steam turbine;

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

15.6.1.5 STP10S;;, which designates the synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-unit

kel K:;

15.6.1.6  ST10S,, which designates the synchronized fen-minute operating
reserve schedule for the steam turbine;

15.6.1.7  CT10N,, which designates the non-synchronized fen-minute
operating reserve schedule for combustion turbine k& €{1,..,K};

15.6.1.8  STP10N,, which designates the non-synchronized ten-minute
operating reserve schedule for the steam turbine portion of pseudo-
unit k €{1,.,K};
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15.6.1.9  ST10M, which designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine;

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

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

15.6.1.12 S7T30R,, which designates the thirty-minute operating reserve
schedule for the steam turbine.

15.6.2  The pre-dispatch calculation engine shall determine the following
energy and operating reserve schedules for pseudo-unit k €{1,..,K} in
time-step £ € 7S

15.6.2.1  SE.;, which designates the total amount of energy scheduled and
SE x = SEMLF, + SEDR, . + SEDF,; where:

15.6.2.1.1 SEMLF,; designates the portion of the schedule corresponding to
the minimum loading point region, where 0 < SEMLF,;, < QMLF, ;;

15.6.2.1.2 SEDR, designates the portion of the schedule corresponding to the
dispatchable region, where 0 < SEDR,; < QDR and SEDR, ;>0
only if SEMLF,;, = QMLPF,;

15.6.2.1.3 SEDF, designates the portion of the schedule corresponding to the
duct firing region, where 0 < SEDF,; < QDF,; and SEDF, ;>0
only if SEDR,;, = QDR,;

15622 5108, , which designates the total amount of synchronized ten-
minute operating reserve scheduled;

15.6.2.3  S10N;;, which 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;; +
S108; 4 + S10N,, < QMLF,; + QDR ; and

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

15.6.3  The pre-dispatch calculation engine shall convert pseudo-unit schedules to
physical generation resource schedules for energy and operating reserve, as
follows:

15.6.3.1 If SE, x > MLPy, then:
CTE = SEMLPF,;-CTShareMLE, + SEDR, ;-CTShareDR;
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STPE, ;= SEMLF, ;-STShareMLF, + SEDR, ;-STShareDR; + SEDF,;
RoomDR, ;= QDR ;-SEDR,;

10SDR, ;= min(RoomDR,;,5105,,);

10NDR,; = min(RoomDR, ;. - 10SDR 1, S10N,);

30RDR, = min(RoomDR, ;- 10SDR, ;- 10 NDR, ;,S30R, ;);
CT10S,;, = 108SDR, ;-CTShareDR;

STP10S; ;= 10SDR, ;-STShareDR; + (5105, 4- 10SDR, ;);
CT10N; ;= 10NDR, ;CTShareDR,;

STP1ON, ;= 10NDR, -STShareDR;, + (S10N, ;- 10 NDR,,);
CT30R, ;= 30RDR, ;-CTShareDR,; and

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

15632 If SE;j < MLF,; and is ramping to minimum loading point, then the

conversion shall be determined by the ramp up energy to minimum
loading point.

15.6.3.3  The steam turbines portion schedules from section 15.6.3.1 shall be
summed to obtain the steam turbine schedule as follows:

STE; = Yk=1,.k STPE¢x;

ST10S; = X=1,,xk STP10S; ;
ST10N; = Yg=1. x STP10N;; and
ST30R; = Xk=1.xk STP30R, .
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16 Pricing Formulas

16.1 Purpose

16.1.1 The pre-dispatch calculation engine shall calculate locational marginal
prices using shadow prices, constraint sensitivities and marginal loss
factors.

16.2 Sets, Indices and Parameters

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

16.2.1.1 SPEm 7}}6 £» which designates the Pass 1 shadow price for the post-
contingency transmission constraint for facility f € Fin contingency
¢ € Cin time-step £

16.2.1.2 SPEXﬂgZ , which designates the Pass 1 shadow price for the import or
export limit constraint z € Z,, in time-step ;

16.2.1.3  SPIL which designates the Pass 1 shadow price for the energy
balance constraint in time-step #;

16.2.1.4  SPNIUExtBwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting increases in net
imports between time-step (£ — 1) and time-step ¢;

162.1.5 SPNIDExtBwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting decreases in net
imports between time-step (¢ — 1) and time-step ¢;

16.2.1.6  SPNIUExtFwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting increases in net
imports between time-step t and time-step (£ + 1);

16.2.1.7  SPNIDExtFwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting decreases in net
imports between time-step ¢ and time-step (£+ 1);

16.2.1.8  SPNorm Ygf, which designates the Pass 1 shadow price for the pre-
contingency transmission constraint for facility f € Fin time-step ¢,

16.2.1.9  SP10S}, which designates the Pass 1 shadow price for the total
synchronized fen-minute operating reserve requirement constraint in
time-step ¢;
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16.2.1.10

16.2.1.11

16.2.1.12

16.2.1.13

16.2.1.14

16.2.1.15

SP10R., which designates the Pass 1 shadow price for the total ten-
minute operating reserve requirement constraint in time-step ¢,

SP30R:, which designates the Pass 1 shadow price for the total thirty-
minute operating reserve requirement constraint in time-step ¢;

SPREGMinlOR},t , which designates the Pass 1 shadow price for the
minimum ten-minute operating reserve constraint for region
r € ORREG in time-step t;

SPREGMin30R..,, which designates the Pass 1 shadow price for the
minimum thirty-minute operating reserve constraint for region
r € ORREG in time-step ¢;

SPREGMaxlOR},t, which designates the Pass 1 shadow price for the
maximum ten-minute operating reserve constraint for region
r € ORREG in time-step ¢; and

SPREGMax30R., , which designates the Pass 1 shadow price for the
maximum thirty-minute operating reserve constraint for region
r € ORREG in time-step .

16.3 Locational Marginal Prices for Energy

16.3.1
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16.3.1.1

Energy Locational Marginal Prices for Delivery Points

The pre-dispatch calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each time-
step t € TS for every bus b € L where a non-dispatchable or
dispatchable generation resource, a dispatchable load, an hourly
demand response resource, or a non-dispatchable load is sited and:

16.3.1.1.1 LMPt,lb designates the Pass 1 time-step ¢ /ocational marginal price

for energy;

16.3.1.1.2 PRef} designates the Pass 1 time-step ¢ locational marginal price

for energy at the reference bus,

16.3.1.1.3 PLoss%b designates the Pass 1 time-step £loss component; and

16.3.1.1.4 PCong%’ ,, designates the Pass 1 time-step £congestion component.

16.3.1.2

The pre-dispatch calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass 1 at bus b € L in time-step ¢ € 7., as follows:

InitLMF}, = InitPRef} + InitPLoss}, + [nitPCongy,
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where:

InitPRef} = SPIL;

InitPLoss;, = MglLoss,,"SPL;
and

InitPCong}, = z PreConSF, s, - SPNormT;; + Z z SFycfp " SPEMT] ;.
fEF: €EC fEF;c

16.3.1.3  If the initial locational marginal price for energy at the reference bus
(InitPRef}) is not within the settlement bounds
(EngyPrcFlr, EngyPrcCeil), then the pre-dispatch calculation engine
shall modify the locational marginal price for energy at the reference
bus as follows:

If InitPRef} >EngyPrcCeil , set PRef} = EngyPrcCeil
If InitPRef} < EngyPrcFir, set PRef} = EngyPrcFir
Otherwise, set PRef} = InitPRef}

16.3.1.4 If the initial locational marginal price for energy (InitLMPtl,b) is not
within the settlement bounds (EngyPrcFIr, EngyPrcCeil), then the
pre-dispatch calculation engine shall modify the locational marginal
price for energy as follows:

If InitLMP, b>EngyPrcCeJI set LMPtlb = EngyPrcCeil
If 1121tLMP < EngyPrcFir, set LM}} », = EngyPrcFiIr
Otherwise, set LMPL, = [nitLMF},

16.3.1.5  The pre-dispatch calculation engine shall modify the loss component
as follows:

If PRef} #InitPRef}, set PLoss,, = MglLoss,, PRef}
Otherwise, set PLosst = [n1tPL055t b

16.3.1.6  The pre-dispatch calculation engine shall modify the congestion
component as follows:

If LMP1 -PRef} PLOSS} pand [nitPCong% » have the same
mathematical sign, then set PCong% I LMP -PRef} -PLOSS}’ b

Otherwise, set PCongy;, = 0 and set PLoss;, = LMFL,-PRef}
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16.3.2  Energy Locational Marginal Prices for Intertie Metering Points

16.3.2.1 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each time-
step t € TS for intertie zone bus d € D, where:

16.3.2.1.1 EXtLMf;,ld designates the Pass 1 time-step ¢ /ocational marginal

price for energy;

16.3.2.1.2 lntLME}d designates the Pass 1 time-step tintertie border price for
energy;

16.3.2.1.3 IC}}}d designates the Pass 1 time-step ¢ intertie congestion price;

16.3.2.1.4 PRef} designates the Pass 1 time-step ¢ locational marginal price
for energy at the reference bus,

16.3.2.1.5 PLOSS}’d designates the Pass 1 time-step ¢loss component;

16.3.2.1.6 P[ntCong%l 4 designates the Pass 1 time-step ¢internal congestion
component for energy;

16.3.2.1.7 PEXtCong% 4 designates the Pass 1 time-step ¢external congestion
component for the intertie congestion price; and

16.3.2.1.8 PN]Sth,d designates the Pass 1 time-step £net interchange
scheduling limit congestion component for the intertie congestion
price.

16.3.2.2  The pre-dispatch calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy for the reference bus, a loss components and a congestion
components for energy for Pass 1 at intertie zone bus d € D, in intertie
zone a € A in time-step ¢, subject to sections 16.3.2.8 and 16.3.2.9, as
follows:

Page 139 of 151 Public IMO_FORM_1087v13.00
REV-21-06



InitExtLMP,; = [m’t[ntLM]{’ld + fm’thPéd
where:
[nitPRef! = SPL.;
InitPLoss,,= MglLoss, ;-SPL;;
InitPIntCong; 4

= Z PreConSF,f 4 -
fEF:

.S‘PNormTrljf + Z Z SFt,c:,f,fl 'SPEmTtl,c,f;
CEC fE€F; .
Initin tLMRf = [m’tPRef} + [m’tPLossé 4+ InitPintC ongi,, &
InitPExtC Oﬂgé 4= Xzez,, EnCoeff, , - SPExt 7;,122
and

InitPNISL,; = SPNIUExtBwdT} - SPNIUExtFwdT} - SPNIDExtBwdT} + SPNIDExtFwdT};
InitICFl;= InitPExtCong ,+ InitPNISL ,

16.3.2.3 If the initial locational marginal price for energy ([nitEXtLMPgd) is

not within the settlement bounds ( EngyPrcFir, EngyPrcCeil), then the
pre-dispatch calculation engine shall modify the intertie border price
for energy, and its components, as follows:

16.3.2.3.1 The initial locational marginal price for the reference bus
(InitPRef}) shall be modified as per section 16.3.1.3;

16.3.2.3.2 The initial intertie border price (InitlntLMPt/ld) shall be modified
as per section 16.3.1.4, where InitLMH;lb = InitlntLM@,ld;

16.3.2.3.3 The initial loss component (]HI'Z'PLOSS}’ ) shall be modified as per
section 16.3.1.5; and

16.3.2.3.4 The initial internal congestion component (InitP[ntCong%’ ) shall
be modified as per section 16.3.1.6, where [nitPCong%, b=
InitPIntC ong% -

16.3.2.4  If the initial locational marginal price for energy (IHI'Z’EXZ’LMPt’ld is

not within the settlement bounds (EngyPrcFir, EngyPrcCeil), then the
pre-dispatch calculation engine shall modify the locational marginal
price for energy, as follows:

If [nitExtLMP,,>EngyPrcCeil, set ExtLMP.; = EngyPrcCeil
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If [nitExtLMP,; < EngyPrcFIr, set ExtLMP,;= EngyPrcFlr
Otherwise, set ExtLMP.;= InitExtLMP.,

16.3.2.5 If the modified locational marginal price for energy (EXtLME,ld is
equal to the intertie border price for energy (lntLMPtlld), then the pre-
dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion component for the intertie congestion
price, as follows:

If ExtLMP, ;= IntLMP},, set PExtCong},= 0 and PNISL} ;=0

16.3.2.6  If the modified locational marginal price for energy (ExtLMPtl, 4) 18

not equal to the intertie border price for energy (IntLMPtl,d), then the
pre-dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion component for the intertie congestion
price, as follows:

If ExtLMP., # IntLMP.,, set

. ) ) InitPNISL, ,
PNISLy 4= (ExtLMF}; — IntLMP.y)" ' :
d

InitPNISL, ; + InitPExtCong,
If PNISL,; > NISLPen, set PNISL, ;= NISLPen

If PNISL, ; < (-1)-NISLPen, set PNISL, ;= (-1)-NISLPen
Then PExtCongy,= ExtLMF;-IntLMPL;-PNISL; ,

16.3.2.7 The pre-dispatch calculation engine shall calculate the intertie
congestion price as follows:

ICPY; = PExtCong,,+ PNISL,

16.3.2.8  The locational marginal price for energy calculated by the pre-
dispatch 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.
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16.3.2.9

16.3.3
16.3.3.1

16.3.3.2

16.3.3.3
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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

The pre-dispatch calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each time-step £ for each
virtual transaction zone m € M, as follows:

VZonalPL, = PRef} + VZonalPLoss},, + VZonalPCongl,,

where

VZonalPLosst,, = Z WFYIRL - PLoss},,

beLy{RT

and

VZonalPCongt,, = Z WEYIRT . PCong},

beLpRT

The pre-dispatch calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each time-step t for each
non-dispatchable load zone y €Y, as follows:

ZonalB}, = PRef} + ZonalPLoss;,+ ZonalPCong,,

where:

ZonalPLosst, = z Wng?l‘;“-PLosstljb

NDL
bELY,

and

ZonalPCongt, = Z WFXDL - PCongy,

NDL
bELy

The Ontario zonal price is calculated per section 16.3.3.2 where the
non-dispatchable load zone is comprised of all non-dispatchable loads
within Ontario.
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16.3.4  Pseudo-Unit Pricing

16.3.4.1 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each time-
step ¢ for every pseudo-unit k €{1,.., K}, where:

1634.1.1 C TMg]LOSS}/ 1, designates the marginal loss factor for the
combustion turbine identified by pseudo-unit k for time-step ¢in
Pass 1;

16.3.4.1.2 ST Mg]Lossf  designates the marginal loss factor for the steam
turbine identified by pseudo-unit k for time-step £in Pass 1;

16.3.4.1.3 CTPreConSF, s designates the pre-contingency sensitivity factor
for the combustion turbine identified by pseudo-unit k on facility
during time-step funder pre-contingency conditions;

16.3.4.1.4 STPreConSF, g designates the pre-contingency sensitivity factor
for the steam turbine identified by pseudo-unit k on facility f during
time-step tunder pre-contingency conditions;

16.3.4.1.5 CTSF; s designates the post-contingency sensitivity factor for the
combustion turbine identified by pseudo-unit k on facility f during
time-step £under post-contingency conditions for contingency c;
and

16.3.4.1.6 STSF, s, designates the post-contingency sensitivity factor for the
steam turbine identified by pseudo-unit k on facility f during time-
step tunder post-contingency conditions for contingency c.

16.3.4.2  The pre-dispatch calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass 1 and each time-step ¢ for every pseudo-unit
k €{1,.,K}, as follows:

InitLMPY, =InitPRef} + InitPLoss,, + InitPCong,
where:
InitPRef}=SPIL.;
InitPLoss; ;= MglLoss,-SPL;

and

InitPCong} = Z PreConSF, s - SPNormTg, + z Z SFycfi - SPEMT,,
fEFt cEC fEFt.C
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16.3.4.3 If pseudo-unit k €{1,..,K} is scheduled within its minimum loading
point range or not scheduled at all, its marginal loss and sensitivity
factors shall be:

MglLoss,; = CTShareMLF, -CTMglLoss;; + STShareMLPB, -STMgILossy;,
PreConSF, ¢, = CTShareMLF,- CTPreConSF, ¢ + STShareMLP,- STPreConSF, sy
SF,.ex= CTShareMLP, -CTSF, .z + STShareMLP, -STSF,.¢x

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

MglLoss, = CTShareDR-CTMgILoss}+ STShareDR,-STMgILoss}
PreConSF, g, = CTShareDR,- CTPreConSF, ¢+ STShareDR)- STPreConSF, s
SFZ',L‘,ffk = CTS]?HI‘G’DRA, 'CTSFCC,fk + STSbaI‘eDRk- STSFZ’,L‘,ffk

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

Mg]LOSS% = STMgIL 055% &
PreConSF, ¢, = STPreConSF, gy,
SFecrk= STSF . pic

16.4 Locational Marginal Prices for Operating Reserve

16.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

16.4.1.1 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for operating reserve for Pass 1 and
each time-step ¢ for a delivery point associated with the dispatchable
generation resource and dispatchable load at bus b € B, where:

16.4.1.1.1 L30RPC1b designates the Pass 1 time-step ¢/locational marginal
price for thirty-minute operating reserve,

16.4.1.1.2 P30RRef! designates the Pass 1 time-step ¢ locational marginal
price for thirty-minute operating reserve at the reference bus;

16.4.1.1.3 PBORCong%, » designates the Pass 1 time-step ¢congestion
component for thirty-minute operating reserve;

16.4.1.1.4 LlONE}b designates the Pass 1 time-step t/ocational marginal
price for non-synchronized ten-minute operating reserve;
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16.4.1.1.5 P1ONRef} designates the Pass 1 time-step tlocational marginal
price for non-synchronized ten-minute operating reserve at the
reference bus;

16.4.1.1.6 PlONCong%, » designates the Pass 1 time-step ¢ congestion
component for non-synchronized ten-minute operating reserve;

16.4.1.1.7 L105Pt,1b designates the Pass 1 time-step ¢ locational marginal
price for synchronized fen-minute operating reserve;

16.4.1.1.8 P10SRef} designates the Pass 1 time-step ¢ locational marginal
prices for synchronized ten-minute operating reserve at the
reference bus;

16.4.1.1.9 P105€0ng%/ » designates the Pass 1 time-step ¢ congestion
component for synchronized fen-minute operating reserve; and

16.4.1.1.10 ORREG), © ORREG as the subset of ORREG consisting of regions
that include bus b.

16.4.1.2  The pre-dispatch calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the reference
bus, and congestion components for Pass 1 for a delivery point
associated with the dispatchable generation resource and dispatchable
load at bus b € Bin time-step t € 75, for each class of operating
reserve, as follows:

InitL30RPY, = InitP30RRef} + InitP30RCongy,,
where
InitP30 RRef} = SP30R:

and
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InitP30RCong}, = Z SPREGMin30R}, — Z SPREGMax30RL,
rEORREG) rEORREGy

[m’tLlONPg = InitP10 NRef} + fmTPlONCongf_., b

where
InitPLONRef! = SP1OR: + SP30R}
and
InitP10NCong},
= Z (SPREGMin10R}, + SPREGMin30R},)
rEORREG)
— Z (SPREGMax10R;}, + SPREGMax30R},)
rEORREG),
[nitl10SP}, = InitP10SRef} + InitP10 SCongi b
where
InitP10SRef} = SP10S} + SP1OR: + SP30R.
and
InitP10SCong;,
= z (SPREGMin10R}, + SPREGMin30R;},)
rEORREG),
— z (SPREGMax10R;}, + SPREGMax30R} ;)
rEORREG),

16.4.1.3  If the initial locational marginal price at the reference bus
(InitP30RRef}, InitP10 NRef}, or InitP10SRef}) is not within the
settlement bounds (ORPrcFir, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the locational marginal price at the
reference bus for each class of operating reserve as follows:

If InitP30 RRef} > ORPrcCelil , set P30 RRet} = ORPrcCelil.

If InitP30 RRef} < ORPrcFir, set PX0RRefl = ORPrcFIr,
Otherwise, set P30RRef} = InitP30 RRef}.

If InitP10 NRefl > ORPrcCeil, set PLONRef} = ORPrcCeil

If InitP10 NRef} < ORPrcFIr, set PLONRef} = ORPrcFir
Otherwise, set PLONRef} = InitP10 NRef}

If InitP10 SRef},ORPrcFIr > ORPrcCeil , set 10 SRef! = ORPrcCeil
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If /nitP10SRef}, ORPrcFIr < ORPrcFlIr, set 10 SRef! = ORPrcFIr
Otherwise, set 10SRef! = InitP10SRef}

16.4.1.4 If the initial locational marginal price (1121'1‘1,301’?1%1 ,
]nitLlON}}}b, or ]nitLlOS}}}b) is not within the settlement bounds (ORPrcFir,

ORPrcCelil), then the pre-dispatch calculation engine shall modify the
locational marginal price for each class of operating reserve as follows:

If InitL30RP,, > ORPrcCeil, set L30RP), = ORPrcCeil:
If [nitL30RPB, < ORPrcFIr, set L30RP,, = ORPrcFIr,
Otherwise, set L30RP., = InitL30 RFY,.

If InitL10 NP}, > ORPrcCell, set L10 NP, = ORPrcCeil:
If [nitL10 NP}, < ORPrcFlIr, set L1ONPE,, = ORPrcFIr,
Otherwise, set LLONPY, = InitL10NFL,.

If [nitL10SP}, > ORPrcCel, set L10SP,, = ORPrcCeil:
If InitL10SP, < ORPrcFIr, set L10SP, = ORPrcFIr,
Otherwise, set L10SPY, = InitL10SF,

16.4.1.5 If the initial locational marginal price (1171't[,301’?}};1 ,
InitL10 NBY, or InitL10SPL,) is not within the settlement bounds

(ORPrcFir, ORPrcCelil), then the pre-dispatch calculation engine shall
modify the congestion component for each class of operating reserve
as follows:

Set P30RCongy;, = L30RP,-P30RRef};
Set PLONCong,, = L10NP.,-PLONRef}; and
Set P10SCong;, = L10SP},-P10SRef}.

16.4.1.6  Operating Reserve Locational Marginal Prices for Intertie Metering
Points

16.4.1.7  The pre-dispatch calculation engine shall calculate a locational
marginal price and components for operating reserve for Pass 1 and
each time-step ¢ € 7S for intertie zone bus d € D, where:

16.4.1.7.1 EXtLSORPle designates the Pass 1 time-step ¢ /ocational marginal
price for thirty-minute operating reserve;

16.4.1.7.2 P30RRef} designates the Pass 1 time-step tlocational marginal
price for thirty-minute operating reserve at the reference bus;
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16.4.1.7.3 PSORlntCong%/ 4 designates the Pass 1 time-step ¢internal
congestion component for thirty-minute operating reserve;

16.4.1.7.4 PBOREXtCong%,d designates the Pass 1 time-step tintertie
congestion component thirty-minute operating reserve;

16.4.1.7.5 EXtLlONPgd designates the Pass 1 time-step ¢/ocational marginal
price for non-synchronized ten-minute operating reserve;

16.4.1.7.6 P10NRef} designates the Pass 1 time-step tlocational marginal
price for non-synchronized ten-minute operating reserve at the
reference bus;

16.4.1.7.7 PlON[ntCong%d designates the Pass 1 time-step ¢internal

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

16.4.1.7.8 P10NEXtCong%/ 4 designates the Pass 1 time-step ¢external
congestion component for non-synchronized ten-minute operating
reserve; and

16.4.1.7.9 ORREG; < ORREG as the subset of ORREG consisting of regions
that include bus d.

16.4.1.8  The pre-dispatch calculation engine shall calculate initial locational
marginal price, locational marginal price at the reference bus, internal
congestion component and external congestion component for Pass 1
at intertie zone bus d € D, in intertie zone a € A in time-step t € 75,
for each class of operating reserve, subject to sections 16.4.1.11 and
16.4.1.12, as follows:

InitExtL30RP.; = [nitP30RRef} + InitP30 RintCong,,+ InitP30 RExtCong,
where:
InitP30RRef} = SP30R:;
InitP30 RIntCong,y= Y. rcorrrc, SPREGMIn3OR:,.- Y. 1corrzc, SPREGMax30R};
and

InitP30RExtCong., = — z 0.5 (EnCoeff,, + 1) - SPExtT,.
Z€Zsch

InitExtL10 NP, = InitPLONRef} + InitP10NIntCong, 4+ InitP10 NExtCong,
where:

InitP1ONRef} = SPIOR. + SP30RL;
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InitPLONIntCongy ;= Y. reorrec ( SPREGMimlOR: , + SPREGMin30R.,,) -
Y reorrec ( SPREGMax10R. , + SPREGMax30 R., );

and

InitP10NExtCong} 4 = — Z 0.5 - (EnCoeff,, + 1) - SPExtT},

Z€Zgch

16.4.1.9  If the initial /ocational marginal price (lnitEXtLBORH}b) is not within

the settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the locational marginal price, the
locational marginal price at the reference bus, and the external
congestion component for thirty-minute operating reserve as follows:

IntLl30R = 1171'tP30RRef} + [nitPSOR[ntCong} &
If InitP30 RRef! > ORPrcCeil, set P30 RRef} = ORPrcCeil;
If /nitP30 RRef} < ORPrcFir, set P30RRef} = ORPrcFIr,
Otherwise, set P30RRef} = InitP30 RRef};
Set P30RIntCong, ;= ExtL30RE,-P30RRef};
If InitExtL30RP,, > ORPrcCeil, set ExtL30RP,, = ORPrcCelil,
If 1121'1‘1*7th,301’?}76117 < ORPrcFIr, set EXtL3ORE,1b = ORPrcFIr,
Otherwise, ExtL30RP,, = InitExtL30RP,; and
Set P30RExtCong;, = ExtL30RF},-P30 RRef} -P30 RIntCong,

16.4.1.10 If the initial /ocational marginal price (lnitEXtLloNPgb) is not within

the settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the initial /ocational marginal price,
locational marginal price at the reference bus, and the external
congestion component for ten-minute operating reserve as follows:

IntL10 N = [nitP10 NRef} + [nitPlON[ntCong% &
If InitP10 NRef} > ORPrcCeil, set PLONRef} = ORPrcCeil
If InitP10 NRef! < ORPrcFIr, set PLONRef} = ORPrcFlIr,
Otherwise, PLONRef! = InitP10 NRef}; and
Set P1ONIntCongyy= L10 NP, — PLONRef};
If [nitExtL10 NP}, > ORPrcCell, set ExtLIONF}, = ORPrcCell:
If InitEXtLloNPt,lb < ORPrcFIr, set EX['LlONPt’lb = ORPrcFiIr,
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16.4.1.11

16.4.1.12

Otherwise, EXl‘LBORPt’lb = [nitEXl‘LlONPt/lb; and
Set PION ExtCong,,= ExtL10NF}, - PLONRef} - PLON [ntCong,

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

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.

16.5 Pricing for Islanded Nodes

16.5.1

16.5.1.1

16.5.1.2

16.5.1.3

16.5.2
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For non-quick start resources that are not connected to the main island,
the pre-dispatch 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:

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.

For all (i) resources other than those specified in section 16.5.1 not
connected to the main island; (ii) non-quick start resources where a
price was not able to be determined in accordance with section 16.5.1;
the pre-dispatch calculation engine shall use the following logic in the
order set out below to calculate locational marginal prices for energy,
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16.5.2.1

16.52.2

16.5.2.3

16524

16.5.2.5

using a node-level and facility-level substitution list determined by the
1IESO:

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
16.5.2.2 through 16.5.2.4, use the locational marginal price for energy
for the reference bus.
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	4.1.3 ,B-DG. ⊆ B designates the set of buses identifying dispatchable generation resources;
	4.1.4 ,B-DL. ⊆ B designates the set of buses identifying dispatchable loads;
	4.1.5 ,B-ELR. ⊆, B-DG. designates the subset of buses identifying energy limited resources;
	4.1.6 ,B-HDR. ⊆ B designates the set of buses identifying hourly demand response resources;
	4.1.7 ,B-HE. ⊆ ,B-DG. designates the subset of buses identifying dispatchable hydroelectric generation resources;
	4.1.8 ℘(,B-HE.) designates the set of all subsets of the set ,B-HE.;
	4.1.9 ,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 hydroelect...
	4.1.10 ,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 hydroelec...
	4.1.11 ,B-s-HE. ⊆ ,B-HE. designates the subset of buses identifying dispatchable hydroelectric generation resources in set s ∈ SHE;
	4.1.12 ,B-NDG. ⊆ B designates the set of buses identifying non-dispatchable generation resources;
	4.1.13 ,B-NO10DF. ⊆ ,B-PSU. designates the subset of buses identifying pseudo-units that cannot provide ten-minute operating reserve from the duct firing region;
	4.1.14 ,B-NQS. ⊆ ,B-DG. designates the subset of buses identifying dispatchable non-quick start resources;
	4.1.15 ,B-PSU. ⊆ ,B-NQS. designates the subset of buses identifying pseudo-units;
	4.1.16 ,B-r-REG. ⊆ B designates the set of internal buses in operating reserve region r ∈ ORREG;
	4.1.17 ,B-p-ST. ⊆ ,B-PSU. designates the subset of buses identifying pseudo-units with a share of steam turbine p ∈ PST;
	4.1.18 ,B-VG. ⊆ ,B-DG. designates the subset of buses identifying dispatchable variable generation resources;
	4.1.19 C designates the set of contingencies that shall be considered in the security assessment function;
	4.1.20 D designates the set of buses outside Ontario corresponding to imports and exports at intertie zones;
	4.1.21 DAYS designates the set of days in the look-ahead period. If the look-ahead period spans one day, then DAYS = {tod}. If the look-ahead period spans two days, then DAYS = {tod, tom};
	4.1.22 ,D-r-REG. ⊆ D designates the set of intertie zone buses identifying boundary entity resources in operating reserve region r ∈ ORREG;
	4.1.23 DX ⊆ D designates the subset of intertie zone buses identifying boundary entity resources that correspond to export bids;
	4.1.24 DI  ⊆ D designates the subset of intertie zone buses identifying boundary entity resources that correspond to import offers;
	4.1.25 ,D-a. ⊆ D designates the set of all buses identifying boundary entity resources in intertie zone a ∈ A;
	4.1.26 ,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;
	4.1.27 ,DI-t-CAPEX. ⊆ DI designates the intertie zone source buses identifying import offers flagged as capacity imports in time-step t ∈ {4,..,,n-LAP.};
	4.1.28 ,DI-t-EM. ⊆ DI designates the intertie zone buses corresponding to emergency energy import transactions for time-step t ∈ TS;
	4.1.29 ,DI-t-EMNS. ⊆ ,DI-t-EM. designates the intertie zone buses corresponding to emergency energy import transactions that do not support emergency energy export transactions in time-step t ∈ TS;
	4.1.30 ,DI-t-INP. ⊆ DI designates the intertie zone buses corresponding to inadvertent energy payback import transactions for time-step t ∈ TS;
	4.1.31 ,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;
	4.1.32 ,DX-t-CAPEX. ⊆ DX  designates the intertie zone sink buses identifying export bids flagged as capacity exports in time-step t;
	4.1.33 ,DX-t-INP. ⊆ DX designates the intertie zone buses corresponding to inadvertent energy payback export transactions for time-step t ∈ TS;
	4.1.34 ,DX-t-EM. ⊆ DX designates the intertie zone buses corresponding to emergency energy export transactions for time-step t ∈ TS;
	4.1.35 F designates the set of facilities and groups of facilities for which transmission constraints may be identified;
	4.1.36 ,F-t. ⊆ F designates the set of facilities whose pre-contingency limit was violated in time step t as determined by a preceding security assessment function iteration;
	4.1.37 ,F-t,c. ⊆ F designates the set of facilities whose post-contingency limit for contingency 𝑐 is violated in time step 𝑡 as determined by a preceding security assessment function iteration;
	4.1.38 ,J-t,b-E. designates the set of bid laminations for energy at bus b ∈ B ∪ DX for time-step t ∈ TS;
	4.1.39 ,J-t,b-10S. designates the set of offer laminations for synchronized ten-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.40 ,J'-t,b-10S. designates the set of reference level value laminations for synchronized ten-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.41 ,J-t,b-10N. designates the set of offer laminations for non-synchronized ten-minute operating reserve at bus b ∈ B ∪ DX for time-step t ∈ TS;
	4.1.42 ,J'-t,b-10N. designates the set of reference level value laminations for non-synchronized ten-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.43 ,J-t,b-30R. designates the set of offer laminations for thirty-minute operating reserve offer at bus b ∈ B ∪ DX for time-step t ∈ TS;
	4.1.44 ,𝐽′-𝑡,𝑏-30𝑅. designates the set of reference level value laminations for thirty-minute operating reserve at bus 𝑏∈𝐵 for time-step t ∈ TS;
	4.1.45 ,K-t,b-DF. ⊆ ,K-t,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. for time-step t ∈ TS;
	4.1.46 ,K-t,b-DR. ⊆ ,K-t,b-E. designates the set of offer laminations for energy corresponding to the dispatchable region of a pseudo-unit at bus ,b ∈ B-PSU. for time-step t ∈ TS;
	4.1.47 ,K-t,b-E. designates the set of offer laminations for energy at bus b ∈ B ∪ DI for time-step t ∈ TS;
	4.1.48 ,K'-t,b-E. designates the set of reference level value laminations for energy at bus b ∈ B for time-step t ∈ TS;
	4.1.49 ,K-t,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.for time-step t ∈ TS;
	4.1.50 ,K-t,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. for time-step t ∈ TS;
	4.1.51 ,K-t,b-10S. designates the set of offer laminations for synchronized ten-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.52 ,K-t,b-'10S. designates the set of reference level value laminations for synchronized ten-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.53 ,K-t,b-10N. designates the set of offer laminations for non-synchronized ten-minute operating reserve at bus b ∈ B ∪ DI for time-step t ∈ TS;
	4.1.54 ,K-t,b-'10N. designates the set of reference level value laminations for non-synchronized ten-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.55 ,K-t,b-30R. designates the set of offer laminations for thirty-minute operating reserve at bus b ∈ B ∪ DI for time-step t ∈ TS;
	4.1.56 ,K''-t,b-30R. designates the set of reference level value laminations for thirty-minute operating reserve at bus b ∈ B for time-step t ∈ TS;
	4.1.57 L designates the set of buses where the locational marginal prices represent prices for delivery points associated with non-dispatchable and dispatchable generation resources, dispatchable loads, hourly demand response resources, price responsi...
	4.1.58 ,L-y-NDL. ⊆ L, designates the buses contributing to the zonal price for non-dispatchable load zone y ∈ Y;
	4.1.59 ,L-m-VIRT. ⊆ L, designates the buses contributing to the virtual zonal price for virtual transaction zone m ∈ M;
	4.1.60 M designates the set of virtual transaction zones;
	4.1.61 NCA designates the set of narrow constrained areas;
	4.1.62 DCA designates the set of dynamic constrained areas;
	4.1.63 BCA designates the set of broad constrained areas;
	4.1.64 PST designates the set of steam turbines offered as part of a pseudo-unit;
	4.1.65 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;
	4.1.66 THERM = {COLD,WARM,HOT} designates the set of thermal states for non-quick start resources;
	4.1.67 TS = {2,..,,n-LAP.} designates the set of all time-steps in the look-ahead period that are included in the pre-dispatch calculation engine optimization, where ,n-LAP. designates the number of time-steps in the look-ahead period;
	4.1.68 ,TS-tod. ⊆ TS designates the time-steps in the look-ahead period that are part of the current dispatch day;
	4.1.69 ,TS-tom. ⊆ TS designates the time-steps in the look-ahead period that are part of the next dispatch day;
	4.1.70 ,TSC-b. ⊆ TS designates the set of time-steps representing the first hour of a day-ahead operational commitment for the resource at bus b ∈ B;
	4.1.71 ,t-tom. ∈ ,TS-tom. designates the first time-step of the next dispatch day;
	4.1.72 Y designates the non-dispatchable load zones in Ontario; and
	4.1.73 ,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-t,b,k. designates the maximum incremental quantity of energy that may be scheduled in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,b-E.; and
	4.2.1.2 ,PNDG-t,b,k. designates the price for the maximum incremental quantity of energy in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,b-E..

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

	4.2.3 With respect to a dispatchable non-quick start resource identified by bus b ∈ ,B-NQS. :
	4.2.3.1 ,LT-q,b-m. designates the lead time in dispatch day q ∈ DAYS for thermal state m ∈ THERM;
	4.2.3.2 ,MGODG-t,b. designates the minimum generation cost to operate at minimum loading point in time-step t ∈ TS. This parameter is calculated as follows:
	4.2.3.3 ,MGBRTDG-q,b. designates the minimum generation block run-time within dispatch day q ∈ DAYS;
	4.2.3.4 ,MaxStartsDG-q,b. designates the maximum number of starts per day within dispatch day q ∈ DAYS;
	4.2.3.5 ,MGBDTDG-q,b-HOT. designates the minimum generation block down-time for a hot thermal state within dispatch day q ∈ DAYS;
	4.2.3.6 ,MGBDTDG-q,b-WARM. designates the minimum generation block down-time for a warm thermal state in dispatch day q ∈ DAYS;
	4.2.3.7 ,MGBDTDG-q,b-COLD. designates the minimum generation block down-time for a cold thermal state in dispatch day q ∈ DAYS;
	4.2.3.8 ,PLTMLP-t,b,k. designates the price for the maximum incremental quantity of energy up to the minimum loading point that may be scheduled in time-step t ∈ TS in association with offer lamination ,k ∈ K-t,b-LTMLP.;
	4.2.3.9 ,QLTMLP-t,b,k. designates the maximum incremental quantity of energy up to the minimum loading point that may be scheduled in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,b-LTMLP.;
	4.2.3.10 ,RampE-q,b,w-m. designates the ramp up energy to minimum loading point in dispatch day q ∈ DAYS for w ∈ {1,..,,RampHrs-q,b-m.} and thermal state m ∈ THERM;
	4.2.3.11 ,RampHrs-q,b-m. designates the ramp hours to minimum loading point in dispatch day q ∈ DAYS for thermal state m ∈ THERM;
	4.2.3.12 ,SNL-t,b. designates the speed no-load offer in time-step t ∈ TS;
	4.2.3.13 ,SUDG-t,b-m. designates the start-up offer in time-step t ∈ TS for thermal state m ∈ THERM;
	4.2.3.14 ,SUDG-t,b-DAM. designates the start-up offer used to evaluate the day-ahead market commitment starting in time-step t ∈ ,TSC-b.;
	4.2.3.15 ,SUAdjDG-t,b-m. designates the start-up offer that the optimization function will evaluate in time-step t ∈ TS under thermal state m.

	4.2.4 With respect to an energy limited resource identified by bus b ∈, B-ELR.:
	4.2.4.1 Max,DEL-q,b. designates the maximum daily energy limit for a single resource with or without a registered forebay within dispatch day q ∈ DAYS..

	4.2.5 With respect to a dispatchable hydroelectric generation resource identified by bus b ∈  ,B-HE.:
	4.2.5.1 ,MinHMR-t,b. designates the hourly must-run value in time-step t ∈ TS;
	4.2.5.2 ,MinHO-t,b. designates the minimum hourly output in time-step t ∈ TS;
	4.2.5.3 ,MinDEL-q,b. designates the minimum daily energy limit for a single resource with of without a registered forebay within dispatch day q ∈ DAYS.;
	4.2.5.4 ,MaxStartsHE-q,b. designates the maximum number of starts per day within dispatch day q ∈ DAYS;
	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 time-step t and (t + 1) if the schedule increases from below ,StartMW-b,i. to at or abo...
	4.2.5.6  (,ForL-q,b,i.,  ,ForU-q,b,i.) for i  ∈ {1,..,,NFor-q,b.} designates the lower and upper limits of the forbidden regions and indicate that the resource cannot be scheduled between ,ForL-q,b,i. and ,ForU-q,b,i. for all i  ∈ ,1,..,,NFor-q,b.. wi...

	4.2.6 With respect to multiple dispatchable hydroelectric generation resources with a registered forebay:
	4.2.6.1 ,MaxSDEL-q,s. designates the maximum daily energy limit shared by all dispatchable hydroelectric generation resources in set s ∈ SHE for dispatch day q ∈ DAYS; and
	4.2.6.2 ,MinSDEL-q,s. designates the minimum daily energy limit shared by all dispatchable hydroelectric generation resources in set s ∈ SHE within dispatch day q ∈ DAYS.

	4.2.7 With respect to a dispatchable hydroelectric generation resource for which a MWh ratio was respected:
	4.2.7.1 ,LNK-q. ⊆ ,B-up-HE.×,B-dn-HE. designates the set of linked dispatchable hydroelectric generation resources for dispatch day q ∈ DAYS, where ,LNK-q. designates a set with elements of the form (,b-1., ,b-2.) where ,b-1. ∈ ,B-up-HE. and ,b-2. ∈ ,...
	4.2.7.2 ,Lag-q,,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-,q,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-q. f...

	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-q,b,w-m. designates the quantity of energy injected w hours before the pseudo-unit reaches its minimum loading point in dispatch day q ∈ DAYS and thermal state m ∈ THERM that is attributed to the combustion turbine for w ∈ {1,..,,RampH...
	4.2.8.4 ,RampST-q,b,w-m. designates the quantity of energy injected w hours before the pseudo-unit reaches its minimum loading point in dispatch day q ∈ DAYS for thermal state m ∈ THERM that is attributed to the steam turbine for w ∈ {1,..,,RampHrs-q,...

	4.2.9 With respect to a dispatchable load identified by bus b ∈, B-DL.:
	4.2.9.1 ,QDL-t,b,j. designates the maximum incremental quantity of energy that may be scheduled in time-step t ∈ TS in association with bid lamination j ∈ ,J-t,b-E.;
	4.2.9.2 ,PDL-t,b,j. designates the price for the maximum incremental quantity of energy in time-step t ∈ TS in association with bid lamination j ∈ ,J-t,b-E.;
	4.2.9.3 ,Q10SDL-t,b,j. designates the maximum incremental quantity of synchronized ten-minute operating reserve that may be scheduled in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,b-10S.;
	4.2.9.4 ,P10SDL-t,b,j. designates the price for the maximum incremental quanitity of synchronized ten-minute operating reserve in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,b-10S.;
	4.2.9.5 ,Q10NDL-t,b,j. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve that may be scheduled in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,b-10N.;
	4.2.9.6 ,P10NDL-t,b,j. designates the price for the maximum incremental quantity of non-synchronized ten-minute operating reserve in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,b-10N.;
	4.2.9.7 ,Q30RDL-t,b,j. designates the maximum increamental quantity of thirty-minute operating reserve that may be scheduled in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,b-30R.;
	4.2.9.8 ,P30RDL-t,b,j. designates the price for the maximum incremental quantity of thirty-minute operating reserve in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,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-t,b. designates the number of ramp rates provided in time-step t ∈ TS ;
	4.2.9.11 ,RmpRngMaxDL-t,b,w. for w ∈ {1,..,,𝑁𝑢𝑚𝑅𝑅𝐷𝐿-𝑡,𝑏.} designates the wth ramp rate break point in time-step t ∈ TS ;
	4.2.9.12 ,URRDL-t,b,w. for w ∈ {1,..,,𝑁𝑢𝑚𝑅𝑅𝐷𝐿-𝑡,𝑏.} designates the maximum ramp rate in MW per minute at which the dispatchable load can increase its amount of energy consumption in time-step t ∈ TS  while operating in the range between ,RmpR...
	4.2.9.13 ,DRRDL-t,b,w. for w ∈ {1,..,,𝑁𝑢𝑚𝑅𝑅𝐷𝐿-𝑡,𝑏.} designates the maximum ramp rate in MW per minute at which the dispatchable load can decrease its amount of energy consumption in time-step t ∈ TS  while operating in the range between ,RmpR...
	4.2.9.14 ,QDLFIRM-t,b. designates the quantity of energy that is bid at the maximum market clearing price in time-step t ∈ TS.

	4.2.10 With respect to an hourly demand response resource identified by bus b ∈ ,B-HDR.:
	4.2.10.1 ,QHDR-t,b,j. designates an maximum incremental quantity of reduction in energy consumption that may be scheduled in time-step t ∈ TS in association with bid lamination j ∈ ,J-t,b-E.;
	4.2.10.2 ,PHDR-t,b,j. designates the price for the maximum incremental quantity of reduction in energy consumption for time-step t ∈ TS in association with bid lamination j ∈ ,J-t,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 boundary entity resource import from intertie zone bus d ∈ DI, where the locational marginal price represents the price for the intertie metering point:
	4.2.11.1 ,QIG-t,d,k. designates the maximum incremental quantity of energy that may be scheduled to import in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,d-E.;
	4.2.11.2 ,PIG-t,d,k. designates the price for the maximum incremental quantity of energy may be scheduled to import in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,d-E.;
	4.2.11.3 ,Q10NIG-t,d,k. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve that may be scheduled in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,d-10N.;
	4.2.11.4 ,P10NIG-t,d,k. designates the price for the maximum incremental quantity of non-synchronized ten-minute operating reserve in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,d-10N.;
	4.2.11.5 ,Q30RIG-t,d,k. designates the maximum incremental quantity of thirty-minute operating reserve quantity that may be scheduled in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,d-30R.; and
	4.2.11.6 ,P30RIG-t,d,k. designates the price for the maximum incremental quantity of thirty-minute operating reserve in time-step t ∈ TS in association with offer lamination k ∈ ,K-t,d-30R..

	4.2.12 With respect to a boundary entity resource export to intertie zone sink bus d ∈ DX, where the locational marginal price represents the price for the intertie metering point:
	4.2.12.1 ,QXL-t,d,j. designates the maximum incremental quantity of energy that may be scheduled to export in time-step t ∈ TS in association with bid lamination j ∈ ,J-t,d-E.;
	4.2.12.2 ,PXL-t,d,j. designates the price for the maximum incremental quantity of energy that may be scheduled to export in time-step t ∈ TS in association with bid lamination j ∈ ,J-t,d-E.;
	4.2.12.3 ,Q10NXL-t,d,j. designates the maximum incremental quantity of non-synchronized ten-minute operating reserve that may be scheduled to provide in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,d-10N.;
	4.2.12.4 ,P10NXL-t,d,j. designates the price for the maximum incremental quantity of non-synchronized ten-minute operating reserve in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,d-10N.;
	4.2.12.5 ,Q30RXL-t,d,j. designates the maximum incremental quantity of thirty-minute operating reserve that may be scheduled to provide in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,d-30R.; and
	4.2.12.6 ,P30RXL-t,d,j. designates the price for the maximum incremental quantity of thirty-minute operating reserve in time-step t ∈ TS in association with offer lamination j ∈ ,J-t,d-30R..

	4.2.13 With respect to a wheeling through transaction:
	4.2.13.1 ,L-t. ⊆ DX×DI designates the set of linked boundary entity resource import and export buses corresponding to wheeling through transactions, where ,L-t. is a set with elements of the form (dx, di) where dx ∈ DX and di ∈ DI.

	4.3 IESO Data Parameters
	4.3.1 Variable Generation Forecast
	4.3.1.1 ,FG-t,b. designates the IESO’s centralized variable generation forecast for a variable generation resource identified by bus b ∈ ,B-VG. in time-step t ∈ TS.

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

	4.3.3 Intertie Curtailments
	4.3.3.1 ,ICMaxXL-t,d. designates the maximum limit on the quantity of energy scheduled for export to intertie zone sink bus d ∈ DX and time-step t ∈ TS as the result of an intertie curtailment;
	4.3.3.2 ,ICMinXL-t,d. designates the minimum limit on the quantity of energy scheduled for export to intertie zone sink bus d ∈ DX and time-step t ∈ TS as the result of an intertie curtailment;
	4.3.3.3 ,ICMaxIG-t,d. designates the maximum limit on the quantity of energy scheduled for import from intertie zone source bus d ∈ DI and time-step t ∈ TS as the result of an intertie curtailment;
	4.3.3.4 ,ICMax10NIG-t,d. designates the maximum limit on the quantity of non-synchronized ten-minute operating reserve scheduled for import from intertie zone source bus d ∈ DI and time-step t ∈ TS as the result of an intertie curtailment;
	4.3.3.5 ,ICMax30RIG-t,d. designates the maximum limit on the quantity of thirty-minute operating reserve scheduled for import from intertie zone source bus d ∈ DI and time-step t ∈ TS as the result of an intertie curtailment;
	4.3.3.6 ,ICMinIG-t,d. designates the minimum limit on the quantity of energy scheduled for import from intertie zone source bus d ∈ DI and time-step t ∈ TS as the result of an intertie curtailment;
	4.3.3.7 ,ICMin10NIG-t,d. designates the minimum limit on the quantity of non-synchronized ten-minute operating reserve scheduled for import from intertie zone source bus d ∈ DI and time-step t ∈ TS as the result of an intertie curtailment; and
	4.3.3.8 ,ICMin30RIG-t,d. designates the minimum limit on the quantity of thirty-minute operating reserve scheduled for import from intertie zone source bus d ∈ DI and time-step t ∈ TS as the result of an intertie curtailment.

	4.3.4 Operating Reserve Requirements
	4.3.4.1 ,TOT10S-t. designates the synchronized ten-minute operating reserve requirement;
	4.3.4.2 ,TOT10R-t. designates the total ten-minute operating reserve requirement;
	4.3.4.3 ,TOT30R-t. designates the thirty-minute operating reserve requirement;
	4.3.4.4 ORREG designates the set of regions for which regional operating reserve limits have been defined;
	4.3.4.5 ,REGMin10R-t,r. designates the minimum requirement for total ten-minute operating reserve in region r ∈ ORREG in time-step t ∈ TS;
	4.3.4.6 ,REGMin30R-t,r. designates the minimum requirement for thirty-minute operating reserve in region r ∈ ORREG in time-step t ∈ TS;
	4.3.4.7 ,REGMax10R-t,r. designates the maximum amount of total ten-minute operating reserve that may be scheduled in region r ∈ ORREG in time-step t ∈ TS; and
	4.3.4.8 ,REGMax30R-t,r. designates the maximum amount of thirty-minute operating reserve that may be scheduled in region r ∈ ORREG in time-step t ∈ TS.

	4.3.5 Intertie Limits
	4.3.5.1 ,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 desc...
	4.3.5.2 ,MaxExtSch-t,z. designates the maximum flow limit for intertie flow constraint z ∈, Z-Sch.in time-step t ∈ TS;
	4.3.5.3 ,ExtDSC-t. designates the net interchange scheduling limit for when the net flows over all interties from time-step (t−1) to time-step t decrease; and
	4.3.5.4 ,ExtUSC-t. designates the net interchange scheduling limit for when the net flows over all interties from time-step (t−1) to time-step t increase.

	4.3.6  Resource Minimum and Maximum Constraints
	4.3.6.1 Where applicable the minimum or maximum output of a dispatchable generation resource or a non-dispatchable generation resource,  minimum or maximum consumption of a dispatchable load, and minimum and maximum reduction of an hourly demand respo...
	4.3.6.1.1 ,MinDL-t,b. designates the most restrictive minimum consumption limit for the dispatchable load at bus b ∈ ,B-DL.;
	4.3.6.1.2 ,MaxDL-t,b. designates the most restrictive maximum consumption limit for the dispatchable load at bus b ∈ ,B-DL.;
	4.3.6.1.3 ,MinNDG-t,b. designates the most restrictive minimum output limitfor the non-dispatchable generation resource at bus b ∈ ,B-NDG.;
	4.3.6.1.4 ,MaxNDG-t,b. designates the most restrictive maximum output limitfor the non-dispatchable generation resource at bus b ∈ ,B-NDG.;
	4.3.6.1.5 ,MinDG-t,b. designates the most restrictive minimum output limit for the dispatchable generation resource at bus b ∈ ,B-DG.;
	4.3.6.1.6 ,MaxDG-t,b. designates the most restrictive maximum output limit for the dispatchable generation resource at bus b ∈ ,B-DG.;
	4.3.6.1.7 ,MaxMLP-t,b. designates the maximum output limit in time-step t for the minimum loading point region of a pseudo-unit at bus b ∈, B-PSU.;
	4.3.6.1.8 ,MaxDR-t,b. designates the maximum output limit in time-step t for the dispatchable region of a pseudo-unit at bus b ∈, B-PSU.;
	4.3.6.1.9 ,MaxDF-t,b. designates the maximum output limit in time-step t for the duct firing region of a pseudo-unit at bus b ∈, B-PSU.;
	4.3.6.1.10 ,MinHDR-t,b. designates the minimum load reduction level that may be scheduled for the hourly demand response resource at bus b ∈ ,B-HDR.; and
	4.3.6.1.11 ,MaxHDR-t,b. designates the maximum load reduction level that may be scheduled for the hourly demand response resource at bus b ∈ ,B-HDR..

	4.3.7 Constraint violation penalties for time step t ∈ TS:
	4.3.7.1 (,PLdViolSch-t,i.,,QLdViolSch-t,i.) for i ∈ {1,..,,N-,LdViol-t..} designates the price-quantity segments of the penalty curve for under generation used by the Pre-Dispatch Scheduling algorithm in section 8 and the Reference Level Scheduling al...
	4.3.7.2 (,PLdViolPrc-t,i.,,QLdViolPrc-t,i.) for i ∈ {1,..,,N-,LdViol-t..} designates the price-quantity segments of the penalty curve for under generation used by the Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing algorithm in...
	4.3.7.3 (,PGenViolSch-t,i.,,QGenViolSch-t,i.) for i ∈ {1,..,,N-,GenViol-t..} designates the price-quantity segments of the penalty curve for over generation used by the Pre-Dispatch Scheduling algorithm in section 8 and the Reference Level Scheduling ...
	4.3.7.4 (,PGenViolPrc-t,i.,,QGenViolPrc-t,i.)  for i ∈ {1,..,,N-,GenViol-t..} designates the price-quantity segments of the penalty curve for over generation used by the Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing algorithm...
	4.3.7.5 (,P10SViolSch-t,i.,,Q10SViolSch-t,i.) for i ∈ {1,..,,N-,10SViol-t..} designates the price-quantity segments of the penalty curve for the synchronized ten-minute operating reserve requirement used by the Pre-Dispatch Scheduling algorithm in sec...
	4.3.7.6 (,P10SViolPrc-t,i.,,Q10SViolPrc-t,i.) for i ∈ {1,..,,N-,10SViol-t..} designates the price-quantity segments of the penalty curve for the synchronized ten-minute operating reserve requirement used by the Pre-Dispatch Pricing algorithm in sectio...
	4.3.7.7 (,P10RViolSch-t,i.,,Q10RViolSch-t,i.) for i ∈ {1,..,,N-,10RViol-t..} designates the price-quantity segments of the penalty curve for the total ten-minute operating reserve requirement used by the Pre-Dispatch Scheduling algorithm in section 8 ...
	4.3.7.8 (,P10RViolPrc-t,i.,,Q10RViolPrc-t,i.) for i ∈ {1,..,,N-,10RViol-t..} designates the price-quantity segments of the penalty curve for the total ten-minute operating reserve requirement used by the Pre-Dispatch Pricing algorithm in section 9 and...
	4.3.7.9 (,P30RViolSch-t,i.,,Q30RViolSch-t,i.) for i ∈ {1,..,,N-,30RViol-t..} designates the price-quantity segments of the penalty curve for the total thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve ...
	4.3.7.10 (,P30RViolPrc-t,i.,,Q30RViolPrc-t,i.) for i ∈ {1,..,,N-,30RViol-t..} designates the price-quantity segments of the penalty curve for the total thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve...
	4.3.7.11 (,PREG10RViolSch-t,i.,,QREG10RViolSch-t,i.) for i ∈ {1,..,,N-,REG10RViol-t..} designates the price-quantity segments of the penalty curve for area total ten-minute operating reserve minimum requirements used by the Pre-Dispatch Scheduling alg...
	4.3.7.12 (,PREG10RViolPrc-t,i.,,QREG10RViolPrc-t,i.) for i ∈ {1,..,,N-,REG10RViol-t..} designates the price-quantity segments of the penalty curve for area total ten-minute operating reserve minimum requirements used by the Pre-Dispatch Pricing algori...
	4.3.7.13 (,PREG30RViolSch-t,i.,,QREG30RViolSch-t,i.) for i ∈ {1,..,,N-,REG30RViol-t..} designates the price-quantity segments of the penalty curve for area thirty-minute operating reserve minimum requirements used by the Pre-Dispatch Scheduling algori...
	4.3.7.14 (,PREG30RViolPrc-t,i.,,QREG30RViolPrc-t,i.) for i ∈ {1,..,,N-,REG30RViol-t..} designates the price-quantity segments of the penalty curve for area thirty-minute operating reserve minimum requirements used by the Pre-Dispatch Pricing algorithm...
	4.3.7.15 (,PXREG10RViolSch-t,i.,,QXREG10RViolSch-t,i.) for i ∈ {1,..,,N-,XREG10RViol-t..} designates the price-quantity segments of the penalty curve for area total ten-minute operating reserve maximum restrictions used by the Pre-Dispatch Scheduling ...
	4.3.7.16 (,PXREG10RViolPrc-t,i.,,QXREG10RViolPrc-t,i.) for i ∈ {1,..,,N-,XREG10RViol-t..} designates the price-quantity segments of the penalty curve for area total ten-minute operating reserve maximum restrictions used by the Pre-Dispatch Pricing alg...
	4.3.7.17 (,PXREG30RViolSch-t,i.,,QXREG30RViolSch-t,i.) for i ∈ {1,..,,N-,XREG30RViol-t..} designates the price-quantity segments of the penalty curve for area total thirty-minute operating reserve maximum restrictions used by the Pre-Dispatch Scheduli...
	4.3.7.18 (,PXREG30RViolPrc-t,i.,,QXREG30RViolPrc-t,i.) for i ∈ {1,..,,N-,XREG30RViol-t..} designates the price-quantity segments of the penalty curve for area total thirty-minute operating reserve maximum restrictions used by the Pre-Dispatch Pricing ...
	4.3.7.19 (,PPreITLViolSch-f,t,i., ,QPreITLViolSch-f,t,i.) for i ∈ {1,..,,N-,PreITLViol-f,t..} designates the price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the transmission constraint for facility f ∈ F used by...
	4.3.7.20 (,PPreITLViolPrc-f,t,i., ,QPreITLViolPrc-f,t,i.) for i ∈ {1,..,,N-,PreITLViol-f,t..} designates the price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the transmission constraint for facility f ∈ F used by...
	4.3.7.21 (,PITLViolSch-c,f,t,i., ,QITLViolSch-c,f,t,i.) for i ∈ {1,..,,N-,ITLViol-c,f,t..} designates the price-quantity segments of the penalty curve for exceeding the contingency c ∈ C post-contingency limit of the transmission constraint for facili...
	4.3.7.22 (,PITLViolPrc-c,f,t,i., ,QITLViolPrc-c,f,t,i.) for i ∈ {1,..,,N-,ITLViol-c,f,t..} designates the price-quantity segments of the penalty curve for exceeding the contingency c ∈ C post-contingency limit of the transmission constraint for facili...
	4.3.7.23 (,PPreXTLViolSch-z,t,i., ,QPreXTLViolSch-z,t,i.) for i ∈ {1,..,,N-,PreXTLViol-z,t..} designates the price-quantity segments of the penalty curve for exceeding the flow limit specified by z ∈ ,Z-Sch. used by the Pre-Dispatch Scheduling algorit...
	4.3.7.24 (,PPreXTLViolPrc-z,t,i., ,QPreXTLViolPrc-z,t,i.) for i ∈ {1,..,,N-,PreXTLViol-z,t..} designates the price-quantity segments of the penalty curve for exceeding the flow limit specified by z ∈ ,Z-Sch. used by the Pre-Dispatch Pricing algorithm ...
	4.3.7.25 (,PNIUViolSch-t,i.,,QNIUViolSch-t,i.) for i  ∈ {1,..,,N-,NIUViol-t..} designates the price-quantity segments of the penalty curve for exceeding the time-step t net interchange increase constraint between time-steps (t-1) and t used by the Pre...
	4.3.7.26 (,PNIUViolPrc-t,i.,,QNIUViolPrc-t,i.) for i  ∈ {1,..,,N-,NIUViol-t..} designates the price-quantity segments of the penalty curve for exceeding the time-step t net interchange increase constraint between time-steps (t-1) and t used by the Pre...
	4.3.7.27 (,PNIDViolSch-t,i.,,QNIDViolSch-t,i.) for i  ∈ {1,..,,N-,NIDViol-t..} designates the price-quantity segments of the penalty curve for exceeding the time-step t net interchange decrease constraint between time-steps (t-1) and t used by the Pre...
	4.3.7.28 (,PNIDViolPrc-t,i.,,QNIDViolPrc-t,i.) for i  ∈ {1,..,,N-,NIDViol-t..} designates the price-quantity segments of the penalty curve for exceeding the time-step t net interchange decrease constraint between time-steps (t-1) and t used by the Pre...
	4.3.7.29 (,PMaxDelViolSch-t,i.,,QMaxDelViolSch-t,i.) for i  ∈ {1,..,,N-,MaxDelViol-t..} designates the price-quantity segments of the penalty curve for exceeding a resource’s maximum daily energy limit used by the Pre-Dispatch Scheduling algorithm in ...
	4.3.7.30 (,PMaxDelViolPrc-t,i.,,QMaxDelViolPrc-t,i.) for i  ∈ {1,..,,N-,MaxDelViol-t..} designates the price-quantity segments of the penalty curve for exceeding a resource’s maximum daily energy limit used by the Pre-Dispatch Pricing algorithm in sec...
	4.3.7.31 (,PMinDelViolSch-t,i.,,QMinDelViolSch-t,i.) for i  ∈ {1,..,,N-,MinDelViol-t..} designates the price-quantity segments of the penalty curve for under-scheduling a resource’s minimum daily energy limit used by the Pre-Dispatch Scheduling algori...
	4.3.7.32 (,PMinDelViolPrc-t,i.,,QMinDelViolPrc-t,i.) for i  ∈ {1,..,,N-,MinDelViol-t..} designates the price-quantity segments of the penalty curve for under-scheduling a resource’s minimum daily energy limit used by the Pre-Dispatch Pricing algorithm...
	4.3.7.33 (,PSMaxDelViolSch-t,i.,,QSMaxDelViolSch-t,i.) for i  ∈ {1,..,,N-S,MaxDelViol-t..} designate the price-quantity segments of the penalty curve for exceeding a shared maximum daily energy limit used by the Pre-Dispatch Scheduling algorithm in se...
	4.3.7.34 (,PSMaxDelViolPrc-t,i.,,QSMaxDelViolPrc-t,i.) for i  ∈ {1,..,,N-,MaxDelViol-t..} designate the price-quantity segments of the penalty curve for exceeding a shared maximum daily energy limit used by the Pre-Dispatch Pricing algorithm in sectio...
	4.3.7.35 (,PSMinDelViolSch-t,i.,,QSMinDelViolSch-t,i.) for i  ∈ {1,..,,N-S,MinDelViol-t..} designate the price-quantity segments of the penalty curve for under-scheduling a shared minimum daily energy limit used by the Pre-Dispatch Scheduling algorith...
	4.3.7.36 (,PSMinDelViolPrc-t,i.,,QSMinDelViolPrc-t,i.) for i  ∈ {1,..,,N-,SMinDelViol-t..} designate the price-quantity segments of the penalty curve for under-scheduling a shared minimum daily energy limit used by the Pre-Dispatch Pricing algorithm i...
	4.3.7.37 (,POGenLnkViolSch-t,i.,,QOGenLnkViolSch-t,i.) for i  ∈ {1,..,,N-,OGenLnkViol-t..} designate the price-quantity segments of the penalty curve for over generation on a downstream resource used by the Pre-Dispatch Scheduling algorithm in section...
	4.3.7.38 (,PUGenLnkViolSch-t,i.,,QUGenLnkViolSch-t,i.) for i  ∈ {1,..,,N-,UGenLnkViol-t..} designate the price-quantity segments of the penalty curve for under generation on a downstream resource used by the Pre-Dispatch Scheduling algorithm in sectio...
	4.3.7.39 NISLPen designates the net interchange scheduling limit constraint violation penalty price for locational marginal pricing.

	4.3.8 Price Bounds
	4.3.8.1 EngyPrcCeil designates and is equal to the maximum market clearing price for energy;
	4.3.8.2 EngyPrcFlr designates and is equal to the settlement floor price for energy;
	4.3.8.3 ORPrcCeil designates and is equal to the maximum operating reserve price for all classes of operating reserve; and
	4.3.8.4 ORPrcFlr designates the minimum price for all classes of operating reserve and is equal to $0.

	4.3.9 Ex-Ante Market Power Mitigation
	4.3.9.1 BCACondThresh designates the threshold for the congestion component of a resource’s locational marginal price for energy, above which the resource will meet the broad constrained area condition, and is equal to $25/MWh;
	4.3.9.2 IBPThresh designates the intertie border price threshold for energy and is equal to $100/MWh;
	4.3.9.3 ORGCondThresh designates the global market power condition threshold for a resource’s locational marginal price for operating reserve and is equal to $15/MW;
	4.3.9.4 ,PDGRef-t,b,k'. designates the reference level value for energy lamination k' ∈ ,K'-t,b-E. for the resource at bus b ∈ ,B-DG. in time-step t ∈ TS;
	4.3.9.5 ,P10SDGRef-t,b,k'. designates the reference level value for synchronized ten-minute operating reserve lamination k' ∈ ,K-t,b-'10S. for the resource at bus b ∈ ,B-DG. in time-step t ∈ TS;
	4.3.9.6 ,P10NDGRef-t,b,k'. designates the reference level value for non-synchronized ten-minute operating reserve lamination k' ∈ ,K'-t,b-10N. for the resource at bus b ∈ ,B-DG. in time-step t ∈ TS;
	4.3.9.7 ,P30RDGRef-t,b,k'. designates the reference level value for thirty-minute operating reserve lamination k' ∈ ,K'-t,b-30R. for the resource at bus b ∈ ,B-DG. in time-step t ∈ TS;
	4.3.9.8 ,P10SDLRef-t,b,j'. designates the reference level value for synchronized ten-minute operating reserve lamination j' ∈, J-t,b-'10S. for the resource at bus b ∈, B-DL. in time-step t ∈ TS;
	4.3.9.9 ,P10NDLRef-t,b,j'. designates the reference level value for non-synchronized ten-minute operating reserve lamination j' ∈ ,J-t,b-'10N. for the resource at bus b ∈ ,B-DL. in time-step t ∈ TS;
	4.3.9.10 ,P30RDLRef-t,b,j'. designates the reference level value for thirty-minute operating reserve lamination j' ∈, J-t,b-'30R. for the resource at bus b ∈, B-DG. in time-step t ∈ TS
	4.3.9.11 ,SUDGRef-t,b. designates the reference level value for the start-up offer for the resource at bus b ∈ ,B-NQS. in time-step t ∈ TS;
	4.3.9.12 ,SNLRef-t,b. designates the reference level value for the speed no-load offer for the resource at bus b ∈ ,B-NQS. in time-step t ∈ TS;
	4.3.9.13 ,𝑃𝐿𝑇𝑀𝐿𝑃𝑅𝑒𝑓-𝑡,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 time-step t ∈ TS;
	4.3.9.14 ,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%;
	4.3.9.15 ,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;
	4.3.9.16 ,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%;
	4.3.9.17 ,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%;
	4.3.9.18 ,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%;
	4.3.9.19 ,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;
	4.3.9.20 ,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%;
	4.3.9.21 ,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%;
	4.3.9.22 ,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 200300%;
	4.3.9.23 ,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;
	4.3.9.24 ,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%;
	4.3.9.25 ,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%;
	4.3.9.26 ,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%;
	4.3.9.27 ,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;
	4.3.9.28 ,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%;
	4.3.9.29 ,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%;
	4.3.9.30 ,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%;
	4.3.9.31 ,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;
	4.3.9.32 ,CTEnThresh1-ORL. designates the local marker power conduct thershold 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 res...
	4.3.9.33 ,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...
	4.3.9.34 ,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%;
	4.3.9.35 ,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%;
	4.3.9.36 ,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%;
	4.3.9.37 ,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;
	4.3.9.38 ,CTEnThresh1-ORG.  designates the global market power conduct thershold 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 ...
	4.3.9.39 ,CTEnThresh2-ORG. designates the global market power conduct thershold 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 resou...
	4.3.9.40 ,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%;
	4.3.9.41 ,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%;
	4.3.9.42 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;
	4.3.9.43 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;
	4.3.9.44 ,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...
	4.3.9.45 ,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...
	4.3.9.46 ,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...
	4.3.9.47 ,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...
	4.3.9.48 ,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...
	4.3.9.49 ,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...
	4.3.9.50 ,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...
	4.3.9.51 ,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 ...
	4.3.9.52 ,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...
	4.3.9.53 ,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 ...

	4.3.10 Weighting Factors for Zonal Prices
	4.3.10.1 ,WF-t,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 time-step t ∈ TS and is equal to the weighting factor used in the day-ahead market for the applicable h...
	4.3.10.2 ,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 time-step t ∈ TS. The weighting factors shall be obtained by renormalizing the load distribution factor...

	4.3.11 Day-Ahead Market Scheduled Intertie Transactions
	4.3.11.1 ,SIGT-t,d-DAM. designates the day-ahead market scheduled quantity of import energy for intertie zone source bus d ∈ DI in time-step t ∈ {4,..,,n-LAP.};
	4.3.11.2 ,S10NIGT-t,d-DAM. designates the day-ahead market scheduled quantity of non-synchronized ten-minute operating reserve for intertie zone source bus d ∈ DI in time-step t ∈ {4,..,,n-LAP.};
	4.3.11.3 ,S30RIGT-t,d-DAM. designates the day-ahead market scheduled quantity of thirty-minute operating reserve for intertie zone source bus d ∈ DI in time-step t ∈ {4,..,,n-LAP.};
	4.3.11.4 ,SXLT-t,d-DAM. designates the day-ahead market scheduled quantity of export energy for intertie zone sink bus d ∈ DX in time-step t ∈ {4,..,,n-LAP.};
	4.3.11.5 ,S10NXLT-t,d-DAM. designates the day-ahead market scheduled quantity of non-synchronized ten-minute operating reserve for intertie zone sink bus d ∈ DX in time-step t ∈ {4,..,,n-LAP.}; and
	4.3.11.6 ,S30RXLT-t,d-DAM. designates the day-ahead market scheduled quantity of thirty-minute operating reserve for intertie zone sink bus d ∈ DX  in time-step t ∈ {4,..,,n-LAP.}.

	4.3.12 Import Offers Without a Day-Ahead Market Schedule
	4.3.12.1 ,SIGT-t,d-EXTRA. designates the extra quantity of energy for import from  intertie zone source bus d ∈ DI  in time-step t ∈ {4,..,,n-LAP.} that may be considered for the purpose of reliability;
	4.3.12.2 ,S10NIGT-t,d-EXTRA. designates the extra quantity of non-synchronized ten-minute operating reserve for import from intertie zone source bus d ∈ DI in time-step t ∈ {4,..,,n-LAP.} that may be considered for the purpose of reliability; and
	4.3.12.3 ,S30RIGT-t,d-EXTRA. designates the extra quantity of thirty-minute operating reserve for import from intertie zone source bus d ∈ DI in time-step t ∈ {4,..,,n-LAP.} that may be considered for the purpose of reliability.

	4.4 Other Data Parameters
	4.4.1 Non-Dispatchable Demand Forecast
	4.4.1.1 ,FL-t. designates the total province-wide non-dispatchable demand forecast for time-step t ∈ TS calculated by the security assessment function.

	4.4.2 Internal Transmission Constraints
	4.4.2.1 ,PreConSF-t,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 time-step t under pre-contingency conditions;
	4.4.2.2 ,AdjNormMaxFlow-t,f. designates the limit corresponding to the maximum flow allowed on facility f in time-step t under pre-contingency conditions;
	4.4.2.3 ,SF-t,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 time-step t under post-contingency conditions for contingency c; and
	4.4.2.4 ,AdjEmMaxFlow-t,c,f. designates the limit corresponding to the maximum flow allowed on facility f in time-step t under post-contingency conditions for contingency c.

	4.4.3 Transmission Losses
	4.4.3.1 ,MglLoss-t,b. designates the marginal loss factor and represents the marginal impact on transmission losses resulting from transmitting energy from the reference bus to serve an increment of additional load at resource bus b ∈ B ∪ D in time-st...
	4.4.3.2 ,LossAdj-t. designates any adjustment needed for time-step t ∈ TS 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...


	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 pre-dispatch calculation engine described in section 2.2.1 above.
	5.2 Reference Bus
	5.2.1 The IESO shall use Richview Transformer Station as the pre-dispatch 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 pre-dispatch 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 time-step t ∈ TS, each variable generation resource bus b ∈, B-VG. and each offer lamination ,k ∈ K-t,b-E., the offer price ,PDG-t,b,k. shall be modified to ,PDG-t,b,k. - ,,,TBM-t,b.-,NumVG-t... ρ, where ρ is a small nominal value of or...
	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 15.
	5.6 Dispatch Data Across Two Dispatch Days
	5.6.1 If the pre-dispatch look-ahead period spans two dispatch days, then the pre-dispatch calculation engine shall set the parameters below as follows:
	5.6.1.1 LNKC, which designates the linked dispatchable hydroelectric generation resources and is defined by:
	LNKC =  ,,, LNK-tod.              if DAYS = {tod}           -,LNK-tom.             if DAYS = {tod,tom}...
	5.6.1.2 ,LagC-,b-1.,,b-2.., which designates the time lag between dispatchable hydroelectric generation resources (,b-1.,,b-2.) ∈ LNKC and is defined by:
	,LagC-,b-1.,,b-2..=,,,Lag-tod,,b-1.,,b-2..              if DAYS ={tod}           -,Lag-tom,,b-1.,,b-2..             if DAYS = {tod,tom}...
	5.6.1.3 ,MWhRatioC-,b-1.,,b-2.., which designates the MWh ratio for dispatchable hydroelectric generation resources (,b-1.,,b-2.) ∈ LNKC and is defined by:
	,MWhRatioC-,b-1.,,b-2.. = ,,,MWhRatio-,tod,b-1.,,b-2..              if DAYS ={tod}           -,MWhRatio-,tom,b-1.,,b-2..             if DAYS = {tod,tom}...
	5.6.1.4 ,MinQDGC-b., which designates the minimum loading point for dispatchable generation resource b ∈ ,B-DG. and, subject to section 5.6.2, is defined by:
	,𝑀𝑖𝑛𝑄𝐷𝐺𝐶-𝑏. = ,,,MinQDG-tod,b.              if DAYS = {tod}          -,MinQDG-tom,b.             if DAYS = {tod,tom}...
	5.6.1.5 ,MGBRTDGC-b., which designates the minimum generation block run time for non-quick start resource b ∈ ,B-NQS. and, subject to section 5.6.2, is defined by:
	,MGBRTDGC-b .= ,,,MGBRTDG-tod,b.              if DAYS ={tod}           -,MGBRTDG-tom,b.             if DAYS = {tod,tom}...
	5.6.1.6 ,MGBDTDGC-b-m., which designates the minimum generation block down time for non-quick start resource b ∈ ,B-NQS. for thermal state m ∈ THERM and is defined by:
	,MGBDTDGC-b-m .= ,,,MGBDTDG-tod,b-m.              if DAYS ={tod}           -,MGBDTDG-tom,b-m.             if DAYS = {tod,tom}...
	5.6.1.7 ,LTC-b-m., which designates the lead time for non-quick start resource b ∈ ,B-NQS. for thermal state m ∈ THERM and is defined by
	5.6.1.8 ,RampHrsC-b-m., which designates the ramp hours to minimum loading point for a non-quick start resource b ∈ ,B-NQS. for thermal state m ∈ THERM and is defined by:
	,RampHrsC-b-m. = ,,,RampHrs-tod,b-m.              if DAYS = {tod}           -,RampHrs-tom,b-m.             if DAYS = {tod,tom}...
	5.6.1.9 ,RampEC-b,w-m. for w ∈ {1,..,,RampHrsC-b-m.}, which designates the ramp up energy to minimum loading point for a non-quick start resource b ∈ ,B-NQS. for thermal state m ∈ THERM and is defined by:
	,𝑅𝑎𝑚𝑝𝐸𝐶-𝑏,𝑤-𝑚.=,,,𝑅𝑎𝑚𝑝𝐸-𝑡𝑜𝑑,𝑏,𝑤-𝑚.              𝑖𝑓 𝐷𝐴𝑌𝑆 ={𝑡𝑜𝑑}           -,𝑅𝑎𝑚𝑝𝐸-𝑡𝑜𝑚,𝑏,𝑤-𝑚.             𝑖𝑓 𝐷𝐴𝑌𝑆 = {𝑡𝑜𝑑,𝑡𝑜𝑚}...
	5.6.1.10 ,RampCTC-b,w-m. for w ∈ {1,..,,RampHrsC-b-m.}, which designates the ramp up energy to minimum loading point for the combustion turbine associated with the pseudo-unit at bus b ∈ ,B-PSU. for thermal state m ∈ THERM and is defined by:
	,RampCTC-b,w-m.=,,,RampCT-tod,b,w-m.              if DAYS ={tod}           -,RampCT-tom,b,w-m.             if DAYS = {tod,tom}...
	5.6.1.11 ,RampSTC-b,w-m. for w ∈ {1,..,,RampHrsC-b-m.}, which designates the ramp up energy to minimum loading point for the steam turbine portion of the pseudo-unit at bus b ∈ ,B-PSU. for thermal state m ∈ THERM and is defined by:
	,RampSTC-b,w-m. = ,,,RampST-tod,b,w-m.              if DAYS ={tod}           -,RampST-tom,b,w-m.             if DAYS = {tod,tom}...

	5.6.2 If a non-quick start resource receives a commitment prior to the 20:00 EST pre-dispatch calculation engine run but that commitment is not yet complete, then:
	5.6.2.1 ,MinQDG-tod,b. and ,MGBRTDG-tod,b. shall continue to be applied until the commitment is complete; and
	5.6.2.2 ,MinQDG-tom,b. and ,MGBRTDG-tom,b. shall be applied for any new commitments made in the 20:00 EST pre-dispatch calculation engine run or later.

	5.6.3 For all other daily dispatch data, except the single-cycle mode flag determined in section 15.5, the current day value shall be used for all dispatch hours in the current dispatch day and the next day value shall be used for all dispatch hours i...
	5.7 Start-Up Offers for Non-Quick Start Resource Advancements
	5.7.1 The pre-dispatch calculation engine shall use start-up offers for non-quick start resources with a day-ahead operational commitment as follows:
	5.7.1.1 If the time-step t in the set of hours preceding the start-up time ,t-DAM. ∈ ,TSC-b. of a day-ahead operational commitment in day q ∈ DAYS  are such that t ∈ {max(,t-DAM.-,(MGBRTDG-q,b.  +  ,MGBDTDG-q,b-HOT.), 2),…,,t-DAM.}, then:
	If ,SUDG-t,b-m. ≥ ,SUDG-t,b-DAM., then set ,SUAdjDG-t,b-m. = ,SUDG-t,b-m.
	If ,SUDG-t,b-m. <, SUDG-t,b-DAM., then set ,SUAdjDG-t,b-m. = ,SUDG-t,b-DAM.
	5.7.1.2 If the time-step t in the set of hours preceding the start-up time ,t-DAM. ∈ ,TSC-b. of a day-ahead operational commitment in day q ∈ DAYS  are offersuch that t ∉ {max(,t-DAM.-,(MGBRTDG-q,b.  +  ,MGBDTDG-q,b-HOT.), 2),…,,t-DAM.}, then:
	,SUAdjDG-t,b-m. = ,SUDG-t,b-m.

	5.8 Non-Quick Start Resource First Time-Step Available to Start
	5.8.1 The pre-dispatch calculation engine shall determine the first time-step a non-quick start resource can be scheduled to its minimum loading point as follows:
	5.8.1.1 For a non-quick start resource at bus b ∈ ,B-NQS. that has not been scheduled at or above its minimum loading point for ,InitDownHrs-b. hours:
	5.8.1.1.1 If 0 ≤ ,InitDownHrs-b. + t −1 ≤ ,MGBDTDGC-b-HOT., then the resource cannot be scheduled to reach minimum loading point in time-step t ∈ TS;
	5.8.1.1.2 If ,InitDownHrs-b. + ,LTC-b-HOT. + 1 ≤ ,MGBDTDGC-b-WARM., then a lead time of ,LTC-b-HOT. will be applied and the resource can be scheduled to its minimum loading point in time-step t ∈ TS only if t ≥ ,LTC-b-HOT. + 2;
	5.8.1.1.3 If ,InitDownHrs-b. + ,LTC-b-WARM. + 1 ≤ ,MGBDTDGC-b-COLD., then a lead time of ,LTC-b-WARM. will be applied and the resource can be scheduled to its minimum loading point in time-step t ∈ TS only if t ≥ ,LTC-b-WARM. + 2; and
	5.8.1.1.4 If a lead time of ,LTC-b-COLD. will be applied and the resource can be scheduled to its minimum loading point in time-step t ∈ TS only if t ≥ ,LTC-b-COLD. + 2.

	5.9  Initial Scheduling Assumptions
	5.9.1 Initial Schedules
	5.9.1.1 The following parameters designate the initial energy schedules used for time-step 1 of the pre-dispatch look-ahead period and shall be based on the values determined by the IESO’s energy management system for internal resources and the most r...
	5.9.1.1.1 ,SDL-1,b,j. designates the amount of  energy that a dispatchable load is scheduled to consume at bus b ∈ ,B-DL.;
	5.9.1.1.2 ,SHDR-1,b,j. designates the amount of energy an hourly demand response resource is scheduled to reduce consumption at bus b ∈ ,B-HDR.;
	5.9.1.1.3 ,SXL-1,d,j. designates the amount of energy a bounday entity resource is scheduled to export at bus d ∈ DX;
	5.9.1.1.4 ,SDG-1,b,k. designates the amount of energy that a dispatchable generation resource is scheduled to provide at bus b ∈ ,B-DG.;
	5.9.1.1.5 ,SCT-1,b. designates the schedule of the combustion turbine associated with the pseudo-unit at bus b ∈ ,B-PSU.;
	5.9.1.1.6 ,SST-1,p. designates the schedule of steam turbine p ∈ PST;
	5.9.1.1.7 ,SIG-1,d,k. designates the amount of energy that a boundary entity resource is scheduled to import from intertie zone source bus d ∈ DI;
	5.9.1.2 The initial schedules for non-quick start resources shall be determined to align with the commitment status logic described in section 5.9.2.

	5.9.2 The following parameters designate initial commitment status, number of hours in operation and number of hours down for time-step 1 of the pre-dispatch look-ahead period:
	5.9.2.1 ,ODG-1,b. designates whether the dispatchable generation resource at bus b ∈ ,B-NQS. has been scheduled at or above its minimum loading point in time-step 1, where ,ODG-1,b. shall be set to ,ODG-2,b. from the previous pre-dispatch calculation ...
	5.9.2.2 ,InitOperHrs-b. designates the number of consecutive hours at the end of time-step 1 for which the resource at bus b ∈ ,B-NQS. has been, and is anticipated to be, operating at or above its minimum loading point. For resources with ,ODG-1,b. = ...
	5.9.2.3 ,InitDownHrs-b. designates the number of consecutive hours at the end of time-step 1 for which the resource at bus b ∈ ,B-NQS. has not been, and is not anticipated to be, operating at or above its minimum loading point. For resources with ,ODG...

	5.9.3 Initial Net Interchange Schedule
	5.9.3.1 The initial net interchange schedule value shall be the difference between all imports to Ontario and all exports from Ontario for time-step 1. By default, this value will be based on fixed schedules for imports and exports from the real-time ...

	5.9.4 Number of Starts for Non-Quick Start Resources
	5.9.4.1 ,NumStarts-b. designates the number of starts the resource at bus b ∈ ,B-NQS. has incurred in the current dispatch day, plus any anticipated starts in time-step 1.

	5.9.5 Number of Starts for Hydroelectric Resources
	5.9.5.1 ,NumStartsHE-b. designates the number of starts the resource at bus b ∈ ,B-HE. has incurred in the current dispatch day, plus any anticipated starts in time-step 1.

	5.9.6 Cumulative Energy Production for Energy Limited Resources and Dispatchable Hydroelectric Resources
	5.9.6.1 ,EngyUsed-b. designates the energy already provided by the resource at bus b ∈ ,B-ELR. ∪ ,B-HE. in the current dispatch day, plus the energy scheduled in time-step 1; and
	5.9.6.2 ,EngyUsedSHE-s. designates the energy already provided in the current dispatch day by all resources sharing a maximum daily energy limit or minimum daily energy limit in set s ∈ SHE plus the energy scheduled in time-step 1.

	5.9.7 Past Hourly Production for Linked Hydroelectric Resources
	5.9.7.1 For linked hydroelectric resources, the past hourly energy production of upstream resources shall be used to schedule downstream resources for time-steps in the pre-dispatch look-ahead period within the time lag. These past hourly production s...
	5.9.7.2 The schedules of downstream resources linked to time-step 1 upstream resource schedules shall be pre-determined based on the average value of the upstream resource advisory schedules from the last real-time calculation engine run that successf...


	6 Security Assessment Function in the Pre-Dispatch Calculation Engine
	6.1 Interaction between the Security Assessment Function and Optimization Functions
	6.1.1 The scheduling and pricing algorithms of the pre-dispatch 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 s...
	6.1.2 As multiple iterations are performed, the transmission constraints produced by the security assessment function shall be used by the optimization functions.
	6.1.3 The security assessment function shall use the physical resource representation of combined cycle facilities that are registered as pseudo-units.
	6.2 Inputs into the Security Assessment Function
	6.2.1 The security assessment function shall use the following inputs:
	6.2.1.1 the IESO demand forecasts; and
	6.2.1.2 applicable IESO-controlled grid information pursuant to section 3A.1 of Chapter 7.

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

	6.3 Security Assessment Function Processing
	6.3.1 The security assessment function shall determine the province-wide non-dispatchable demand forecast for time-step t, ,FL-𝑡., as follows:
	6.3.1.1 determine forecast MW quantities for all load resources and losses using the IESO demand forecasts for demand forecast areas, load distribution factors, and the total of the bid quantities submitted for virtual hourly demand response resources...
	6.3.1.2 determine ,FL-𝑡. by adding the forecast MW quantities determined for each non-dispatchable load, each price responsive load, and each dispatchable load with no bid, including forecast MW losses in the demand forecast areas.

	6.3.2 The security assessment function shall perform the following calculations and analyses:
	6.3.2.1 A base case solution function shall prepare a power flow solution for each time-step. The base case solution function shall select the power system model state applicable to the forecast of conditions for the time-step and input schedules.
	6.3.2.2 The base case solution function shall use an AC power flow analysis. If the AC power flow analysis fails to converge, the base case solution function shall use a non-linear DC power flow analysis. If the non-linear DC power flow analysis fails...
	6.3.2.3 If the AC or non-linear DC power flow analysis converges, continuous thermal limits for all monitored equipment and operating security limits shall be monitored to check for pre-contingency limit violations.
	6.3.2.4 Violated pre-contingency limits shall be linearized using pre-contingency sensitivity factors and incorporated as constraints for use by the optimization functions.
	6.3.2.5 If the linear DC power flow analysis is used, the pre-contingency security assessment may develop linear constraints to facilitate the convergence of the AC or non-linear DC power flow analysisin the subsequent iterations.
	6.3.2.6 A linear power flow analysis shall be used to simulate contingencies, calculate post-contingency flows and check all monitored equipment for limited-time thermal limit violations.
	6.3.2.7 Violated post-contingency limits shall be linearized using post-contingency sensitivity factors and incorporated as constraints for use by the optimization functions.
	6.3.2.8 The base case solution shall be used to calculate Ontario transmission system losses, marginal loss factors and loss adjustment for each time-step. The impact of losses on branches between the resource bus and the resource connection point to ...
	6.3.2.9 The Pre-Dispatch Scheduling and the Reference Level Scheduling algorithms described in sections 8 and 12, respectively, shall use the marginal loss factors for each time step calculated by the security assessment function.
	6.3.2.10 The Pre-Dispatch Pricing and Reference Level Pricing algoritms described in sections 9 and 13, respectively, shall use the marginal loss factors used in the last iteration of the optimization function in the corresponding scheduling algorithm.

	6.4 Outputs from the Security Assessment Function
	6.4.1 The outputs of the security assessment function used in the optimization functions include the following:
	6.4.1.1 a set of linearized constraints for all violated pre-contingency and post-contingency limits for each time-step. The sensitivities and limits associated with the constraints shall be those provided by the most recent security assessment functi...
	6.4.1.2 pre-contingency and post-contingency sensitivity factors for each time step;
	6.4.1.3 the marginal loss factors as described in sections 6.3.2.8 - 6.3.2.10; and
	6.4.1.4 loss adjustment quantity for each time-step.


	7 Pass 1: Pre-Dispatch Scheduling Process
	7.1.1 Pass 1 shall use market participant and IESO inputs and resource and system constraints to determine a set of resource schedules, commitments and locational marginal prices. Pass 1 shall consist of the following algorithms and tests:
	 the Pre-Dispatch Scheduling algorithm described in section 8;
	 the Pre-Dispatch Pricing algorithm described in section 9;
	 the Constrained Area Conditions Test described in section 10;
	 the Conduct Test described in section 11;
	 the Reference Level Scheduling algorithm described in section 12;
	 the Reference Level Pricing algorithm described in section 13; and
	 the Price Impact Test described in section 14.


	8 Pre-Dispatch Scheduling
	8.1 Purpose
	8.1.1 The Pre-Dispatch 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, subject to section 14.7.1.3, to meet t...
	8.2 Information, Sets, Indices and Parameters
	8.2.1 Information, sets, indices and parameters used by the Pre-Dispatch Scheduling algorithm are described in sections 3 and 4.
	8.3 Variables and Objective Function
	8.3.1 The Pre-Dispatch Scheduling algorithm shall solve for the following variables:
	8.3.1.1 ,SDL-t,b,j. , which designates the amount of  energy that a dispatchable load is scheduled to consume at bus b ∈ ,B-DL. in time-step t ∈ TS in association with lamination j ∈ ,J-t,b-E.;
	8.3.1.2 ,S10SDL-t,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 time-step t ∈ TS in association with lamination j ∈ ,J-t,b-10S.;
	8.3.1.3 ,S10NDL-t,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 time-step t ∈ TS in association with lamination j ∈ ,J-t,b-10N.;
	8.3.1.4 ,S30RDL-t,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 time-step t ∈ TS in association with lamination j ∈ ,J-t,b-30R.;
	8.3.1.5 ,SHDR-t,b,j. , which designates the amount of energy reduction scheduled for an hourly demand response resource at bus b ∈ ,B-HDR. in time-step t ∈ TS in association with lamination j ∈ ,J-t,b-E.;
	8.3.1.6 ,SXL-t,d,j. , which designates the amount of energy a boundary entity resource is scheduled to export at bus d ∈ DX in time-step t ∈ TS in association with lamination j ∈ ,J-t,d-E.;
	8.3.1.7 ,S10NXL-t,d,j. , which designates the amount of non-synchronized ten-minute operating reserve that a boundary entity resource is scheduled to provide at bus d ∈ DX in time-step t ∈ TS in association with lamination j ∈ ,J-t,d-10N.;
	8.3.1.8 ,S30RXL-t,d,j. , which designates the amount of thirty-minute operating reserve   that a boundary entity resource is scheduled to provide bus d ∈ DX in time-step t ∈ TS in association with lamination j ∈ ,J-t,d-30R.;
	8.3.1.9 ,SNDG-t,b,k. , which designates the amount of energy that a non-dispatchable generation resource is scheduled to provide at bus b ∈ ,B-NDG. in time-step t ∈ TS in association with lamination k ∈ ,K-t,b-E.;
	8.3.1.10 ,SDG-t,b,k. , which designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDGC-b. at bus b ∈ ,B-DG. in time-step t ∈ TS in association with lamination ,k ∈ K-t,b-E.;
	8.3.1.11 ,ODG-t,b. , which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. has been scheduled at or above its minimum loading point in time-step t ∈ TS;
	8.3.1.12 ,IDG-t,b. , which designates whether the dispatchable generation resource at bus b ∈ ,B-DG. has been scheduled to reach its minimum loading point in time-step t ∈ TS;
	8.3.1.13 ,S10SDG-t,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 time-step t ∈ TS in association with lamination k ∈ ,K-t,b-10S.;
	8.3.1.14 ,S10NDG-t,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 time-step t ∈ TS in association with lamination k ∈ ,K-t,b-10N.;
	8.3.1.15 ,S30RDG-t,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 time-step t ∈ TS  in association with lamination k ∈ ,K-t,b-30R.;
	8.3.1.16 ,SCT-t,b. , which designates the schedule of the combustion turbine associated with the pseudo-unit at bus b ∈ ,B-PSU. in time-step t ∈ TS;
	8.3.1.17 ,SST-t,p. , which designates the schedule of steam turbine p ∈ PST in time-step t ∈ TS;
	8.3.1.18 ,O10R-t,b. , which designates whether the pseudo-unit at bus b ∈ ,B-NO10DF. has been scheduled for ten-minute operating reserve in time-step t ∈ TS;
	8.3.1.19 ,OHO-t,b. , which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-t,b. in time-step t ∈ TS;
	8.3.1.20 ,OFR-t,b,i. for i ∈ {1,..,,NFor-q,b.} , which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or below ,ForL-q,b,i., or, at or above ,ForU-q,b,i. in time-step t ∈ TS;
	8.3.1.21 ,IHE-t,b,i. , which designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. registered a start between time-step (t−1) and t as a result of its schedule increasing from below ,StartMW-b,i. to at or above ,Start...
	8.3.1.22 ,SIG-t,d,k. , which designates the amount of energy that a boundary entity resource is scheduled to import from intertie zone source bus d ∈ DI in time-step t ∈ TS in association with lamination k ∈ ,K-t,d-E.;
	8.3.1.23 ,S10NIG-t,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 source bus d ∈ DI in time-step t ∈ TS in association with lamination k ∈ ...
	8.3.1.24 ,S30RIG-t,d,k. , which designates the amount of thirty-minute operating reserve that a boundary entity resource is scheduled to provide from intertie zone source bus d ∈ DI in time-step t ∈ TS in association with lamination k ∈ ,K-t,d-30R.;
	8.3.1.25 ,TB-t. , which designates any adjustment to the objective function to facilitate pro-rata tie-breaking in time-step t ∈ TS, as described in section 8.3.2.1; and
	8.3.1.26 ,ViolCost-t. , which designates the cost incurred in order to avoid having the schedules violate constraints in time-step t ∈ TS, as described in section 8.3.2.3.

	8.3.2 The objective function for the Pre-Dispatch Scheduling algorithm shall maximize gains from trade by maximizing the following expression:
	8.3.2.1 The tie-breaking term ,TB-t. 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 m...
	8.3.2.2 ,ViolCost-t.  shall be calculated for time-step t ∈ TS using the following variables:
	8.3.2.2.1 ,SLdViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,LdViol-t..} of the penalty curve for the energy balance constraint allowing under-generation;
	8.3.2.2.2 ,SGenViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,GenViol-t..} of the penalty curve for the energy balance constraint allowing over-generation;
	8.3.2.2.3 ,S10SViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,10SViol-t..} of the penalty curve for the synchronized ten-minute operating reserve requirement;
	8.3.2.2.4 ,S10RViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,10RViol-t..} of the penalty curve for the total ten-minute operating reserve requirement;
	8.3.2.2.5 ,S30RViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,30RViol-t..} of the penalty curve for the thirty-minute operating reserve requirement and, when applicable, the flexibility operating reserve requ...
	8.3.2.2.6 ,SREG10RViol-r,t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,REG10RViol-t..} 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,t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,REG30RViol-t..} 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,t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,XREG10RViol-t..} 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,t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,XREG30RViol-t..} 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,t,i. , which designates the violation variable affiliated with segment I ∈ {1,..,,N-,PreITLViol-f,t..} of the penalty curve for violating the pre-contingency transmission limit for facility f ∈ F;
	8.3.2.2.11 ,SITLViol-c,f,t,i. , which designates the violation variable affiliated with segment I ∈ {1,..,,N-,ITLViol-c,f,t..} 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,t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,PreXTLViol-z,t..} of the penalty curve for violating the import/export limit affiliated with intertie limit constraint z ∈ ,Z-Sch.;
	8.3.2.2.13 ,SNIUViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,NIUViol-t..} of the penalty curve for exceeding the net interchange increase limit between time-steps (t-1) and t;
	8.3.2.2.14 ,SNIDViol-t,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,NIDViol-t..} of the penalty curve for exceeding the net interchange decrease limit between time-steps (t-1) and t;
	8.3.2.2.15 ,SMaxDelViol-t,b,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,MaxDelViol-t..} 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-t,b,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,MinDelViol-t..} 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-t,s,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,SMaxDelViol-t..} of the penalty curve for exceeding the shared maximum daily energy limit constraint for dispatchable hydroelectric generat...
	8.3.2.2.18 ,SSMinDelViol-t,s,i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,SMinDelViol-t..} of the penalty curve for violating the shared minimum daily energy limit constraint for dispatchable hydroelectric generat...
	8.3.2.2.19 ,SOGenLnkViol-,t,(b-1.,,b-2.),i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,OGenLnkViol-t..} of the penalty curve for violating the linked dispatchable hydroelectric generation resources constraint by ov...
	8.3.2.2.20 ,SUGenLnkViol-,t,(b-1.,,b-2.),i. , which designates the violation variable affiliated with segment i ∈ {1,..,,N-,UGenLnkViol-t..} of the penalty curve for violating the linked dispatchable hydroelectric generation resources constraint by un...
	8.3.2.3 ,ViolCost-t. shall be calculated as follows:

	8.4 Constraints
	8.4.1 The constraints described in sections 8.5 – 8.7 apply to the optimization function in the Pre-Dispatch 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-t,b. indicates whether the resource at bus b ∈ ,B-DG. is committed in time-step t ∈ TS. A value of zero indicates that a resource is not committed, while a value of one indicates that it is committed. Therefore:
	,ODG-t,b. ∈ {0,1} for all time-steps t ∈ TS and all buses b ∈ ,B-DG..
	8.5.1.2 Reliability must-run resources are 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 time-step t ∈ TS then:
	,ODG-t,b. = 1
	8.5.1.6 No schedule shall be negative, nor shall any schedule exceed the quantity offered for the respective energy and operating reserve market. Therefore:
	8.5.1.7 Generation resources may be scheduled for energy and/or operating reserve only if their commitment status is equal to 1. Therefore, for all time-steps t ∈ TS:

	8.5.2 Resource Minimums and Maximums for Energy
	8.5.2.1 A constraint shall limit schedules for dispatchable loads within their minimum and maximum consumption for a time-step. For all time-steps t ∈ TS and all buses b ∈ ,B-DL.:
	8.5.2.2 The non-dispatchable portion of a dispatchable load shall always be scheduled. For all time-steps t ∈ TS and all buses b ∈ ,B-DL.:
	8.5.2.3 A constraint shall limit schedules for non-dispatchable generation resources within their minimum and maximum output for a time-step. For all time-steps t ∈ TS and all buses b ∈ ,B-NDG.:
	8.5.2.4 A constraint shall limit schedules for dispatchable generation resources within their minimum and maximum output for a time-step.For a dispatchable variable generation resource, the maximum schedule shall be limited by its forecast. That is:
	For all time-steps t ∈ TS and all buses b ∈ ,B-DG.,
	For all time-steps t ∈ TS and all buses b ∈ ,B-DG.:
	8.5.2.5 If the commitment status, ,ODG-t,b. , of a dispatchable generation resource is equal to 1 and if this status is inconsistent with the adjusted minimum and maximum constraints, ,MinQDGC-b. >, AdjMaxDG-t,b., then the commitment status value, ,OD...
	8.5.2.6 If the total offered quantity does not exceed the minimum, ,MinQDGC-b. + ,,k∈K-t,b-E.-,QDG-t,b,k..<, AdjMinDG-t,b., then the resource shall receive a schedule of zero.
	8.5.2.7 Minimum and maximum limits placed on hourly demand response resource schedules for the purposes of reflecting activation/non-activation decisions shall be respected. For all time-steps t ∈ TS and all buses b ∈ ,B-HDR.:

	8.5.3 Off-Market Transactions
	8.5.3.1 For all time-steps t ∈ TS and all intertie zone buses corresponding to an inadvertent energy payback export transaction d ∈ ,DX-t-INP.:
	8.5.3.2 For all time-steps t ∈ TS and all intertie zone buses corresponding to an inadvertent energy payback import transaction d ∈ ,DI-t-INP.:
	8.5.3.3 For all time-steps t ∈ TS and all intertie zone buses corresponding to an emergency energy export d ∈ ,DX-t-EM.:
	8.5.3.4 For all time-steps t ∈ TS and all intertie zone buses corresponding to emergency energy import d ∈ ,DI-t-EM.:

	8.5.4 Intertie Minimum and Maximum Constraints
	8.5.4.1 A constraint shall limit export schedules beyond the first two forecast hours of the pre-dispatch look-ahead period to the corresponding day-ahead market schedules for export transactions, subject to Chapter 7, section 5.2.2. For time-step t ∈...
	8.5.4.2 Import offers with no day-ahead market schedule may be evaluated beyond the first two forecast hours of the look-ahead period for the purpose of reliability.
	8.5.4.3 A constraint shall limit import schedules beyond the first two forecast hours of the pre-dispatch look-ahead period to the corresponding day-ahead market schedules for import transactions plus any additional offered quantities permitted for re...
	8.5.4.4 A constraint shall limit intertie schedules as a result of intertie curtailments. For intertie zone sink bus d ∈ DX  and time-step t ∈ TS:
	8.5.4.4.1 For intertie zone source bus d ∈ DI and time-step t ∈ TS:

	8.5.5 Operating Reserve Requirements
	8.5.5.1 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:
	8.5.5.1.1 the dispatchable load’s ramp capability over 30 minutes;
	8.5.5.1.2 the total scheduled load less the non-dispatchable portion; and
	8.5.5.1.3 the remaining portion of its capacity that is dispatchable after considering minimum load consumption constraints.
	8.5.5.1.4 These restrictions shall be enforced by the following constraints for all time-steps t ∈ TS and all buses b ∈ ,B-DL.:
	8.5.5.2 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 ...
	8.5.5.3 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 all time-steps t...
	8.5.5.4 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...
	8.5.5.5 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...
	8.5.5.6 The amount of synchronized ten-minute operating reserve that a dispatchable generation resource is scheduled to provide shall be limited by its reserve loading point for synchronized ten-minute operating reserve. This restriction shall be enfo...
	8.5.5.7 The amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to provide shall be limited by its reserve loading point for thirty-minute operating reserve. This restriction shall be enforced by the followin...
	8.5.5.8 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...

	8.5.6 Pseudo-Units
	8.5.6.1 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 15. For all time-steps t ∈ TS and ps...
	and for all time-steps t ∈ TS and steam turbines p ∈ PST:
	8.5.6.2 Maximum constraints shall be enforced on the operating region to which they apply for both energy and operating reserve schedules. For all time-steps t ∈ TS and pseudo-unit buses b ∈ ,B-PSU.:
	8.5.6.3 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...
	8.5.6.3.1 For all time-steps t ∈ TS, pseudo-unit buses b ∈ ,B-NO10DF., and laminations k ∈ ,K-t,b-10S.:
	,S10SDG-t,b,k. ≤ ,O10R-t,b.∙,Q10SDG-t,b,k..
	8.5.6.3.2 For all time-steps t ∈ TS, pseudo-unit buses b ∈ ,B-NO10DF., and laminations k ∈ ,K-t,b-10N.:
	,S10NDG-t,b,k. ≤ ,O10R-t,b.∙,Q10NDG-t,b,k..
	8.5.6.4 For the purposes of the energy balance constraint in section 8.7.1 and the transmission constraints in section 8.7.3, the combustion turbine schedule for the pseudo-unit at bus b ∈ ,B-PSU. in in time-step t ∈ TS will be equal to:
	8.5.6.4.1 ,SCT-t,b. if the pseudo-unit is scheduled at or above minimum loading point;
	8.5.6.4.2 ,RampCTC-b,w-m. if the pseudo-unit is scheduled to reach minimum loading point in thermal state m ∈ THERM in time-step t + w for w ∈ {1,..,,RampHrsC-b-m.}; or
	8.5.6.4.3 0 otherwise.
	8.5.6.5 For the purposes of the energy balance constraint in section 8.7.1 and the transmission constraints in section 8.7.3, the steam turbine schedule for p ∈ PST shall be equal to ,SST-h,p. plus any contribution from pseudo-unit 𝑏∈,𝐵-𝑝-𝑆𝑇. ram...

	8.5.7 Dispatchable Hydroelectric Generation Resources
	8.5.7.1 A dispatchable hydroelectric generation resource shall be scheduled to at least its hourly must-run quantity. For all time-steps t ∈ TS and dispatchable hydroelectric generation resource buses b ∈ ,B-HE.:
	8.5.7.2 A dispatchable hydroelectric generation resource shall either be scheduled to 0 or to at least its minimum hourly output. For all time-steps t ∈ TS and all hydroelectric generation resource buses b ∈ ,B-HE.:
	8.5.7.3 A dispatchable hydroelectric generation resource shall not be scheduled within its forbidden regions. For dispatch days q ∈ DAYS, all time-steps t ∈ TS in dispatch day q, all dispatchable hydroelectric generation resource buses b ∈ ,B-HE. and ...

	8.5.8 Wheeling Through Transactions
	8.5.8.1 The amount of scheduled export energy must be equal to the amount of scheduled import energy for wheeling through transactions. For all time-steps t ∈ TS and all linked boundary entity resource buses (dx,di) ∈ ,L-t.:

	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 dispatchable g...
	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-𝑡,𝑏,𝑤. and uses ,DRRDG-b. to represent a ramp down rate selected from ,𝐷𝑅𝑅...
	8.6.1.3 The pre-dispatch 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 time-step 1 are obtained from the initial scheduling assumptions in section 5.9. For all time-steps t ∈ TS  the ramping rates in all ramping constraints shall be adjusted to allow the applicable re...
	8.6.1.3.1 ramp down from its lower limit in time-step (t −1) to its upper limit in time-step t; and
	8.6.1.3.2 ramp up from its upper limit in time-step (t −1) to its lower limit in time-step t.
	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 time-steps t ∈ TS 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 time-steps t ∈ TS and all buses b ∈ ,B-HDR.:
	8.6.1.7 Energy schedules for a dispatchable generation resource that is committed cannot vary by more than an hour’s ramping capability for the applicable resource. For all time-steps t ∈ TS and all buses b ∈ ,B-DG. :
	8.6.1.7.1 For the first hour a resource reaches its minimum loading point, where ,ODG-t,b.=1,,ODG-t-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-t,b.=1,,ODG-t-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-t,b.=1,,ODG-𝑡+1,𝑏.=0, the following constraint shall be applied:
	8.6.1.8 The first and third constraint in section 8.6.1.6 do not apply to a quick start resource.
	8.6.1.9 For time-steps where non-quick start resources are ramping up to minimum loading point, energy shall be scheduled for these resources 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 the their ramp capability to decrease load consumption and for all ...
	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 𝑛 is the time-step of the last start before or in time-step t; and
	where m is the time-step of the last shutdown in or after time-step t.

	8.6.3 Non-Quick Start Resources
	8.6.3.1 Schedules for a non-quick start resource shall not violate such resource’s minimum generation block run-times, minimum generation block down times and maximum number of starts per day.
	8.6.3.2 In the first forecast hour of the pre-dispatch look-ahead period, a resource’s current hours on shall determine any remaining minimum generation block run-time to enforce. If 0 < ,InitOperHrs-b. < ,MGBRTDG-tod,b., then the resource at bus b ∈ ...
	,ODG-2,b.,,ODG-3,b.,…,,ODG-,min-,,n-LAP.,,MGBRTDG-tod,b.-,InitOperHrs-b. + 1..,b. =  1.
	8.6.3.3 In the first forecast hour of the pre-dispatch look-ahead period (i.e. time-step 2), the number of hours a resource has been down shall determine any remaining minimum generation block down time to enforce and shall respect the minimum generat...
	,ODG-2,b.,,ODG-3,b.,…,,ODG-,min-,,n-LAP.,,MGBDTDG-tod,b-HOT.−,InitDownHrs-b. + 1..,b. =  0.
	8.6.3.4 If ,ODG-t-1,b. = 0 and ,ODG-t,b. = 1 for time-step t ∈ TS, then the resource at bus b ∈ ,B-NQS. has been scheduled to start up during time-step t and shall be scheduled to remain in operation until it has completed its minimum generation block...
	,ODG-t + 1,b.,,ODG-t + 2,b.,…,,ODG-min(,n-LAP.,t  +  ,MGBRTDGC-b.-1),b. =  1.
	8.6.3.5 If ,ODG-t-1,b. = 1 and ,ODG-t,b. = 0 for time-step t ∈ TS, then the resource at bus b ∈ ,B-NQS. has been scheduled to shut down during time-step t and shall be scheduled to remain off until it has completed its hot minimum generation block dow...
	,ODG-t + 1,b.,,ODG-t + 2,b.,…,,ODG-min(,n-LAP.,t + ,MGBDTDGC-b-HOT.−1),b. =  0.
	8.6.3.6 A Boolean variable ,IDG-t,b. indicates that the non-quick start resource at bus b ∈ ,B-NQS. is scheduled to reach its minimum loading point in time-step t ∈ TS after being scheduled below its minimum loading point in the preceding time-step. A...
	,IDG-t,b.  = ,,  1    if, ODG-t-1,b. =  0 and ,ODG-t,b. =  1-   0   otherwise.                                              ..
	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.:
	8.6.3.7.1 and if the pre-dispatch look-ahead period spans two dispatch days then:
	8.6.3.8 For a non-quick start resource at bus b ∈ ,B-NQS. that has been offline ,InitDownHrs-b. hours, and for future minimum loading point time-step t ∈ {2,….,,n-LAP.}, the pre-dispatch calcluation engine shall assign a start-up offer and ramp energy...
	8.6.3.8.1 If 0 ≤ ,InitDownHrs-b. + t−1 ≤ ,MGBDTDGC-b-HOT., then the resource cannot be scheduled in time-step t;
	8.6.3.8.2 If ,MGBDTDGC-b-HOT. < ,InitDownHrs-b. + t−1 ≤ ,MGBDTDGC-b-WARM., then the resource will be assigned a “HOT” thermal state for time-step 𝑡 and the start-up offer ,SUDG-t,b-HOT. shall apply. The ramp up energy to minimum loading point profile...
	8.6.3.8.3 If ,MGBDTDGC-b-WARM. < ,InitDownHrs-b. + t−1  ≤ ,MGBDTDGC-b-COLD., then the resource will be assigned a “WARM” thermal state for time-step t and the start-up offer ,SUDG-t,b-WARM. shall apply. The ramp up energy to minimum loading point prof...
	8.6.3.8.4 If ,MGBDTDGC-b-COLD. < ,InitDownHrs-b. + t−1 then the resource will be assigned a “COLD” thermal state for time-step t and the start-up offer ,SUDG-t,b-COLD. shall apply. The ramp up energy to minimum loading point profile shall be ,RampEC-b...
	8.6.3.9 For a non-quick start resource at bus b ∈ ,B-NQS. that is in-service as determined by its initial condition, the pre-dispatch calculation engine shall assign a start-up offer and ramp up energy to minimum loading point profile associated with ...

	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;
	8.6.4.1.3 for all buses b ∈ ,B-ELR. where an energy limited resource is located and all time-steps T ∈ ,TS-tod.:
	8.6.4.2 If the pre-dispatch look-ahead period spans two dispatch days, the constraints in section 8.6.4.1 shall apply to an energy limited resource for each dispatch day, and shall consider the amount of energy already provided by the resource for the...
	where the factors 10 ORConv and 30 ORConv 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...

	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. If the pre-dispatch look-ahead period spans two dispatch days, the constraint shall be applied for both days. Violation variables...
	8.6.5.1.1 and if the pre-dispatch look-ahead period spans two dispatch days, for all hydroelectric resource buses b ∈ ,B-HE.:
	8.6.5.2 A Boolean variable ,IHE-t,b,i. indicates that a start for the dispatchable hydroelectric generation resource at bus b ∈ ,𝐵-H𝐸. was counted in time-step t ∈ TS  as a result of the resource schedule increasing from below its i-th start indicat...
	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. If the pre-dispatch look-ahead period spans two dispatch days, this constraint shall be a...
	8.6.5.3.1 and if the pre-dispatch look-ahead period spans two dispatch days, for 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. If the pre-dispatch look-ahead period spans two dispatch days, the constraint  shall be a...
	8.6.5.4.1 and if the look-ahead period spans two dispatch days, then for all sets s ∈ SHE and all time-steps T ∈ ,TS-tom.:
	where the factors 10 ORConv and 30 ORConv 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. If the pre-dispatch look-ahead period spans two dispatch days, the constraint  shall be applied ...
	8.6.5.5.1 and if the pre-dispatch look-ahead period spans two dispatch days, then for all sets s ∈ SHE:
	8.6.5.6 For linked dispatchable hydroelectric generation resources with a registered forebay, energy scheduled at the upstream resource in one time-step shall result in a proportional amount of energy being scheduled at the linked downstream resource ...
	8.6.5.7 For linked dispatchable hydroelectric generation resources, time-steps in which the upstream resources schedule is not determined in the pre-dispatch calculation engine optimization, the constraint shall link either the historical or time-step...
	8.6.5.8 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.) ∈ LNKC and all time-steps t ∈ TS such that t ≤ ,LagC-,b-1.,,b-2..+1:
	8.6.5.9 For linked dispatchable hydroelectric generation resources, time-steps in which both the upstream and downstream resource schedules are determined in the pre-dispatch calculation engine optimization, the constraint will link the scheduling var...
	8.6.5.10 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.) ∈ LNKC and time-steps t ∈ TS such that t + ,LagC-,b-1.,,b-2.. ≤ ,n-LAP.:

	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 time-step t ∈ TS, ,With-t,b. shall be represented by:
	8.7.1.2 The total amount of export energy scheduled at intertie zone bus 𝑑∈𝐷𝑋 in time-step t ∈ TS, ,With-t,d., as the exports from Ontario to the intertie zone bus shall be represented by:
	8.7.1.3 The total amount of injections scheduled at internal bus 𝑏∈𝐵 in time-step t ∈ TS, ,Inj-t,b., shall be represented by:
	8.7.1.4 The total amount of import energy scheduled at intertie zone bus 𝑑∈𝐷𝐼 in time-step t ∈ TS, ,Inj-t,d., as the imports into Ontario from that intertie zone bus shall be represented by:
	8.7.1.5 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 may 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. Full...
	and
	8.7.2.3 The following constraints shall be applied for each time-step t ∈ TS and each region r ∈ ORREG:
	and

	8.7.3 IESO Internal Transmission Limits
	8.7.3.1 The Pre-Dispatch Scheduling algorithm shall produce a set of energy schedules 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 ...
	8.7.3.2 Pre-contigency, ,𝑆𝑃𝑟𝑒𝐼𝑇𝐿𝑉𝑖𝑜𝑙-𝑓,𝑡,𝑖., and post-contingency, ,𝑆𝐼𝑇𝐿𝑉𝑖𝑜𝑙-𝑐,𝑓,𝑡,𝑖., transmission limit violation variables shall allow the pre-dispatch calculation engine to find a solution.
	8.7.3.3 For all time-steps t ∈ TS and facilities f ∈ ,F-t., the linearized constraints for violated pre-contingency limits obtained from the security assesment function shall take the form:
	8.7.3.4 For all time-steps t ∈ TS, contingencies c ∈ C, and facilities f ∈ ,F-t,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 The Pre-Dispatch Scheduling algorithm shall produce a set of energy and operating reserve schedules that respect any security limits associated with interties between Ontario and intertie zones. For all time-steps t ∈ TS and all constraints z ...
	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 interties shall not exceed the net interchange scheduling limit. The net import schedule shall be summed over all intertie zones for a given time-step to obtain the net interchange sched...
	8.7.4.2.1 exceed the net interchange schedule for the previous time-step plus the net interchange scheduling limit; and
	8.7.4.2.2 be less than the net interchange schedule for the previous time-step minus the net interchange scheduling limit.
	8.7.4.3 Violation variables shall be provided for both the up and down ramp limits to allow the pre-dispatch calculation engine to find a solution and for all time-steps t ∈ TS:

	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 Pre-Dispatch Scheduling algorithm and for time-steps t ∈ TS:

	8.8 Outputs
	8.8.1 Outputs for the Pre-Dispatch Scheduling algorithm include resource schedules and commitments.

	9 Pre-Dispatch Pricing
	9.1 Purpose
	9.1.1 The Pre-Dispatch Pricing algorithm shall perform a security-constrained economic dispatch to maximize gains from trade using dispatch data submitted by registered market participants, subject to section 14.7.1.3, and resource schedules and commi...
	9.2 Information, Sets, Indices and Parameters
	9.2.1 Information, sets, indices and parameters used by the Pre-Dispatch Pricing algorithm are described in section 3. In addition, the following resource schedules and commitments determined by the Pre-Dispatch Scheduling algorithm shall be used by t...
	9.2.1.1 ,SDG-t,b,k-PDS. designates the amount of energy that the dispatchable generation resource is scheduled to provide above ,MinQDGC-b.  at bus b ∈ ,B-ELR. ∪ ,B-HE. in time-step t ∈ TS in association with lamination ,k ∈ K-t,b-E.;
	9.2.1.2 ,ODG-t,b-PDS. designates whether the dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in time-step t ∈ TS;
	9.2.1.3 ,S10SDG-t,b,k-PDS. designates the amount of synchronized ten-minute operating reserve that the dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in time-step t ∈ TS in association with lamination k ∈ ,K-t,b-1...
	9.2.1.4 ,S10NDG-t,b,k-PDS. designates the amount of non-synchronized ten-minute operating reserve that the dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in time-step t ∈ TS in association with lamination k ∈ ,K-t...
	9.2.1.5 ,S30RDG-t,b,k-PDS. designates the amount of thirty-minute operating reserve that the dispatchable generation resource is scheduled to provide at bus b ∈ ,B-ELR. ∪ ,B-HE. in time-step t ∈ TS in association with lamination k ∈ ,K-t,b-30R.; and
	9.2.1.6 ,OHO-t,b-PDS. designates whether the dispatchable hydroelectric generation resource at bus b ∈ ,B-HE. has been scheduled at or above ,MinHO-t,b. in time-step t ∈ TS.

	9.3 Variables and Objective Function
	9.3.1 The Pre-Dispatch Pricing algorithm shall solve for the same variables as in the Pre-Dispatch Scheduling algorithm, section 8.3.1, with the following exceptions:
	9.3.1.1 ,IDG-t,b. for bus b ∈ ,B-DG. and time-step t ∈ TS shall not appear in the formulation;
	9.3.1.2 ,ODG-t,b. for bus b ∈ ,B-DG. and time-step t ∈ TS will be fixed to a constant value, as determined by the Pre-Dispatch Scheduling algorithm;
	9.3.1.3 ,OHO-t,b. for bus b ∈ ,B-HE. and time-step t ∈ TS will be fixed to a constant value, as determined by the Pre-Dispatch Scheduling algorithm;
	9.3.1.4 ,IHE-t,b,i. for b ∈ ,B-HE., time-step t ∈ TS and start indication value i ∈ {1,..,,NStartMW-b.} shall not appear in the formulation;
	9.3.1.5 ,SOGenLnkViol-,t,(b-1.,,b-2.),i. for (,b-1.,,b-2.) ∈ LNK such that ,b-1. ∈ ,B-up-HE. and ,b-2. ∈ ,B-dn-HE., time-step t ∈ TS and i ∈ {1,..,,N-,OGenLnkViol-t..} shall not appear in the formulation; and
	9.3.1.6 ,SUGenLnkViol-t,(,b-1.,,b-2.),i. for (,b-1.,,b-2.) ∈ LNK such that ,b-1. ∈ ,B-up-HE. and ,b-2. ∈ ,B-dn-HE., time-step t ∈ TS and i ∈ {1,..,,N-,UGenLnkViol-t..} shall not appear in the formulation.

	9.3.2 The objective function for the Pre-Dispatch Pricing algorithm shall maximize gains from trade by maximizing the following expression:
	9.3.2.1 The tie-breaking term, ,TB-t., shall be the same term described in section 8.3.2.1.
	9.3.2.2 ,𝑉𝑖𝑜𝑙𝐶𝑜𝑠𝑡-𝑡. shall be calculated as follows:
	9.3.2.3 The objective function of the Pre-Dispatch Pricing algorithm in section 9.3.2 shall be subject to the constraints described in sections 9.4 - 9.8.

	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 Pre-Dispatch Pricing algorithm.
	9.5 Dispatch Data Constraints Applying to Individual Hours
	9.5.1 Scheduling Variable Bounds
	9.5.1.1 Energy and operating reserve schedules shall not be negative and shall not exceed the quantity respectively offered for energy and operating reserve. For all time-steps t ∈ TS:
	9.5.1.2 A dispatchable generation resource may be scheduled for energy and operating reserve only if its commitment status variable, as determined by the Pre-Dispatch Scheduling algorithm, is equal to 1. For all time-steps t ∈ TS:
	where
	,ODG-t,b-PDS. is a fixed constant in the above constraints, per section 9.8.1.1.

	9.5.2 Resource Minimums and Maximums
	9.5.2.1 The constraints in section 8.5.2 shall apply in the Pre-Dispatch Pricing algorithm.

	9.5.3 Off-Market Transactions
	9.5.3.1 The constraints in sections 8.5.3.1 and 8.5.3.2 for inadvertent payback transactions shall apply in the Pre-Dispatch 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 the Pre-Dispatch Pricing algorithm.
	9.5.3.3 For all time-steps t ∈ TS and all boundary entity resources scheduled to import emergency energy that does not support an export d ∈ ,DI-t-EMNS.:

	9.5.4 Intertie Minimum and Maximum Constraints
	9.5.4.1 The constraints in section 8.5.4 shall apply in the Pre-Dispatch Pricing algorithm as well.

	9.5.5 Operating Reserve Scheduling
	9.5.5.1 The constraints in section 8.5.5 shall apply in the Pre-Dispatch Pricing algorithm as well.

	9.5.6 Pseudo-Units
	9.5.6.1 The constraints in section 8.5.6 shall apply in the Pre-Dispatch Pricing algorithm as well.

	9.5.7 Dispatchable Hydroelectric Generation Resources
	9.5.7.1 The constraints in section 8.5.7 shall apply in the Pre-Dispatch Pricing algorithm as well, with the following exceptions:
	9.5.7.1.1 energy offer laminations corresponding to the hourly must-run amount shall be ineligible to set prices;
	9.5.7.1.2 minimum hourly output constraints shall be replaced by the constraints in section 9.8; and
	9.5.7.1.3 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.

	9.5.8 Wheeling Through Transactions
	9.5.8.1 The constraints in section 8.5.8 shall apply in the Pre-Dispatch Pricing algorithm as well.

	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 Pre-Dispatch Pricing algorithm as well.

	9.6.2 Operating Reserve Ramping
	9.6.2.1 The constraints in section 8.6.2 shall apply in the Pre-Dispatch Pricing algorithm as well.

	9.6.3 Energy Limited Resources
	9.6.3.1 The constraints in section 8.6.4 shall apply to energy limited resources. If a resource’s maximum daily energy limit is binding, then the constraints in section 9.8 shall also 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 under-scheduling a resource’s minimum daily energy limit shall be provided to allow the pre-disp...
	9.6.4.1.1 If the pre-dispatch look-ahead period spans two dispatch days, for all hydroelectric resource buses b ∈ ,B-HE.:
	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 Pre-Dispatch Scheduling algorithm.
	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...
	9.6.4.3.1 If the look-ahead period spans two dispatch days, then for all sets s ∈ SHE and all time-steps T ∈ ,TS-tom.:
	where the factors 10 ORConv and 30 ORConv shall be applied to scheduled ten-minute operating reserve and thirty-minute operating reserve 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...
	9.6.4.4.1 If the look-ahead period spans two dispatch days, then for all sets s ∈ SHE and all time-steps t ∈ ,TS-tom.:

	9.7 Constraints for Reliability Requirements
	9.7.1 Energy Balance
	9.7.1.1 The constraint in section 8.7.1 shall also apply in the Pre-Dispatch Pricing algorithm, except the marginal loss factors used in the energy balance constraint in the Pre-Dispatch Pricing algorithm shall be fixed to the marginal loss factors us...

	9.7.2 Operating Reserve Requirements
	9.7.2.1 The constraints in section 8.7.2 shall also apply in the Pre-Dispatch Pricing algorithm.

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

	9.7.4 Intertie Limits
	9.7.4.1 The constraints in section 8.7.4 shall also apply in the Pre-Dispatch 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 time-steps t ∈ TS:

	9.8 Constraints to Ensure the Price Setting Eligibility of 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 Pre-Dispatch Scheduling algorithm in section 8. For all time-steps t ∈ TS and all buses b ∈ ,B-DG.:
	,ODG-t,b. =  ,ODG-t,b-PDS..

	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 Pre-Dispatch Scheduling algorithm, the schedules calculated by the Pre-Dispatch Scheduling algorithm shall determine the price-setting eligibility of the ...
	9.8.2.1.1 then the maximum daily energy limit constraint shall be considered binding in the Pre-Dispatch Scheduling algorithm.  In such circumstances, the following constraints must hold for bus b ∈, B-ELR. for all time-steps t ∈ ,TS-tod.:
	9.8.2.2 If the pre-dispatch look-ahead period spans two dispatch days, then for bus b ∈ ,B-ELR., if there exists a time-step T ∈ ,TS-tom. such that:
	9.8.2.2.1 then the maximum daily energy limit constraint is considered to be binding for the next dispatch day in Pre-Dispatch Scheduling algorithm. In such circumstances, the following constraints must hold for bus b ∈ ,B-ELR. for all time-steps t ∈ ...
	where ϵ 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 Pre-Dispatch Scheduling algorithm, such resource shall also be scheduled at or above its minimum hourly output in t...
	and for all ,k ∈ K-t, b-E.:
	0  ≤ ,SDG-t,b,k. ≤ ,OHO-t,b-PDS.∙,QDG-t,b,k..
	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 Pre-Dispatch Scheduling algorithm, the offer laminations corresponding to the energy schedules calculated in the Pre-Dispatch Schedu...
	9.8.3.3.1 the following constraints must hold for all time-steps t ∈ ,TS-tod. and offer laminations ,k ∈ K-t,b-E.:
	,SDG-t,b,k. ≥ ,SDG-t,b,k-PDS..
	9.8.3.3.2 If the pre-dispatch look-ahead period spans two dispatch days, for all dispatchable hydroelectric generation resource buses b ∈ ,B-HE. such that ,MinDEL-tom,b. > 0 and
	9.8.3.3.3 the following constraints must hold for all time-steps t ∈ ,TS-tom. and offer laminations ,k ∈ K-t,b-E.:
	,SDG-t,b,k. ≥ ,SDG-t,b,k-PDS..
	9.8.3.4 For a dispatchable hydroelectric generation resource with a shared minimum daily energy limit that was binding in the Pre-Dispatch Scheduling algorithm, the offer laminations corresponding to the energy schedules calculated for all resources i...
	9.8.3.4.1 the following constraints must hold for all time-steps t ∈ ,TS-tod. ∈ :
	9.8.3.4.2 If the pre-dispatch look-ahead period spans two dispatch days, then for each set s ∈ SHE:
	9.8.3.4.3 the following constraints must hold for all time-steps t ∈ ,TS-tom.:
	9.8.3.5 For a dispatchable hydroelectric generation resource with a binding maximum daily energy limit in the Pre-Dispatch Scheduling algorithm, the schedules calculated in the Pre-Dispatch Scheduling algorithm shall determine the price-setting eligib...
	9.8.3.6 For a dispatchable hydroelectric generation resource with a shared maximum daily energy limit that was binding in the Pre-Dispatch Scheduling algorithm, in each hour, the offer laminations up to the sum of energy and operating reserve schedule...
	9.8.3.6.1 then the maximum daily energy limit constraint is considered to be binding for the current dispatch day in the Pre-Dispatch Scheduling algorithm. In such circumstances, the following constraints shall apply for all time-steps t ∈ ,TS-tod.:
	where ϵ is a small positive constant.
	9.8.3.6.2 If the pre-dispatch look-ahead period spans two dispatch days, if there exists a time-step T ∈ ,TS-tom. such that:
	9.8.3.6.3 then the maximum daily energy limit constraint is considered to be binding for the next dispatch day in the Pre-Dispatch Scheduling algorithm. In such circumstances, the following constraints shall apply for all time-steps t ∈ ,TS-tom.:
	where 𝜖 is a small positive constant.
	9.8.3.7 For a dispatchable hydroelectric generation resource for which a MWh ratio was respected in the Pre-Dispatch Scheduling algorithm, such resource shall be scheduled between its Pre-Dispatch Scheduling algorithm schedule plus or minus a toleranc...
	9.8.3.7.1 For all linked dispatchable hydroelectric generation resources ,b-1. such that (,b-1.,,b-2.) ∈ LNKC where ,b-1. ∈ ,B-up-HE. and ,b-2. ∈ ,B-dn-HE. and all time-steps t ∈ TS such that t + ,LagC-,b-1.,,b-2.. ≤ ,n-LAP.:

	9.9 Outputs
	9.9.1 Outputs for the Pre-Dispatch 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 narrow constrained areas and dynamic constrained areas and the information published therein in accordance with section 22 of Chapter 7 shall be inputs for 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 Pre-Dispatch Pricing algorithm shall be used by the Constrained Area Conditi...
	10.2.2.1 ,LMP-t,b-PDP., which designates the locational marginal price for bus b ∈ B in time-step t ∈ TS;
	10.2.2.2 ,PCong-t,b-PDP., which designates the congestion component of the locational marginal price for bus b ∈ B in time-step t ∈ TS;
	10.2.2.3 ,ExtLMP-t,d-PDP., which designates the locational marginal price for intertie bus d ∈ D in time-step t ∈ TS;
	10.2.2.4 ,PExtCong-t,d-PDP., which designates the intertie congestion component of the locational marginal price for intertie bus d ∈ D in time-step t ∈ TS;
	10.2.2.5 ,PIntCong-t,d-PDP., which designates the internal congestion component of the locational marginal price for intertie bus d ∈ D in time-step t ∈ TS;
	10.2.2.6 ,IntLMP-t,d-PDP., which designates the intertie border price for intertie bus d ∈ D in time-step t ∈ TS;
	10.2.2.7 ,SPNormT-t,f-PDP., which designates the shadow price for the pre-contingency transmission constraint for facility f ∈ F in time-step t ∈ TS;
	10.2.2.8 ,SPEmT-h,c,f-PDP., which designates the shadow price for the post-contingency transmission constraint for facility f ∈ F in contingency c ∈ C in time-step t ∈ TS;
	10.2.2.9 ,SPNIUExtBwdT-t-PDP., which designates the shadow price for the net interchange schedule limit constraint limiting increases in net imports between time-step (t - 1) and time-step t;
	10.2.2.10 ,L30RP-t,b-PDP., which designates the locational marginal price for thirty-minute operating reserve at bus b ∈ B in time-step t ∈ TS;
	10.2.2.11 ,L10NP-t,b-PDP., which designates the locational marginal price for non-synchronized ten-minute operating reserve at bus b ∈ B in time-step t ∈ TS; and
	10.2.2.12 ,L10SP-t,b-PDP., which designates the locational marginal price for synchronized ten-minute operating reserve at bus b ∈ B in time-step t ∈ TS.

	10.3 Variables
	10.3.1 The pre-dispatch calculation engine shall use the constrained area conditions tests in sections 10.4 and 10.5 to identify the resources that are part of the following data sets:
	10.3.1.1 ,BCond-t-NCA., which designates the resources in a narrow constrained area that must be checked for local market power for energy in time-step t ∈ TS;
	10.3.1.2 ,BCond-t-DCA., which designates the resources in a dynamic constrained area that must be checked for local market power for energy in time-step t ∈ TS;
	10.3.1.3 ,BCond-t-BCA., which designates the resources in a broad constrained area to be checked for local market power for energy in time-step t ∈ TS;
	10.3.1.4 ,BCond-t-GMP., which designates the resources to be checked for global market power for energy in time-step t ∈ TS;
	10.3.1.5 ,BCond-t-10S., which designates that resources to be checked for local market power for synchronized ten-minute operating reserve in time-step t ∈ TS;
	10.3.1.6 ,BCond-t-10N., which designates that resources to be checked for local market power for non-synchronized ten-minute operating reserve in time-step t ∈ TS;
	10.3.1.7 ,BCond-t-30R., which designates that resources to be checked for local market power for thirty-minute operating reserve in time-step t ∈ TS;
	10.3.1.8 ,BCond-t-GMP10S., which designates that resources to be checked for global market power for synchronized ten-minute operating reserve in time-step t ∈ TS;
	10.3.1.9 ,BCond-t-GMP10N., which designates that resources to be checked for global market power for non-synchronized ten-minute operating reserve in time-step t ∈ TS; and
	10.3.1.10 ,BCond-t-GMP30R., which designates that resources to be checked for global market power for thirty-minute operating reserve in time-step t ∈ TS.

	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 area
	10.4.1.1 If at least one transmission constraint for a narrow constrained area or  dynamic constrained area is binding in the Pre-Dispatch Pricing algorithm, then all resources identified within the narrow constrained area or dynamic constrained area ...
	10.4.1.1.1 For each n ∈ NCA and time-step t ∈ TS:  For each transmission facility that transmits flow into n, f ∈ ,F-n-NCA., if ,SPNormT-t,f-PDP.≠ 0 or ,SPEmT-t,c,f-PDP.≠ 0 for the inbound flow limit, the pre-dispatch calculation engine will place n i...
	10.4.1.1.2 For each d ∈ DCA and time-step t ∈ TS: For each transmission facility that transmits flow into d, f ∈ ,F-d-DCA., if ,SPNormT-t,f-PDP.≠0 or ,SPEmT-t,c,f-PDP.≠0 for the inbound flow limit, the pre-dispatch calculation engine will place d in t...
	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-t.′, which designates the narrow constrained areas that qualify for market power mitigation for energy in time-step t ∈ TS; and
	10.4.1.2.2 ,DCA-t.′, which designates the dynamic constrained areas that qualify for market power mitigation for energy in time-step t ∈ TS.

	10.4.2 Constrained Area Conditions Test for the Broad Constrained Area
	10.4.2.1 If the congestion component of the locational marginal price of 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 th...

	10.5 Constrained Area Conditions Test for Global Market Power (Energy)
	10.5.1 The pre-dispatch calculation engine shall test resources that can meet incremental load within Ontario for global market power, subject to section 10.5.2, if:
	10.5.1.1 the intertie border prices at the global market power reference intertie zones are greater than the IBPThresh threshold value, indicated in time-step t ∈ TS by:
	10.5.1.1.1 ,IntLMP-t,d-PDP. > IBPThresh for bids and offers, d ∈ ,D-GMPRef., corresponding to the boundary entity resource bus for the global market power reference intertie zones; and
	10.5.1.2 at least one of the following conditions is met:
	10.5.1.2.1 import congestion, represented by a negative intertie congestion component, is present on all of the global market power reference intertie zones, indicated in time-steps t = {2,3} by:
	10.5.1.2.1.1 ,PExtCong-t,d-PDP. < 0  for bids and offers, d ∈ ,D-GMPRef., corresponding to the boundary entity resource bus for the global market power reference intertie zone; or
	10.5.1.2.1.2 10.5.1.2.1.2 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 time-steps t = {2,3} by:
	,SPNIUExtBwdT-t-PDP.≠ 0

	10.5.2 If the conditions in sections 10.5.1 are met, then the pre-dispatch calculation engine shall test resources that can meet incremental load within Ontario for global market power, for each time-step t ∈ TS, place all b ∈ ,B-DG.  in the set ,BCon...
	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-t,b-PDP.<,PIntCong-t,d-PDP.−$1/MWh where d ∈ ,D-GMPRef. is true for all global market power reference intertie zones; or..
	10.5.2.2 the resources can not meet the incremental load because a binding transmission constraint:For each time-step t ∈ TS, place all b ∈ ,B-DG.  in the set ,BCond-t-GMP. unless a resource is excluded because:
	10.5.2.2.1 if resources can not meet incremental load because of any binding transmission facility where for each transmission facility that transmits flow, check if ,SPNormT-t,f-PDP.≠ 0 or ,SPEmT-t,c,f-PDP.≠ 0.; or
	10.5.2.2.2 if ,PCong-t,b-PDP.<,PIntCong-t,d-PDP.−$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 10.6.2, 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...
	10.6.1.1 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-t-10S., ,BCond-t-10N.,or ,BCond-t-30R.

	10.6.2 A resource shall not qualify for local market power mitigation testing 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 time-step t ∈ TS:
	10.6.2.1 if b is in a region with a binding maximum restriction constraint, then b is exempt from the Conduct Test.

	10.7 Constrained Area Conditions Test for Global Market Power (Operating Reserve)
	10.7.1 A resource shall be subject to global market power mitigation testing for operating reserve if its offers for a class of operating reserve where the locational marginal price for that class of operating reserve is greater than ORGCondThresh.
	10.7.2 Subject to section 10.7.3, if the condition in section 10.7.1 has been met for a class of operating reserve, then all resources with offers for classes of operating reserve that can satisfy the requirements of that class of operating reserve sh...
	10.7.2.1 if ,L10SP-t,b-PDP. > ORGCondThresh, the pre-dispatch calculation engine shall add resource b to ,BCond-t-GMP10S.;
	10.7.2.2 if ,L10NP-t,b-PDP .> ORGCondThresh, the pre-dispatch calculation engine shall add resource b to ,BCond-t-GMP10N.; and
	10.7.2.3 if ,L30RP-t,b-PDP. > ORGCondThresh, the pre-dispatch calculation engine shall add resource b to ,BCond-t-GMP30R..

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

	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 reference level values fo...
	11.2 Information, Sets, Indices and Parameters
	11.2.1 Information, sets, indices and parameters for the Conduct Test are described in sections 3 and 4. In addition, the list of resources produced pursuant to section 10.8.1 shall be used by the Conduct Test.
	11.3 Variables
	11.3.1 The pre-dispatch 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-t-NCA. designates the resources in a narrow constrained area that failed the Conduct Test for at least one financial dispatch data parameter in time-step t ∈ TS;
	11.3.1.1.2 ,BCT-t-DCA. designates the resources in a  dynamic constrained area that failed the Conduct Test for at least one financial dispatch data parameter in time-step t ∈ TS;
	11.3.1.1.3 ,BCT-t-BCA. designates the resources in a broad constrained area  that failed the Conduct Test for at least one financial dispatch data parameter in time-step t ∈ TS;
	11.3.1.1.4 ,BCT-t-GMP. designates the resources that failed the global market power for energy Conduct Test for at least one financial dispatch data parameter in time-step t ∈ TS;
	11.3.1.1.5 ,BCT-t-ORL. designates the resources that failed the local market power for operating reserve Conduct Test for at least one dispatch data parameter in time-step t ∈ TS; and
	11.3.1.1.6 ,BCT-t-ORG. designates the resources that failed the global market power Conduct Test for operating reserve for at least one financial dispatch data parameter in time-step t ∈ TS.
	11.3.1.2 The following financial dispatch data parameters for all time-steps t ∈ TS:
	11.3.1.2.1 ,PARAME-t,b., which designates the set of dispatch data parameters that failed the energy Conduct Test at bus b ∈ ,{BCT-t-NCA. ∪ ,BCT-t-DCA. ∪ ,BCT-t-BCA. ∪ ,BCT-t-GMP.} in time-step t, and may include the following financial dispatch data ...
	11.3.1.2.1.1 ,EnergyOffer-k., which designates a non-zero quantity of  energy  above the minimum loading point in association with offer lamination k ∈ ,K-t,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., which designates the non-zero quantity of energy  up to the minimum loading point in association with offer lamination k ∈ ,K-t,b-LTMLP. failed the Conduct Test;
	11.3.1.2.2.2 SUOffer, which designates the start-up offer failed the Conduct Test; and
	11.3.1.2.2.3 SNLOffer, which designates the speed no-load offer failed the Conduct Test.
	11.3.1.2.3 ,PARAMOR-t,b. designates the set of financial dispatch data parameter that failed the operating reserve Conduct Test for bus b ∈ {,BCT-t-ORL. ∪ ,BCT-t-ORG.} in time-step t, and may include the following financial dispatch data parameter:
	11.3.1.2.3.1 ,OR10SOffer-k., which designates  the non-zero quantity of synchronized ten-minute operating reserve in association  with offer lamination k ∈ ,K-t,b-10S. failed the Conduct Test;
	11.3.1.2.3.2 ,OR10NOffer-k., which designates  the non-zero quantity of  non-synchronized ten-minute operating reserve in associciation with offer lamination k ∈ ,K-t,b-10N. failed the Conduct Test; and
	11.3.1.2.3.3 ,OR30ROffer-k., which designates the non-zero quantity of thirty-minute operating reserve in association with offer lamination k ∈ ,K-t,b-30R. failed the Conduct Test;
	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, which designates the start-up offer failed the Conduct Test;
	11.3.1.2.4.2 SNLOffer, which designates the speed no-load offer failed the Conduct Test; and
	11.3.1.2.4.3 ,EnergyToMLP-k., which designates the non-zero quantity of  up to the minimum loading point in association with offer lamination k ∈ ,K-t,b-E. failed the Conduct Test.

	11.4 Conduct Test for Energy
	11.4.1 The pre-dispatch 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 time-step t ∈ T...
	11.4.1.1 Evaluate energy offers above minimum loading point: For all k ∈ ,K-t,b-E., if ,PDG-t,b,k.>CTEnMinOffer  and  ,PDG-t,b,k.> min (,PDGRef-t,b,k`.*(1 + ,CTEnThresh1-NCA.), ,PDGRef-t,b,k`. + ,CTEnThresh2-NCA.) , where k' ∈ ,K-t,b-'E., then the Con...
	11.4.1.2 Evaluate offers for energy for the range of production up to minimum loading point: For all time-steps prior to and including the last time-step where conditions are met for the Constrained Area Conditions Test, for all k ∈ ,K-t,b-LTMLP., if ...
	11.4.1.3 Evaluate start-up offers: For all time-steps prior to and including the last time-step t where conditions are met for the Constrained Area Conditions Test in section 10, if ,SUDG-t,b.> ,SUDGRef-t,b.*(1 + ,CTSUThresh-NCA.), then the Conduct Te...
	11.4.1.4 Evaluate speed no-load offers: For all time-steps prior to and including the last time-step where conditions are met for the Constrained Area Conditions Test, if ,SNL-t,b.> ,SNLRef-t,b.*(1 + ,CTSNLThresh-NCA.), then the Conduct Test was faile...

	11.4.2 For resources identified pursuant to section 10.8.1 in a dynamic constrained area or broad constrained area, the pre-dispatch calculation engine shall use the steps in section 11.4.1, using resources in ,BCond-t-DCA. or ,BCond-t-BCA., as the ca...
	11.4.3 For resources identified pursuant to section 10.8.1 that were selected for global market power mitigation testing for energy, the pre-dispatch calculation engine shall use the steps in section 11.4.1, using resources in ,BCond-t-GMP. in place o...
	11.4.4 If a resource is assigned to more than one of the sets, ,BCond-t-NCA., ,BCond-t-DCA., ,BCond-t-BCA., and ,BCond-t-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 pre-dispatch 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 time-step t ∈ TS and b ∈ ,BCo...
	11.5.1.1 Evaluate offers for operating reserve as follows:
	11.5.1.1.1 for all k ∈ ,K-t,b-10S. such that ,P10SDG-t,b,k.>CTORMinOffer and ,P10SDG-t,b,k .>, min-(,P10SDGRef-t,b,k`.*(1 + ,CTORThresh1-ORL.), ,P10SDGRef-t,b,k`. + ,CTORThresh2-ORL.)., where k' ∈ ,K-h,b-'10S., then the Conduct Test was failed for the...
	11.5.1.1.2 for all k ∈ ,K-t,b-10N. such that ,P10NDG-t,b,k.> CTORMinOffer and ,P10NDG-t,b,k.>,min-(,P10NDGRef-t,b,k`.*(1 + ,CTORThresh1-ORL.), ,P10NDGRef-t,b,k`. + ,CTORThresh2-ORL.)., where k' ∈, K-h,b-'10N., then the Conduct Test was failed for the ...
	11.5.1.1.3 for all k ∈, K-t,b-30R. such that ,P30RDG-t,b,k.>CTORMinOffer and ,P30RDG-t,b,k. >,min-(,P30RDGRef-t,b,k`.*(1 + ,CTORThresh1-ORL.), ,P30RDGRef-t,b,k`. + ,CTORThresh2-ORL.)., where k' ∈ ,K-h,b-'30R., then the Conduct Test was failed for the ...
	11.5.1.1.4 for all j ∈, J-t,b-10S. if ,P10SDL-t,b,j. > CTORMinOffer and ,P10SDL-t,b,j. >,min-(,P10SDLRef-t,b,j`.*(1+,CTORThresh1-ORL.), ,P10SDLRef-t,b,j`.+,CTORThresh2-ORL.)., where j' ∈, J-t,b-'10S., then the Conduct Test was failed for the dispatcha...
	11.5.1.1.5 for all j ∈, J-t,b-10N. if ,P10NDL-t,b,j. > CTORMinOffer and ,P10NDG-t,b,j. >,min-(,P10NDLRef-t,b,j`.*(1+,CTORThresh1-ORL.), ,P10NDLRef-t,b,j`.+,CTORThresh2-ORL.)., where j' ∈, J-t,b-'10N., then the Conduct Test was failed for the dispatcha...
	11.5.1.1.6 for all j ∈ ,J-t,b-30R. if ,P30RDL-t,b,j. > CTORMinOffer and ,P30RDL-t,b,j. >,min-(,P30RDLRef-t,b,j`.*(1+,CTORThresh1-ORL.), . ,P30RDLRef-t,b,j`.+, CTORThresh2-ORL., where j' ∈, J-t,b-'30R., then the Conduct Test was failed for the dispatch...
	11.5.1.2 Evaluate start-up offers: For all time-steps prior to and including the last time-step where conditions are met for the Constrainted Area Conditions Test, if ,SUDG-t,b.> ,SUDGRef-t,b.*(1 + ,CTSUThresh-ORL.), then the Conduct Test failed for t...
	11.5.1.3 Evaluate speed no-load offers: For all time-steps prior to and including the last time-step where conditions are met for the Constrainted Area Conditions Test, if ,SNL-t,b.> ,SNLRef-t,b.*(1 + ,CTSNLThresh-ORL.), then the Conduct Test was fail...
	11.5.1.4 Evaluate offers for energy for the range of production up to the  minimum loading point: For all time-steps prior to and including the last time-step where conditions are met for the Constrainted Area Conditions Test, for all k ∈ ,K-t,b-LTMLP...

	11.5.2 The pre-dispatch 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 pre-dispatch calculation engine shall use the steps set out in s...
	11.5.3 If a resource is assigned to more than one of ,BCond-t-GMP10S., ,BCond-t-GMP10N., and ,BCond-t-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 time-step t ∈ TS:
	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 replaced with reference level values for resources that:
	11.6.1.3.1 has one or more financial dispatch data parameters that failed a Conduct Test for the current pre-dispatch calculation engine run; and
	11.6.1.3.2 has one or more financial dispatch data parameters that failed both the Conduct Test and failed the Price Impact Test in previous pre-dispatch calculation engine runs.
	11.6.1.4 For offers for energy and operating reserve with multiple laminations:
	11.6.1.4.1 if the offer lamination for energy that corresponds to the minimum loading point fails the Conduct Test, the pre-dispatch calculation engine shall replace all offer laminations for energy  up to the minimum loading point;
	11.6.1.4.2 if one or more offer laminations for energy  above the minimum loading point fails the Conduct Test, the pre-dispatch calculation engine shall replace all offer laminations for energy up to and above the minimum loading point; and
	11.6.1.4.3 if one or more offer laminations for operating reserve fails the Conduct Test, the pre-dispatch calculation engine shall replace all offer laminations for operating reserve.
	11.6.1.5 For a non-quick start resource whose start-up offer failed the Conduct Test, identified in section 11.6.1.1, the pre-dispatch calculation engine shall use the start-up offer reference level value to evaluate any advancements pursuant to secti...

	11.6.2 The pre-dispatch 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 l...

	12 Reference Level Scheduling
	12.1 Purpose
	12.1.1 The pre-dispatch 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 section 4. In addition, the list of resources that failed the Conduct Test from section 11.6.1.1 and a revised set of fina...
	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 pre-dispatch 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 pre-dispatch 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 value for resources subject to 14.7.1.3 a...
	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-t,b,k-RLS. , which designates the amount of energy that a dispatchable generation resource is scheduled to provide above ,MinQDGC-b. at bus b ∈ ,B-ELR. ∪ ,B-HE. in time-step t ∈ TS in association with lamination ,k ∈ K-t,b-E.;
	13.2.1.2 ,ODG-t,b-RLS., which designates whether a dispatchable generation resource at bus b ∈ ,B-DG. was scheduled at or above its minimum loading point in time-step t ∈ TS;
	13.2.1.3 ,S10SDG-t,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 time-step t ∈ TS in association with lamination k ∈ ,K...
	13.2.1.4 ,S10NDG-t,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 time-step t ∈ TS in association with lamination k ...
	13.2.1.5 ,S30RDG-t,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 time-step t ∈ TS in association with lamination k ∈ ,K-t,b-30R.;...
	13.2.1.6 ,OHO-t,b-RLS., which designates whether the dispatchable hydroelectric generation resource at but b ∈ ,B-HE. has been scheduled at or above ,MinHO-t,b. in time-step t ∈ TS.

	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 in Section 11.
	13.3 Variables and Objective Function
	13.3.1 The pre-dispatch 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 Pre-Dispatch Scheduling algorithm shall be replaced with the outputs from the Reference Level Scheduling algorithm as follows:
	13.4.1.3.1 ,SDG-t,b,k-PDS. shall be replaced by ,SDG-t,b,k-RLS. for all t ∈ TS, b ∈ ,B-ELR. ∪ ,B-HE., k  ∈ ,K-t,d-E.;
	13.4.1.3.2 ,ODG-t,b-PDS. shall be replaced by ,ODG-t,b-RLS. for all t ∈ TS, b ∈ ,B-DG.;
	13.4.1.3.3 ,IDG-t,b-PDS. shall be replaced by ,IDG-t,b-RLS. for all t ∈ TS, b ∈ ,B-DG.;
	13.4.1.3.4 ,S10SDG-t,b,k-PDS. shall be replaced by ,S10SDG-t,b,k-RLS. for all t ∈ TS, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-t,b-10S.;
	13.4.1.3.5 ,S10NDG-t,b,k-PDS. shall be replaced by ,S10NDG-t,b,k-RLS. for all t ∈ TS, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-t,b-10N.;
	13.1.4.3.6 ,S30RDG-t,b,k-PDS. shall be replaced by ,S30RDG-t,b,k-RLS. for all t ∈ TS, b ∈ ,B-ELR. ∪ ,B-HE., k ∈ ,K-t,b-30R.; and
	13.4.1.3.7 ,OHO-t,b-PDS. shall be replaced by ,OHO-t,b-RLS. for all t ∈ TS, 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 pre-dispatch 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 Pre-Dispatch 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 4.3.9.

	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 Pre-Dispatch Pricing algorithm and the Reference Level Pricing algorithm shall...
	14.2.1.1 ,LMP-t,b-PDP., which designates the locational marginal price for energy at bus b ∈ B in time-step t ∈ TS from the Pre-Dispatch Pricing algorithm;
	14.2.1.2 ,L30RP-t,b-PDP., which designates the locational marginal price for thirty-minute operating reserve at bus b ∈ B in time-step t ∈ TS from the Pre-Dispatch Pricing algorithm;
	14.2.1.3 ,L10NP-t,b-PDP., which designates the locational marginal price for non-synchronized ten-minute operating reserve at bus b ∈ B in time-step t ∈ TS from the Pre-Dispatch Pricing algorithm;
	14.2.1.4 ,L10SP-t,b-PDP., which designates the locational marginal price for synchronized ten-minute operating reserve  at bus b ∈ B in time-step t ∈ TS from the Pre-Dispatch Pricing algorithm;
	14.2.1.5 ,LMP-t,b-RLP., which designates the locational marginal price for energy at bus b ∈ B in time-step t ∈ TS from the Reference Level Pricing algorithm;
	14.2.1.6 ,L30RP-t,b-RLP., which designates the locational marginal price for thirty-minute operating reserve at bus b ∈ B in time-step t ∈ TS from the Reference Level Pricing algorithm;
	14.2.1.7 ,L10NP-t,b-RLP., which designates the locational marginal price for non-synchronized ten-minute operating reserve at bus b ∈ B in time-step t ∈ TS from the Reference Level Pricing algorithm; and
	14.2.1.8 ,L10SP-t,b-RLP., which designates the locational marginal price for synchronized ten-minute operating reserve at bus b ∈ B in time-step t ∈ TS from the Reference Level Pricing algorithm.

	14.3 Variables
	14.3.1 The pre-dispatch 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 time-steps t ∈ TS, where:
	14.3.1.1.1 ,BIT-t-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-t-DCA. designates the resources in a  dynamic constrained area that failed the Price Impact Test for energy locational marginal price;
	14.3.1.1.3 ,BIT-t-BCA. designates the resources in a broad constrained area that failed Price Impact Test for energy locational marginal price;
	14.3.1.1.4 ,BIT-t-GMP. designates the resources that failed the Global Market Power (energy) Price Impact Test for energy locational marginal price;
	14.3.1.1.5 ,BIT-t-ORL. designates the resources that failed the Local Market Power (operating reserve) Price Impact Test for at least one type of operating reserve locational marginal price;
	14.3.1.1.6 ,BIT-t-ORG. designates the resources that failed the Global Market Power (operating reserve) Price Impact Test for at least one type of operating reserve locational marginal price; and
	14.3.1.1.7 ,LMPIT-t,b. designates the locational marginal price that failed the Price Impact Test for bus b ∈ ,BIT-t-NCA. ∪ ,BIT-t-DCA. ∪ ,BIT-t-BCA. ∪ ,BIT-t-GMP. ∪ ,BIT-t-ORL. ∪ ,BIT-t-ORG. in time-step t ∈ TS 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 synchronized ten-minute operating reserve locational marginal price failed the Price Impact Test;
	14.3.1.2.3 OR10NLMP designates that the non-synchronized ten-minute operating reserve locational marginal price failed the Price Impact Test; and
	14.3.1.2.4 OR30RLMP designates that the thirty-minute operating reserve locational marginal price failed the Price Impact Test.

	14.4 Price Impact Test for Energy
	14.4.1 The pre-dispatch 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 time-step t ∈ TS and b ∈ ,BCT-t-NCA., if ,LMP-t,b-PDP. > min,(LMP-t,b-RLP.* (1 + ,ITThresh1-NCA.), ,LMP-t,b-RLP. + ,ITThresh2-NCA.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine ...
	14.4.1.1.2 For each time-step t ∈ TS and b ∈ ,BCT-t-DCA., if ,LMP-t,b-PDP.> Min,(LMP-t,b-RLP.*(1 + ,ITThresh1-DCA.), ,LMP-t,b-RLP. + ,ITThresh2-DCA.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine sh...
	14.4.1.1.3 For each time-step t ∈ TS and b ∈ ,BCT-t-BCA., if ,LMP-t,b-PDP.> Min,(LMP-t,b-RLP.*(1 + ,ITThresh1-BCA.), ,LMP-t,b-RLP. + ,ITThresh2-BCA.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine sh...
	14.4.1.2 For global market power for energy:
	14.4.1.2.1 For each time-step t ∈ TS and b ∈ ,BCT-t-GMP., if ,LMP-t,b-PDP.> Min,(LMP-t,b-RLP.* (1 + ,ITThresh1-GMP.), ,LMP-t,b-RLP. + ,ITThresh2-GMP.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine s...

	14.5 Price Impact Test for Operating Reserve
	14.5.1 The pre-dispatch 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 time-step t ∈ TS and b ∈ ,BCT-t-ORL.:
	14.5.1.1.1 If ,L30RP-t,b-PDP.>, L30RP-t,b-RLP., then the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine shall assign the resource to subset ,BIT-t-ORL. and add OR30RLMP to ,LMPIT-t,b.;
	14.5.1.1.2 If ,L10NP-t,b-PDP.>, L10NP-t,b-RLP., then the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine shall assign the resource to subset ,BIT-t-ORL. and add OR10NLMP to ,LMPIT-t,b.; and
	14.5.1.1.3 If ,L10SP-t,b-PDP.> ,L10SP-t,b-RLP., then the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine shall assign the resource to subset ,BIT-t-ORL. and add OR10SLMP to ,LMPIT-t,b.; and
	14.5.1.2 For global market power for operating reserve, for each time-step t ∈ TS and b ∈ ,BCT-t-ORG.:
	14.5.1.2.1 If ,L30RP-t,b-PDP.> min,(L30RP-t,b-RLP.*(1 + ,ITThresh1-ORG.), ,L30RP-t,b-RLP. + ,ITThresh2-ORG.), then the Price Impact Test was failed by resource at bus b and the pre-dispatch calculation engine shall assign the resource to subset ,BIT-t...
	14.5.1.2.2 If ,L10NP-t,b-PDP.> min,(L10NP-t,b-RLP.* (1 + ,ITThresh1-ORG.), ,L10NP-t,b-RLP. + ,ITThresh2-ORG.), then the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine shall assign the resource to subset ,...
	14.5.1.2.3 If ,L10SP-t,b-PDP.> min,(L10SP-t,b-RLP.* (1 + ,ITThresh1-ORG.), ,L10SP-t,b-RLP. + ,ITThresh2-ORG.), then the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine shall assign resource to subset ,BIT-...

	14.6 Revised Financial Dispatch Data Parameter Determination
	14.6.1 A resource that fails the Price Impact Test in a time-step ,𝑡. 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-t-NCA., ,BIT-t-DCA., ,BIT-t-BCA., ,BIT-t-GMP., the financial dispatch data parameters in ,PARAME-t,b. shall be used to determine the financial dispatch data parameters t...
	14.6.1.2 If the resource has failed a Price Impact Test for operating reserve and is in ,BIT-t-ORL. or ,BIT-t-ORG., the financial dispatch data parameters in ,PARAMOR-t,b. shall be used to determine the financial dispatch data parameters that shall be...
	14.6.1.3 If a non-quick-start resource has failed a Price Impact Test in any time-step, the commitment cost parameters (start-up offer, speed-no-load offer, or energy offer associated with the minimum loading point) that failed the corresponding Condu...
	14.6.1.3.1 For each time-step t ∈ TS and all b ∈ ,B-NQS. ∩ (,BIT-t-NCA. ∪ ,BIT-t-DCA. ∪ ,BIT-t-BCA. ∪ ,BIT-t-GMP.), for hours prior to and including the hour that failed the Price Impact Test, T ∈ {1,..,t}, if b ∈ ,BCT-T-NCA. ∪ ,BCT-T-DCA. ∪ ,BCT-T-BC...
	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-T,b. shall be checked in place of ,PARAME-T,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 sha...
	14.6.1.5.1 if ,BIT-t-NCA. includes one or more resources in a narrow constrained area, n, each resource ,b ∈ BCT-t-NCA. for narrow constrained area, n,  shall have the parameters in ,PARAME-t,b. replaced with its reference level values; and
	14.6.1.5.2 if ,BIT-t-DCA. includes one or more resources in a dynamic constrained area, d, each resource ,b ∈ BCT-t-DCA. for dynamic constrained area, d, shall have the parameters in ,PARAME-t,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 corresp...
	14.6.1.6.1 For all time-steps up to the time-step in which a resource failed the Price Impact Test for a narrow constrained area , for all ,b ∈ BCT-t-NCA., if ,PARAME-t,b. contains any of the commitment cost parameters SUOffer, SNLOffer, or ,EnergyToM...
	14.6.1.6.2 For all time-stepsup to the time-step in which a resource failed the Price Impact Test for a dynamic constrained area, for all ,b ∈ BCT-t-DCA., if ,PARAME-t,b. contains any of the commitment cost parameters SUOffer, SNLOffer, or ,EnergyToML...
	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 time-step t ∈ TS, if ,BIT-t-ORL. includes one or more resource in operating reserve region, r, all resources, ,b ∈ BIT-t-ORL. for operating reserve region r, shall have the parameters in ,PARAMOR-t,b. replaced with reference level ...
	14.6.1.8 If a non-quick-start resource fails the local market power for operating reserve Price Impact Test in any time-step, the commitment cost parameters for all non-quick-start resources in the same operating reserve region with a non-zero operati...
	14.6.1.8.1 For all time-steps up to the time-step in which a resource failed the Price Impact Test for r, for all ,b ∈ BCT-t-ORL., if ,PARAME-t,b. contains any of the commitment cost parameters SUOffer, SNLOffer, or ,EnergyToMLP-k., replace these para...

	14.7 Outputs
	14.7.1 The pre-dispatch calculation engine shall prepare the following outputs, subject to section 14.7.2, for each time-step t ∈ TS:
	14.7.1.1 The set of resources that failed the Price Impact Test for all time-steps in the pre-dispatch look ahead period, by condition, in acordance to sections 14.4 and 14.5. Those resources shall be added to the accumulated set of resources from pre...
	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 acordance to sections 14.4 and 14.5;
	14.7.1.3 A revised set of offer data to be used by the next pre-dispatch calculation engine run and next real-time hour. The revised set of offer data will be for the resources that failed the Price Impact Test:
	14.7.1.3.1 in current pre-dispatch calculation engine run replacing offer data that failed the Conduct Test with the applicable reference level values, in accordance with section 14.6; and
	14.7.1.3.2 in previous pre-dispatch calculation engine runs with financial dispatch data parameters that were decided to be mitigated in previous pre-dispatch calculation engine runs replaced with reference level values.

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

	15 Pseudo-Unit Modelling
	15.1 Pseudo-Unit Model Parameters
	15.1.1 The pre-dispatch 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 combusti...
	15.1.1.1 ,CMCR-k. designates the registered maximum continuous rating of combustion turbine k ∈ {1,..,K} in MW;
	15.1.1.2 ,CMLP-k. designates the minimum loading point of combustion turbine k ∈ {1,..,K} in MW;
	15.1.1.3 SMCR designates the registered maximum continuous rating of the steam turbine in MW;
	15.1.1.4 SMLP designates the minimum loading point of the steam turbine in MW for a 1x1 configuration;
	15.1.1.5 SDF designates the amount of duct firing capacity available on the steam turbine in MW;
	15.1.1.6 ,STPortion-k. designates the percentage of the steam turbine capacity attributed to pseudo-unit k ∈ {1,..,K}; and
	15.1.1.7 ,CSCM-k. ∈ {0,1} designates whether pseudo-unit k ∈ {1,..,K} is flagged to operate in single cycle mode, subject to section 15.5.

	15.1.2 The pre-dispatch calculation engine shall calculate the following model parameters for each pseudo-unit k ∈ {1,..K}:
	15.1.2.1 ,MMCR-k. designates the maximum continuous rating of pseudo-unit k and is calculated as follows:
	,CMCR-k. +  SMCR∙,STPortion-k.∙(1−,CSCM-k.)
	15.1.2.2 ,MMLP-k. designates the minimum loading point of pseudo-unit k and is calculated as follows:
	,CMLP-k. +  SMLP∙(1−,CSCM-k.)
	15.1.2.3 M,DF-k. designates the duct firing capacity of pseudo-unit k and is calculated as follows:
	SDF∙,STPortion-k.∙(1−,CSCM-k.)
	15.1.2.4 M,DR-k. designates the dispatchable capacity of pseudo-unit k and is calculated as follows:
	,MMCR-k. −,MMLP-k.−,MDF-k.

	15.1.3 The pre-dispatch calculation engine shall define three operating regions of pseudo-unit k ∈ {1,..K}, as follows:
	15.1.3.1 The minimum loading point region shall be the capacity between 0 and ,MMLP-k.;
	15.1.3.2 The dispatchable region shall be the capacity between ,MMLP-k. and ,MMLP-k. + ,MDR-k.;
	15.1.3.3 The duct firing region shall be the capacity between ,MMLP-k. + ,MDR-k. and ,MMCR-k..

	15.1.4 The pre-dispatch 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:
	15.1.4.1 For the minimum loading point region:
	15.1.4.1.1 Steam turbine share: ,STShareMLP-k. = ,SMLP∙(1-,CSCM-k.)-,MMLP-k..;
	15.1.4.1.2 Combustion turbine share: ,CTShareMLP-k. = ,,CMLP-k.-,MMLP-k..; and
	15.1.4.2 For the dispatchable region:
	15.1.4.2.1 Steam turbine share:
	,STShareDR-k. = ,(1-,CSCM-k.)(SMCR∙,STPortion-k.-SMLP-SDF∙,STPortion-k.)-,MDR-k..; and
	15.1.4.2.2 Combustion turbine share: ,CTShareDR-k. = ,,CMCR-k.-,CMLP-k.-,MDR-k..; and
	15.1.4.3 For the duct firing region:
	15.1.4.3.1 Steam turbine share shall be equal to 1; and
	15.1.4.3.2 Combustion turbine share shall be equal to 0.

	15.2 Application of Physical Resource Deratings to the Pseudo-Unit Model
	15.2.1 The pre-dispatch calculation engine shall apply deratings submitted by market participants to the applicable dispatchable capacity and duct firing capacity parameters for a pseudo-unit, where:
	15.2.1.1 ,CTCap-t,k. designates the capacity of combustion turbine k ∈ {1,..,K} in time-step t as determined by submitted deratings;
	15.2.1.2 ,STCap-t. designates the capacity of the steam turbine in time-step t as determined by submitted deratings; and
	15.2.1.3 ,TotalQ-t,k. designates the total quantity of energy for pseudo-unit k ∈ {1,..,K} in time-step t.

	15.2.2 The pre-dispatch calculation engine shall solve for the following operating region parameters for each pseudo-unit k ∈ {1,..,K}:
	15.2.2.1 ,MLP-t,k. , which designates the minimum loading point of pseudo-unit k in time-step t;
	15.2.2.2 D,R-t,k. , which designates the dispatchable region capacity of pseudo-unit k in time-step t; and
	15.2.2.3 ,DF-t,k. , which designates the duct firing region capacity of pseudo-unit k in time-step t.

	15.2.3 Pre-Processing of De-rates
	15.2.3.1 The pre-dispatch 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...
	15.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each combustion turbine (,CTAmt-t,k.) and steam turbine portion (,STAmt-t,k.):
	If ,TotalQ-t,k. < ,MMLP-k. then:
	Calculate ,CTAmt-t,k. = 0;and
	Calculate ,STAmt-t,k. = 0.
	Otherwise:
	CTAmtMLP = ,MMLP-k.∙,CTShareMLP-k.; and
	STAmtMLP = ,MMLP-k.∙,STShareMLP-k..
	If ,TotalQ-t,k.>, MMLP-k. + ,MDR-k., then:
	CTAmtDR = ,MDR-k.∙,CTShareDR-k.;
	STAmtDR = ,MDR-k.∙,STShareDR-k.; and
	STAmtDF = (1-,CSCM-k.)∙(,TotalQ-t,k.-,MMLP-k.-,MDR-k.).
	Otherwise:
	CTAmtDR = ,(TotalQ-t,k.-,MMLP-k.)∙,CTShareDR-k.;
	STAmtDR = ,(TotalQ-t,k.-,MMLP-k.)∙,STShareDR-k.;
	STAmtDF = 0;
	,CTAmt-t,k. = CTAmtMLP + CTAmtDR; and
	,STAmt-t,k. = STAmtMLP + STAmtDR + STAmtDF.
	15.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:
	,PRSTCap-t,k. = ,,,STAmt-t,k.-,w ∈ {1,..,K}-,STAmt-t,w....∙,STCap-t.
	15.2.3.1.3 Step 3: Determine if the pseudo-unit is available:
	If ,CTAmt-t.k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,STAmt-t,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	If ,CTCap-t,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,PRSTCap-t,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	15.2.3.1.4 Step 4: Initialize the operating region parameters for time-step t ∈ TS to the model parameter values:
	Set ,MLP-t,k. = ,MMLP-k..
	Set ,DR-t,k. = ,MDR-k..
	Set ,DF-t,k. = ,MDF-k..
	15.2.3.1.5 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-t,k.; and
	Set ,DR-t,k. = min(,DR-t,k. , P∙,MDR-k.).
	15.2.3.1.6 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-t,k..
	If R ≤ 1, update ,DF-t,k. = 0, and ,DR-t,k. = min(,DR-t,k. ,  R∙,MDR-k.).
	If R > 1, update ,DF-t,k. = min(,DF-t,k.,,PRSTCap-t,k.-SMLP-,STShareDR-k.∙,MDR-k.).

	15.2.4 Available Energy Laminations
	15.2.4.1 The pre-dispatch calculation engine shall determine the offer quantity laminations that may be scheduled for energy and operating reserve in each operating region for time-step t ∈ TS for each pseudo-unit 𝑘 ∈ {1,..,K}, subject to section 15....
	15.2.4.1.1 ,QMLP-t,k. designates the total quantity that may be scheduled in the minimum loading point region;
	15.2.4.1.2 ,QDR-t,k. designates the total quantity that may be scheduled in the dispatchable region; and
	15.2.4.1.3 ,QDF-t,k. designates the total quantity that may be scheduled in the duct firing region.
	15.2.4.2 The available offered quantity laminations shall be subject to the following conditions:
	0 ≤ ,QMLP-t,k. ≤ ,MLP-t,k.;
	0 ≤ ,QDR-t,k. ≤ ,DR-t,k.;
	0 ≤ ,QDF-t,k. ≤ ,DF-t,k.;
	if ,QMLP-t,k. < ,MLP-t,k., then the pseudo-unit is unavailable and ,QDR-t,k. = ,QDF-t,k. = 0; and
	if ,QDR-t,k. < ,DR-t,k., then ,QDF-t,k. = 0.

	15.3 Convert Physical Resource Constraints to Pseudo-Unit Constraints
	15.3.1 The pre-dispatch calculation engine shall convert physical resource constraints to pseudo-unit constraints, where:
	15.3.1.1 ,PSUMin-t,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-t,k-q. shall be set equal to 0;
	15.3.1.2 ,PSUMax-t,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-t,k-q. shall be set equal to ,MLP-t,k. + ,DR-t,k....
	15.3.1.3 ,CTCmtd-t,k. ∈ {0,1} designates whether combustion turbine k ∈ {1,..K} is considered committed in time-step t ∈ TS.

	15.3.2 The pre-dispatch calculation engine shall calculate the minimum and maximum limitations, subject to section 15.3.3.1, as follows:
	15.3.2.1 Minimum limitation: ,MinDG-t,k. = ,max-q ∈ {1,..Q}.,PSUMin-t,k-q.
	15.3.2.2 Maximum limitation: ,MaxDG-t,k. = ,min-q ∈ {1,..Q}.,PSUMax-t,k-q.
	where Q designates the number of constraints impacting a combined cycle facility that have been provided to the pre-dispatch calculation engine.

	15.3.3 Pseudo-Unit Minimum and Maximum Constraints
	15.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as follows:
	15.3.3.1.1 ,PSUMin-t,k. = PMin, where PMin shall be a minimum constraint provided on pseudo-unit k ∈ {1,..,K} for time-step t ∈ TS; and
	15.3.3.1.2 ,PSUMax-t,k. = PMax, 𝑃𝑀𝑎𝑥 shall be a maximum constraint provided on pseudo-unit k ∈ {1,..,K} for time-step t ∈ TS.

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

	15.3.5 Steam Turbine Minimum and Maximum Constraints
	15.3.5.1 The pre-dispatch calculation engine shall convert a stream turbine minimum constraint to a pseudo-unit constraints as follows:
	15.3.5.1.1 Step 1: Identify A ⊆ {1,..,K}, which designates the set of pseudo-units to which the constraint may be allocated where pseudo-unit k ∈ {1,..,K} is placed in set A if and only if ,CSCM-k. = 0 and ,CTCmtd-t,k. = 1. If the set A is empty, then...
	15.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of pseudo-unit k ∈ A:
	,STCap-k. = ,QMLP-t,k.∙,STShareMLP-k. + ,QDR-t,k.∙,STShareDR-k. + ,QDF-t,k..
	15.3.5.1.3 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 and ,STPMin-k. is limited by ,STCap-k..
	15.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be converted to a pseudo-unit constraint ,where for each pseudo-unit k ∈ A:
	If ,STPMin-k. < ,MLP-t,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. = ,STPMin-k.∙,,,CTShareMLP-k.-,STShareMLP-k...; and
	,CTMinDR-k. = 0.
	Otherwise, if ,STPMin-k. ≥ ,MLP-t,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. = ,MLP-t,k.∙,CTShareMLP-k.; and
	,CTMinDR-k. = ,,STPMin-k.-,MLP-t,k.∙,STShareMLP-k..∙,,,CTShareDR-k.-,STShareDR-k....
	Therefore:
	,PSUMin-t,k. = ,STPMin-k. + ,CTMinMLP-k. + ,CTMinDR-k..
	15.3.5.2 If pseudo-units with sufficient steam turbine capacity are not commited, then the pre-dispatch calculation engine shall not convert the entire quantity of the steam turbine minimum constraint to pseudo-unit constraints.
	15.3.5.3 The steam turbine maximum constraint shall be converted to a pseudo-unit constraint as follows:
	,𝑃𝑅𝑆𝑇𝑀𝑎𝑥-𝑡,𝑘.=,,,𝑆𝑇𝐴𝑚𝑡-𝑡,𝑘.-,𝑤∈{1,..,𝐾}-,𝑆𝑇𝐴𝑚𝑡-𝑡,𝑤....∙𝑆𝑇𝑀𝑎𝑥.
	15.3.5.3.1 If the converted steam turbine maximum constraint limits the steam turbine portion to below its minimum loading point, then
	,PSUMax-t,k. = 0.
	15.3.5.3.2 Otherwise, calculate R so that SMLP + R∙,STShareDR-k.∙,MDR-k. = ,PRSTMax-t,k.:
	If R ≤ 1, set ,PSUMax-t,k. = ,MLP-t,k. + min(,DR-t,k. , R∙,MDR-k.).
	If R > 1, set ,PSUMax-t,k. = ,MLP-t,k. + ,DR-t,k.  + ,PRSTMax-t,k.-SMLP-,STShareDR-k.∙,MDR-k..
	15.3.5.4 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 15.3.5.1 shall be used to determine equal ...

	15.4 Steam Turbine Forced Outages
	15.4.1 If the steam turbine experiences a forced outage, the pre-dispatch calculation engine shall evaluate the corresponding pseudo-units as resources being offered in single cycle mode.
	15.5 Single-Cycle Mode Flag Across Two Dispatch Days
	15.5.1 If the pre-dispatch look-ahead period spans two dispatch days and the single cycle mode flag across the two dispatch days differs, then the pre-dispatch calculation engine shall apply the following:
	15.5.1.1 If there are no future minimum constraints for the pseudo-unit before the end of the first dispatch day and if the IESO’s energy management system indicates that the combustion turbine associated with the pseudo-unit is not online, then the p...
	15.5.1.2 If there are no minimum reliability or commitment constraints on the pseudo-unit which cross into the next dispatch day and either there is a future minimum reliability or commitment constraint on the pseudo-unit that ends before the end of t...
	15.5.1.2.1 use the single cycle mode flag of the first dispatch day for the pre-dispatch look-ahead period in the first dispatch day and use the single cycle mode flag of the second dispatch day for the pre-dispatch look-ahead period in the second dis...
	15.5.1.2.2 schedule the pseudo-unit to 0 MW in the first hour of the second dispatch day.
	15.5.1.3 If there is a minimum reliability or commitment constraint on the pseudo-unit that crosses into the next dispatch day, then the pre-dispatch calculation engine shall:
	15.5.1.3.1 use the single cycle mode flag of the first dispatch day for the pre-dispatch look-ahead period in the first dispatch day and the beginning hours of the second dispatch day to meet such constraint;
	15.5.1.3.2 use the single cycle mode flag of the second dispatch day for pre-dispatch look-ahead period in the second disptch day after such constraint for the pseudo-unit has completed; and
	15.5.1.3.3 schedule the pseudo-unit to 0 MW in the first hour for which no reliability or commitment constraint applies in the second dispatch day.

	15.6 Conversion of Pseudo-Unit Schedules to Physical Resource Schedules
	15.6.1 For a combined cycle facility with K combustion turbines and one steam turbine, the pre-dispatch calculation engine shall compute the following energy and operating reserve schedules for time-step t ∈ TS:
	15.6.1.1 ,CTE-t,k., which designates the energy schedule for combustion turbine k ∈ {1,..,K};
	15.6.1.2 ,STPE-t,k. , which designates the energy schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K};
	15.6.1.3 ,STE-t. , which designates the energy schedule for the steam turbine;
	15.6.1.4 ,CT10S-t,k., which designates the synchronized ten-minute operating reserve schedule for combustion turbine k ∈ {1,..,K};
	15.6.1.5 ,STP10S-t,k., which designates the synchronized ten-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K};
	15.6.1.6 ,ST10S-t., which designates the synchronized ten-minute operating reserve schedule for the steam turbine;
	15.6.1.7 ,CT10N-t,k., which designates the non-synchronized ten-minute operating reserve schedule for combustion turbine k ∈ {1,..,K};
	15.6.1.8 ,STP10N-t,k., which designates the non-synchronized ten-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K};
	15.6.1.9 ,ST10N-t., which designates the non-synchronized ten-minute operating reserve schedule for the steam turbine;
	15.6.1.10 ,CT30𝑅-t,𝑘., which designates the thirty-minute operating reserve schedule for combustion turbine k ∈ {1,..,K};
	15.6.1.11 ,STP30R-t,k., which designates the thirty-minute operating reserve schedule for the steam turbine portion of pseudo-unit k ∈ {1,..,K}; and
	15.6.1.12 ,ST30R-t., which designates the thirty-minute operating reserve schedule for the steam turbine.

	15.6.2 The pre-dispatch calculation engine shall determine the following energy and operating reserve schedules for pseudo-unit k ∈ {1,..,K} in time-step t ∈ TS:
	15.6.2.1 ,SE-t,k. , which designates the total amount of energy scheduled and ,SE-t,k. = ,SEMLP-t,k. + ,SEDR-t,k. + ,SEDF-t,k. where:
	15.6.2.1.1 ,SEMLP-t,k. designates the portion of the schedule corresponding to the minimum loading point region, where 0 ≤ ,SEMLP-t,k. ≤ ,QMLP-t,k.;
	15.6.2.1.2 ,SEDR-t,k. designates the portion of the schedule corresponding to the dispatchable region, where 0 ≤ ,SEDR-t,k. ≤ ,QDR-t,k. and ,SEDR-t,k.> 0 only if ,SEMLP-t,k. = ,QMLP-t,k.;
	15.6.2.1.3 ,SEDF-t,k. designates the portion of the schedule corresponding to the duct firing region, where 0 ≤ ,SEDF-t,k. ≤ ,QDF-t,k. and ,SEDF-t,k.> 0 only if ,SEDR-t,k. = ,QDR-t,k.;
	15.6.2.2 ,S10S-t,k. , which designates the total amount of synchronized ten-minute operating reserve scheduled;
	15.6.2.3 ,S10N-t,k. , which 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-t,k. + ,S10S-t,k. + ,S10N-t,k. ≤ ,QMLP-t,...
	15.6.2.4 ,S30R-t,k. , which designates the total amount of thirty-minute operating reserve scheduled, where 0 ≤ ,SE-t,k. + ,S10S-t,k. + ,S10N-t,k. + ,S30R-t,k. ≤ ,QMLP-t,k. + ,QDR-t,k. + ,QDF-t,k..

	15.6.3 The pre-dispatch calculation engine shall convert pseudo-unit schedules to physical generation resource schedules for energy and operating reserve, as follows:
	15.6.3.1 If ,SE-h,k. ≥ ,MLP-h,k., then:
	,CTE-t,k. = ,SEMLP-t,k.∙,CTShareMLP-k. + ,SEDR-h,k.∙,CTShareDR-k.;
	,STPE-t,k. = ,SEMLP-t,k.∙,STShareMLP-k. + ,SEDR-t,k.∙,STShareDR-k. + ,SEDF-t,k.;
	,RoomDR-t,k. = ,QDR-t,k.-,SEDR-t,k.;
	,10SDR-t,k. = min(,RoomDR-t,k.,,S10S-t,k.);
	,10NDR-t,k. = min(,RoomDR-t,k. -, 10SDR-t,k.,,S10N-t,k.);
	,30RDR-t,k. = min(,RoomDR-t,k.-, 10SDR-t,k.-, 10NDR-t,k.,,S30R-t,k.);
	,CT10S-t,k. = ,10SDR-t,k.∙,CTShareDR-k.;
	,STP10S-t,k. = ,10SDR-t,k.∙,STShareDR-k. + (,S10S-t,k.-, 10SDR-t,k.);
	,CT10N-t,k. = ,10NDR-t,k.∙,CTShareDR-k.;
	,STP10N-t,k. = ,10NDR-t,k.∙,STShareDR-k. + (,S10N-t,k.-, 10NDR-t,k.);
	,CT30R-t,k. = ,30RDR-t,k.∙,CTShareDR-k.; and
	,STP30R-t,k. = ,30RDR-t,k.∙,STShareDR-k. + (,S30R-t,k.-, 30RDR-t,k.)
	15.6.3.2 If ,SE-t,k. < ,MLP-t,k. and is ramping to minimum loading point, then the conversion shall be determined by the ramp up energy to minimum loading point.
	15.6.3.3 The steam turbines portion schedules from section 15.6.3.1 shall be summed to obtain the steam turbine schedule as follows:
	,𝑆𝑇𝐸-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃𝐸-𝑡,𝑘..;
	,𝑆𝑇10𝑆-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑆-𝑡,𝑘..;
	,𝑆𝑇10𝑁-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑁-𝑡,𝑘..; and
	,𝑆𝑇30𝑅-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃30𝑅-𝑡,𝑘...


	16 Pricing Formulas
	16.1 Purpose
	16.1.1 The pre-dispatch calculation engine shall calculate locational marginal prices using shadow prices, constraint sensitivities and marginal loss factors.
	16.2 Sets, Indices and Parameters
	16.2.1 The sets, indices and parameters used to calculate locational marginal prices are described in section 4. In addition, the following shadow prices from Pass 1 shall be used:
	16.2.1.1 ,SPEmT-t,c,f-1. , which designates the Pass 1 shadow price for the post-contingency transmission constraint for facility f ∈ F in contingency c ∈ C in time-step t;
	16.2.1.2 ,SPExtT-t,z-1. , which designates the Pass 1 shadow price for the import or export limit constraint z ∈ ,Z-Sch. in time-step t;
	16.2.1.3 ,SPL-t-1. , which designates the Pass 1 shadow price for the energy balance constraint in time-step t;
	16.2.1.4 ,SPNIUExtBwdT-t-1., which designates the Pass 1 shadow price for the net interchange scheduling limit constraint limiting increases in net imports between time-step (t−1) and time-step t;
	16.2.1.5 ,SPNIDExtBwdT-t-1., which designates the Pass 1 shadow price for the net interchange scheduling limit constraint limiting decreases in net imports between time-step (t−1) and time-step t;
	16.2.1.6 ,SPNIUExtFwdT-t-1., which designates the Pass 1 shadow price for the net interchange scheduling limit constraint limiting increases in net imports between time-step t and time-step (t + 1);
	16.2.1.7 ,SPNIDExtFwdT-t-1., which designates the Pass 1 shadow price for the net interchange scheduling limit constraint limiting decreases in net imports between time-step t and time-step (t + 1);
	16.2.1.8 ,SPNormT-t,f-1. , which designates the Pass 1 shadow price for the pre-contingency transmission constraint for facility f ∈ F in time-step t;
	16.2.1.9 ,SP10S-t-1., which designates the Pass 1 shadow price for the total synchronized ten-minute operating reserve requirement constraint in time-step t;
	16.2.1.10 ,SP10R-t-1., which designates the Pass 1 shadow price for the total ten-minute operating reserve requirement constraint in time-step t;
	16.2.1.11 ,SP30R-t-1., which designates the Pass 1 shadow price for the total thirty-minute operating reserve requirement constraint in time-step t;
	16.2.1.12 ,SPREGMin10R-r,t-1. , which designates the Pass 1 shadow price for the minimum ten-minute operating reserve constraint for region r ∈ ORREG in time-step t;
	16.2.1.13 ,SPREGMin30R-r,t-1. , which designates the Pass 1 shadow price for the minimum thirty-minute operating reserve constraint for region r ∈ ORREG in time-step t;
	16.2.1.14 ,SPREGMax10R-r,t-1. , which designates the Pass 1 shadow price for the maximum ten-minute operating reserve constraint for region r ∈ ORREG in time-step t; and
	16.2.1.15 ,SPREGMax30R-r,t-1. , which designates the Pass 1 shadow price for the maximum thirty-minute operating reserve constraint for region r ∈ ORREG in time-step t.

	16.3 Locational Marginal Prices for Energy
	16.3.1 Energy Locational Marginal Prices for Delivery Points
	16.3.1.1 The pre-dispatch calculation engine shall calculate a locational marginal price and components for energy for Pass 1 and each time-step t ∈ TS for every bus b ∈ L where a non-dispatchable or dispatchable generation resource, a dispatchable lo...
	16.3.1.1.1 ,LMP-t,b-1. designates the Pass 1 time-step t locational marginal price for energy;
	16.3.1.1.2 ,PRef-t-1. designates the Pass 1 time-step t locational marginal price for energy at the reference bus;
	16.3.1.1.3 ,PLoss-t,b-1. designates the Pass 1 time-step t loss component; and
	16.3.1.1.4 ,PCong-t,b-1. designates the Pass 1 time-step t congestion component.
	16.3.1.2 The pre-dispatch calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy at the reference bus, a loss component and a congestion component for Pass 1 at bus b ∈ L in time-step...
	,InitLMP-t,b-1.  = ,InitPRef-t-1. + ,InitPLoss-t,b-1. + ,InitPCong-t,b-1.
	where:
	,InitPRef-t-1. = ,SPL-t-1.;
	Init,PLoss-t,b-1. = ,MglLoss-t,b-1.∙,SPL-t-1.;
	and
	16.3.1.3 If the initial locational marginal price for energy at the reference bus (,InitPRef-t-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the pre-dispatch calculation engine shall modify the locational marginal price for e...
	If Init,PRef-t-1.>EngyPrcCeil , set ,PRef-t-1. = EngyPrcCeil
	If ,InitPRef-t-1. < EngyPrcFlr, set ,PRef-t-1. = EngyPrcFlr
	Otherwise, set ,PRef-t-1. = ,InitPRef-t-1.
	16.3.1.4 If the initial locational marginal price for energy (,InitLMP-t,b-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the pre-dispatch calculation engine shall modify the locational marginal price for energy as follows:
	If ,InitLMP-t,b-1.>EngyPrcCeil, set ,LMP-t,b-1. = EngyPrcCeil
	If ,InitLMP-t,b-1. < EngyPrcFlr, set ,LMP-t,b-1. = EngyPrcFlr
	Otherwise, set ,LMP-t,b-1. = ,InitLMP-t,b-1.
	16.3.1.5 The pre-dispatch calculation engine shall modify the loss component as follows:
	If ,PRef-t-1.≠,InitPRef-t-1., set ,PLoss-t,b-1. = ,MglLoss-t,b-1.∙,PRef-t-1.
	Otherwise, set ,PLoss-t,b-1. = ,InitPLoss-t,b-1.
	16.3.1.6 The pre-dispatch calculation engine shall modify the congestion component as follows:
	If ,LMP-t,b-1. -,PRef-t-1.-,PLoss-t,b-1. and Init,PCong-t,b-1. have the same mathematical sign, then set ,PCong-t,b-1.= ,LMP-t,b-1. -,PRef-t-1.-,PLoss-t,b-1.
	Otherwise, set ,PCong-t,b-1. = 0 and set ,PLoss-t,b-1. = ,LMP-t,b-1.-,PRef-t-1.

	16.3.2 Energy Locational Marginal Prices for Intertie Metering Points
	16.3.2.1 The pre-dispatch calculation engine shall calculate a locational marginal price and components for energy for Pass 1 and each time-step t ∈ TS for intertie zone bus d ∈ D, where:
	16.3.2.1.1 ,ExtLMP-t,d-1. designates the Pass 1 time-step t locational marginal price for energy;
	16.3.2.1.2 ,IntLMP-t,d-1. designates the Pass 1 time-step t intertie border price for energy;
	16.3.2.1.3 ,ICP-t,d-1. designates the Pass 1 time-step t intertie congestion price;
	16.3.2.1.4 ,PRef-t-1. designates the Pass 1 time-step t locational marginal price for energy at the reference bus;
	16.3.2.1.5 ,PLoss-t,d-1. designates the Pass 1 time-step t loss component;
	16.3.2.1.6 ,PIntCong-t,d-1. designates the Pass 1 time-step t internal congestion component for energy;
	16.3.2.1.7 ,PExtCong-t,d-1. designates the Pass 1 time-step t external congestion component for the intertie congestion price; and
	16.3.2.1.8 ,PNISL-t,d-1. designates the Pass 1 time-step t net interchange scheduling limit congestion component for the intertie congestion price.
	16.3.2.2 The pre-dispatch calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy for the reference bus, a loss components and a congestion components for energy for Pass 1 at intertie...
	16.3.2.3 If the initial locational marginal price for energy (InitExt,LMP-t,d-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the pre-dispatch calculation engine shall modify the intertie border price for energy, and its compon...
	16.3.2.3.1 The initial locational marginal price for the reference bus (,InitPRef-t-1.) shall be modified as per section 16.3.1.3;
	16.3.2.3.2 The initial intertie border price (,InitIntLMP-t,d-1.) shall be modified as per section 16.3.1.4, where ,InitLMP-t,b-1. = ,InitIntLMP-t,d-1.;
	16.3.2.3.3 The initial loss component (,InitPLoss-t,d-1.) shall be modified as per section 16.3.1.5; and
	16.3.2.3.4 The initial internal congestion component (,InitPIntCong-t,d-1.) shall be modified as per section 16.3.1.6, where Init,PCong-t,b-1. = ,InitPIntCong-t,d-1..
	16.3.2.4 If the initial locational marginal price for energy (InitExt,LMP-t,d-1.) is not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the pre-dispatch calculation engine shall modify the locational marginal price for energy, as follows:
	If Init,ExtLMP-t,d-1.>EngyPrcCeil, set ,ExtLMP-t,d-1. = EngyPrcCeil
	If Init,ExtLMP-t,d-1. < EngyPrcFlr, set ,ExtLMP-t,d-1. = EngyPrcFlr
	Otherwise, set ,ExtLMP-t,d-1. = ,InitExtLMP-t,d-1.
	16.3.2.5 If the modified locational marginal price for energy (,ExtLMP-t,d-1.) is equal to the intertie border price for energy (,IntLMP-t,d-1.), then the pre-dispatch calculation engine shall modify the external congestion component for the intertie ...
	If ,ExtLMP-t,d-1. = ,IntLMP-t,d-1., set ,PExtCong-t,d-1. = 0 and ,PNISL-t,d-1. = 0
	16.3.2.6 If the modified locational marginal price for energy (,ExtLMP-t,d-1.) is not equal to the intertie border price for energy (,IntLMP-t,d-1.), then the pre-dispatch calculation engine shall modify the external congestion component for the inter...
	If ,ExtLMP-t,d-1. ≠, IntLMP-t,d-1., set
	,PNISL-t,d-1. = (,ExtLMP-t,d-1.−,IntLMP-t,d-1.)∙,,,InitPNISL-h,d-1.-,InitPNISL-t,d-1. + ,InitPExtCong-t,d-1....
	If ,PNISL-t,d-1. > NISLPen, set ,PNISL-t,d-1. =  NISLPen
	If ,PNISL-t,d-1. < (-1)∙NISLPen, set ,PNISL-t,d-1. =  (-1)∙NISLPen
	Then ,PExtCong-t,d-1. = ,ExtLMP-t,d-1.-,IntLMP-t,d-1.-,PNISL-t,d-1.
	16.3.2.7 The pre-dispatch calculation engine shall calculate the intertie congestion price as follows:
	,ICP-t,d-1. = ,PExtCong-t,d-1. + ,PNISL-t,d-1.
	16.3.2.8 The locational marginal price for energy calculated by the pre-dispatch 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 reso...
	16.3.2.9 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 ...

	16.3.3 Zonal Prices for Energy
	16.3.3.1 The pre-dispatch calculation engine shall calculate the zonal price for energy and its components for Pass 1 and each time-step t for each virtual transaction zone m ∈ M, as follows:
	,VZonalP-t,m-1.  = ,PRef-t-1. + ,VZonalPLoss-t,m-1. +  ,VZonalPCong-t,m-1.
	where
	and
	16.3.3.2 The pre-dispatch calculation engine shall calculate the zonal price for  energy and its components for Pass 1 and each time-step t for each non-dispatchable load zone y ∈ Y, as follows:
	,ZonalP-t,y-1.  = ,PRef-t-1. + ,ZonalPLoss-t,y-1. +  ,ZonalPCong-t,y-1.
	where:
	and
	16.3.3.3 The Ontario zonal price is calculated per section 16.3.3.2 where the non-dispatchable load zone is comprised of all non-dispatchable loads within Ontario.

	16.3.4 Pseudo-Unit Pricing
	16.3.4.1 The pre-dispatch calculation engine shall calculate a locational marginal price and components for energy for Pass 1 and each time-step t for every pseudo-unit k ∈ {1,..,K}, where:
	16.3.4.1.1 ,CTMglLoss-t,k-1. designates the marginal loss factor for the combustion turbine identified by pseudo-unit k for time-step t in Pass 1;
	16.3.4.1.2 ,STMglLoss-t,k-p. designates the marginal loss factor for the steam turbine identified by pseudo-unit k for time-step t in Pass 1;
	16.3.4.1.3 ,CTPreConSF-t,f,k. designates the pre-contingency sensitivity factor for the combustion turbine identified by pseudo-unit k on facility f during time-step t under pre-contingency conditions;
	16.3.4.1.4 ,STPreConSF-t,f,k. designates the pre-contingency sensitivity factor for the steam turbine identified by pseudo-unit k on facility f during time-step t under pre-contingency conditions;
	16.3.4.1.5 ,CTSF-t,c,f,k. designates the post-contingency sensitivity factor for the combustion turbine identified by pseudo-unit k on facility f during time-step t under post-contingency conditions for contingency c; and
	16.3.4.1.6 ,STSF-t,c,f,k. designates the post-contingency sensitivity factor for the steam turbine identified by pseudo-unit k on facility f during time-step t under post-contingency conditions for contingency c.
	16.3.4.2 The pre-dispatch calculation engine shall calculate an initial locational marginal price for energy, a locational marginal price for energy at the reference bus, a loss component and a congestion component for Pass 1 and each time-step t for ...
	,InitLMP-t,k-1. =,InitPRef-t-1. + ,InitPLoss-t,k-1. + ,InitPCong-t,k-1.
	where:
	,InitPRef-t-1.=,SPL-t-1.;
	Init,PLoss-t,k-1.=,MglLoss-t,k-1.∙,SPL-t-1.;
	and
	16.3.4.3 If pseudo-unit k ∈ {1,..,K} is scheduled within its minimum loading point range or not scheduled at all, its marginal loss and sensitivity factors shall be:
	,MglLoss-t,k-1. =, CTShareMLP-k. ∙,CTMglLoss-t,k-1. +, STShareMLP-k. ∙,STMglLoss-t,k-1.
	,PreConSF-t,f.k. =, CTShareMLP-k.∙, CTPreConSF-t,f,k. +, STShareMLP-k.∙, STPreConSF-t,f,k.
	,SF-t,c,f,k. = ,CTShareMLP-k. ∙,CTSF-t,c,f,k. + ,STShareMLP-k. ∙,STSF-t,c,f,k.
	16.3.4.4 If pseudo-unit k ∈ {1,..,K} is scheduled within its dispatchable region, its marginal loss and sensitivity factors shall be:
	,MglLoss-t,k-1.=,CTShareDR-k.∙,CTMglLoss-t,k-1.+,STShareDR-k.∙,STMglLoss-t,k-1.
	,PreConSF-t,f,k. =, CTShareDR-k.∙, CTPreConSF-t,f,k. +, STShareDR-k.∙, STPreConSF-t,f,k.
	,SF-t,c,f,k. = ,CTShareDR-k. ∙,CTSF-t,c,f,k. +, STShareDR-k.∙, STSF-t,c,f,k.
	16.3.4.5 If pseudo-unit k ∈ {1,..,K} is scheduled within its duct firing region, its marginal loss and sensitivity factors shall be:
	,MglLoss-t,k-1. =, STMglLoss-t,k-1.
	,PreConSF-t,f,k. =, STPreConSF-t,f,k.
	,SF-t,c,f,k. =, STSF-t,c,f,k.

	16.4 Locational Marginal Prices for Operating Reserve
	16.4.1 Operating Reserve Locational Marginal Prices for Delivery Points
	16.4.1.1 The pre-dispatch calculation engine shall calculate a locational marginal price and components for operating reserve for Pass 1 and each time-step t for a delivery point associated with the dispatchable generation resource and dispatchable lo...
	16.4.1.1.1 ,L30RP-t,b-1. designates the Pass 1 time-step t locational marginal price for thirty-minute operating reserve;
	16.4.1.1.2 ,P30RRef-t-1. designates the Pass 1 time-step t locational marginal price for thirty-minute operating reserve at the reference bus;
	16.4.1.1.3 ,P30RCong-t,b-1. designates the Pass 1 time-step t congestion component for thirty-minute operating reserve;
	16.4.1.1.4 ,L10NP-t,b-1. designates the Pass 1 time-step t locational marginal price for non-synchronized ten-minute operating reserve;
	16.4.1.1.5 ,P10NRef-t-1. designates the Pass 1 time-step t locational marginal price for non-synchronized ten-minute operating reserve at the reference bus;
	16.4.1.1.6 ,P10NCong-t,b-1. designates the Pass 1 time-step t congestion component for non-synchronized ten-minute operating reserve;
	16.4.1.1.7 ,L10SP-t,b-1. designates the Pass 1 time-step t locational marginal price for synchronized ten-minute operating reserve;
	16.4.1.1.8 ,P10SRef-t-1. designates the Pass 1 time-step t locational marginal prices for synchronized ten-minute operating reserve at the reference bus;
	16.4.1.1.9 ,P10SCong-t,b-1. designates the Pass 1 time-step t congestion component for synchronized ten-minute operating reserve; and
	16.4.1.1.10 ,ORREG-b. ⊆ ORREG as the subset of ORREG consisting of regions that include bus b.
	16.4.1.2 The pre-dispatch calculation engine shall calculate an initial locational marginal price, a locational marginal price at the reference bus, and congestion components for Pass 1 for a delivery point associated with the dispatchable generation ...
	,InitL30RP-t,b-1. = ,InitP30RRef-t-1. + ,InitP30RCong-t,b-1.
	where
	Init,P30RRef-t-1. = ,SP30R-t-1.
	and
	16.4.1.3 If the initial locational marginal price at the reference bus (,InitP30RRef-t-1., ,InitP10NRef-t-1., or ,InitP10SRef-t-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the pre-dispatch calculation engine shall modify the lo...
	If ,InitP30RRef-t-1.> ORPrcCeil , set ,P30RRef-t-1. = ORPrcCeil;
	If, InitP30RRef-t-1. < ORPrcFlr, set ,P30RRef-t-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-t-1. = ,InitP30RRef-t-1..
	If ,InitP10NRef-t-1.> ORPrcCeil , set ,P10NRef-t-1. = ORPrcCeil
	If ,InitP10NRef-t-1. < ORPrcFlr, set ,P10NRef-t-1. = ORPrcFlr
	Otherwise, set ,P10NRef-t-1. = ,InitP10NRef-t-1.
	If ,InitP10SRef-t-1.,ORPrcFlr > ORPrcCeil , set ,10SRef-t-1. = ORPrcCeil
	If ,InitP10SRef-t-1., ORPrcFlr < ORPrcFlr, set ,10SRef-t-1. = ORPrcFlr
	Otherwise, set ,10SRef-t-1. = ,InitP10SRef-t-1.
	16.4.1.4 If the initial locational marginal price (,InitL30RP-t,b-1.,  ,InitL10NP-t,b-1., or ,InitL10SP-t,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the pre-dispatch calculation engine shall modify the locational marginal pr...
	If ,InitL30RP-t,b-1. > ORPrcCeil, set ,L30RP-t,b-1. = ORPrcCeil;
	If ,InitL30RP-t,b-1. < ORPrcFlr, set ,L30RP-t,b-1. = ORPrcFlr;
	Otherwise, set ,L30RP-t,b-1. = ,InitL30RP-t,b-1..
	If ,InitL10NP-t,b-1. > ORPrcCeil, set ,L10NP-t,b-1. = ORPrcCeil;
	If ,InitL10NP-t,b-1. < ORPrcFlr, set ,L10NP-t,b-1. = ORPrcFlr;
	Otherwise, set ,L10NP-t,b-1. = ,InitL10NP-t,b-1..
	If ,InitL10SP-t,b-1. > ORPrcCeil, set ,L10SP-t,b-1. = ORPrcCeil;
	If ,InitL10SP-t,b-1. < ORPrcFlr, set ,L10SP-t,b-1. = ORPrcFlr;
	Otherwise, set ,L10SP-t,b-1. = ,InitL10SP-t,b-1..
	16.4.1.5 If the initial locational marginal price (,InitL30RP-t,b-1.,  ,InitL10NP-t,b-1., 𝑜𝑟 ,InitL10SP-t,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the pre-dispatch calculation engine shall modify the congestion component...
	Set ,P30RCong-t,b-1. = ,L30RP-t,b-1.-,P30RRef-t-1.;
	Set ,P10NCong-t,b-1. = ,L10NP-t,b-1.-,P10NRef-t-1.; and
	Set ,P10SCong-t,b-1. = ,L10SP-t,b-1.-,P10SRef-t-1..
	16.4.1.6 Operating Reserve Locational Marginal Prices for Intertie Metering Points
	16.4.1.7 The pre-dispatch calculation engine shall calculate a locational marginal price and components for operating reserve for Pass 1 and each time-step t ∈ TS for intertie zone bus d ∈ D, where:
	16.4.1.7.1 ,ExtL30RP-t,d-1. designates the Pass 1 time-step t locational marginal price for thirty-minute operating reserve;
	16.4.1.7.2 ,P30RRef-t-1. designates the Pass 1 time-step t locational marginal price for thirty-minute operating reserve at the reference bus;
	16.4.1.7.3 ,P30RIntCong-t,d-1. designates the Pass 1 time-step t internal congestion component  for thirty-minute operating reserve;
	16.4.1.7.4 ,P30RExtCong-t,d-1. designates the Pass 1 time-step t intertie congestion component  thirty-minute operating reserve;
	16.4.1.7.5 ,ExtL10NP-t,d-1. designates the Pass 1 time-step t locational marginal price for non-synchronized ten-minute operating reserve;
	16.4.1.7.6 ,P10NRef-t-1. designates the Pass 1 time-step t locational marginal price for non-synchronized ten-minute operating reserve at the reference bus;
	16.4.1.7.7 ,P10NIntCong-t,d-1. designates the Pass 1 time-step t internal congestion component for non-synchronized ten-minute operating reserve;
	16.4.1.7.8 ,P10NExtCong-t,d-1. designates the Pass 1 time-step t external congestion component for non-synchronized ten-minute operating reserve; and
	16.4.1.7.9 ,ORREG-d. ⊆ ORREG as the subset of ORREG consisting of regions that include bus d.
	16.4.1.8 The pre-dispatch calculation engine shall calculate initial locational marginal price, locational marginal price at the reference bus, internal congestion component and external congestion component for Pass 1 at intertie zone bus d ∈ ,D-a. i...
	,InitExtL30RP-t,d-1. = ,InitP30RRef-t-1. + ,InitP30RIntCong-t,d-1. + ,InitP30RExtCong-t,d-1.
	where:
	,InitP30RRef-t-1. = ,SP30R-t-1.;
	,InitP30RIntCong-t,d-1. = ,r∈,ORREG-d.-,SPREGMin30R-t,r-1..-,r∈,ORREG-d.-, SPREGMax30R-t,r-1..;
	and
	,InitExtL10NP-t,d-1. = ,InitP10NRef-t-1. + ,InitP10NIntCong-t,d-1. + ,InitP10NExtCong-t,d-1.
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	and
	16.4.1.9 If the initial locational marginal price (,InitExtL30RP-t,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the pre-dispatch calculation engine shall modify the locational marginal price, the locational marginal price at t...
	IntL30R = ,InitP30RRef-t-1. + ,InitP30RIntCong-t,d-1.;
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	If ,InitExtL30RP-t,b-1. < ORPrcFlr, set ,ExtL30RP-t,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-t,b-1.  = ,InitExtL30RP-t,b-1.; and
	Set ,P30RExtCong-t,d-1. = ,ExtL30RP-t,b-1.-,P30RRef-t-1.-,P30RIntCong-t,d-1.
	16.4.1.10 If the initial locational marginal price (,InitExtL10NP-t,b-1.) is not within the settlement bounds (ORPrcFlr, ORPrcCeil), then the pre-dispatch calculation engine shall modify the initial locational marginal price, locational marginal price...
	IntL10N = ,InitP10NRef-t-1. + ,InitP10NIntCong-t,d-1.;
	If ,InitP10NRef-t-1. > ORPrcCeil , set ,P10NRef-t-1. = ORPrcCeil;
	If ,InitP10NRef-t-1. < ORPrcFlr, set ,P10NRef-t-1. = ORPrcFlr;
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	If ,InitExtL10NP-t,b-1. < ORPrcFlr, set ,ExtL10NP-t,b-1. = ORPrcFlr;
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	Set ,P10NExtCong-t,d-1. = ,ExtL10NP-t,b-1. -, P10NRef-t-1.-, P10NIntCong-t,d-1.
	16.4.1.11 The locational marginal price calculated by the pre-dispatch 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 sp...
	16.4.1.12 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 o...
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	16.5.1.1 Determine the connection paths over open switches that connect the non-quick start resource to the main island;
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	16.5.1.3 Select the reconnection path with the highest priority rating, breaking ties arbitrarily.

	16.5.2 For all (i) resources other than those specified in section 16.5.1 not connected to the main island; (ii) non-quick start resources where a price was not able to be determined in accordance with section 16.5.1; the pre-dispatch calculation engi...
	16.5.2.1 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;
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