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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

proposed for

amending:

Current Market Rules

Baseline:

Part 2 - Proposal History

Version | Reason for Issuing Version Date

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

3.0 Draft for Stakeholder Review March 13, 2024
4.0 Draft for Technical Panel Review March 26, 2024

Approved Amendment Publication Date:

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

Provide a brief description that includes some or all of the following points:

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

e Alternative solutions considered.

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

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

The proposed introduction of Appendix 7.5A of Chapter 7: The Pre-Dispatch Calculation Engine
Process describes the process used by the pre-dispatch calculation engine to determine
commitments, schedules and prices for the pre-dispatch look-ahead period.

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

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

Background

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

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

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

Subsequent to the latest publication of the above referenced Summary of Calculation Engine
Appendices, the IESO proposed revisions to sections 11 and 14 of Appendix 7.5A. The revisions
include the following:

e Sections 11 and 14 related to conduct tests and price impact tests for energy and
operating reserve were amended to include an absolute value operator in the equations
to address outcomes caused by negative prices; and
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https://www.ieso.ca/en/Market-Renewal
https://www.ieso.ca/-/media/Files/IESO/Document-Library/engage/imrm/imrm-20220222-calculation-engine-presentation.pdf
https://www.ieso.ca/-/media/Files/IESO/Document-Library/engage/imrm/summary-of-batch-3-market-rules-for-calculation-engines-20240313.pdf

e Correction of a typographical error in section 11.5.1.1.5 to replace PLONDG with the
correct variable PLONDL.

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.

Page 3 of 155 Public IMO_FORM _1087v13.00
REV-21-06



Appendix 7.5A — The Pre-Dispatch
Calculation Engine Process

1.1 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

2.1 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

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

4.1 Fundamental Sets and Indices

4.1.1

4.1.10

4.1.11

4.1.12

4.1.13
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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 € Bdesignates the set of buses identifying dispatchable loads;

BFIR © BPC designates the subset of buses identifying energy limited
resources,

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

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

A(B"F) designates the set of all subsets of the set B,

prE 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 c o( B"E) 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 ¢ BHE designates the subset of buses identifying dispatchable
hydroelectric generation resources in set s € SHE;

BP¢ 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;
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4.1.14

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
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BV ¢ BPG designates the subset of buses identifying dispatchable non-
quick start resources;

BPSU < BNOS designates the subset of buses identifying pseudo-units;

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

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

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

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

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

DIFM ¢ DI designates the intertie zone buses corresponding to emergency
energy import transactions for time-step £€ 7,
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4.1.29

4.1.30

4.1.31

4.1.32

4.1.33

4.1.34

4.1.35

4.1.36

4.1.37

4.1.38

4.1.39

4.1.40

4.1.41
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DIFMNS € DIFM designates the intertie zone buses corresponding to
emergency energy import transactions that do not support emergency
energy export transactions in time-step t€ 75

DINP € 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
a€E 4

DXCAPEX € DX designates the intertie zone sink buses identifying export
bids flagged as capacity exports in time-step £

DXNP c DX designates the intertie zone buses corresponding to
inadvertent energy payback export transactions for time-step £ € 7.

DXEM 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€ 75,

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

J '},9,5 designates the set of reference level value laminations for

synchronized ten-minute operating reserve at bus b € B for time-step
te7Ts

/};21\/ designates the set of offer laminations for non-synchronized ten-
minute operating reserve at bus b € BU DX for time-step t€ TS,
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4.1.42

4.1.43

4.1.44

4.1.45

4.1.46

4.1.47

4.1.48

4.1.49

4.1.50

4.1.51

4.1.52

4.1.53
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J '}}},’V designates the set of reference level value laminations for non-

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

[I?,R designates the set of offer laminations for thirty-minute operating
reserve offer at bus b € BU DX for time-step t€ 75

'EJ%R designates the set of reference level value laminations for thirty-

minute operating reserve at bus b € B for time-step t€ 75;

Kf}: c K’f , designates the set of offer laminations for energy

corresponding to the duct firing region of a pseudo-unit at bus b € BV

for time-step t€ TS,

Kff c K’f , designates the set of offer laminations for energy

corresponding to the dispatchable region of a pseudo-unit at bus b € BV
for time-step t€ TS

Kf ;, designates the set of offer laminations for energy at bus b€ BU DI for
time-step t€ 75,

K fb designates the set of reference level value laminations for energy at
bus b € B for time-step t€ 7S

K%MLP designates the set of offer laminations for energy quantities up to

the minimum loading point for a non-quick start resource at
bus b € BNfor time-step t€ TS

K CLbTMLP designates the set of reference level value laminations for energy

quantities up to the minimum loading point reference level for a non-quick
start resource at bus b € BV for time-step t€ TS

K}l(},s designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B for time-step t€ 75,

t’ll? 5 designates the set of reference level value laminations for

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

1(%?,” designates the set of offer laminations for non-synchronized ten-
minute operating reserve at bus b € BU DI for time-step t€ TS;
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4.1.54

4.1.55

4.1.56

4.1.57

4.1.58

4.1.59

4.1.60
4.1.61
4.1.62
4.1.63

4.1.64

4.1.65

4.1.66

4.1.67

4.1.68
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K" designates the set of reference level value laminations for non-

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

esignates the set of offer laminations for thirty-minute operatin
K3OF designates the set of 1 tions for ¢/ P g
reserve at bus b € BU DI for time-step t€ 75,

K "Z?f' designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for time-step £ € T

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

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

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

M designates the set of virtual transaction zones,
NCA designates the set of narrow constrained areas,
DCA designates the set of dynamic constrained areas;
BCA designates the set of broad constrained areas;

PST designates the set of steam turbine resources 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 1, 4p designates the number of time-steps in the look-
ahead period;

7S,,q € TS designates the time-steps in the look-ahead period that are part
of the current dispatch day;
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4.1.69

4.1.70

4.1.71

4.1.72

4.1.73

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

TSC, € 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

Zs., designates the set of all infertie limit constraints.

4.2 Market Participant Data Parameters

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

4.2.1.1

BNDG.

QNDG,, ; designates the maximum incremental quantity of energy that
may be scheduled in time-step £€ 7.5in association with offer lamination
ke K’f ; and

4.2.1.2 PNDG,, ; designates the price for the maximum incremental quantity of

energy in time-step £ € 75in association with offer lamination k € K‘f b
4.2.2 With respect to a dispatchable generation resource identified by bus b € B¢

4.2.2.1 MinQDG, ;, designates the minimum loading point for day q € DAYS;

4222 QDG designates the maximum incremental quantity of energy above
the minimum loading point that may be scheduled in time-step € 7.5in
association with offer lamination k€ K’f ;

4223 PDG,},  designates the price for the maximum incremental quantity of
energy in time-step £ € 75in association with offer lamination k € K‘f ;

4224 Q105DG,p, . designates the maximum incremental quantity of
synchronized ten-minute operating reserve in time-step t€ 75in
association with offer lamination k€ 525;

4225 P10SDG,p, i designates the price for the maximum incremental quantity of
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synchronized fen-minute operating reserve in time-step t€ 7.5in
association with offer lamination k € 525;
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4.2.2.6

4.2.2.7

4228

4229

4.2.2.10

42211

4.2.2.12

4.2.2.13

4.2.2.14

4.2.2.15

4.2.2.16

Q1ONDG, p,  designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve in time-step t€ 7.5in

association with offer lamination k€ K30

P1ONDG,, ; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in time-step t€ 751in

association with offer lamination k€ K197,

@30RDG,j,  designates the maximum incremental quantity of thirty-
minute operating reserve in time-step £ € 7.51in association with offer
lamination k€ z:(l):RQ

P30RDG,,  designates the price for the maximum incremental quantity of
thirty-minute operating reserve in time-step ¢ € 75 in association with
offer lamination k € ;},R;

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

NumRRDG, , designates the number of ramp rates provided in time-step
te7Ts;

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

URRDG,},,, for w€ {1,.,NumRRDG, ,} designates the 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, p, ., where
RmpRngMaxDG,,, shall be equal to zero;

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

RLP30R,, designates the reserve loading point for thirty-minute
operating reserve in time-step t€ 75, and

RLP10S, , designates the reserve loading point for synchronized ten-
minute operating reserve in time-step t€ 7.

4223 With respect to a dispatchable non-quick start resource identified by bus b€ BV :
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4.2.3.1

4232

4233

4234

4.2.3.5

4.2.3.6

4.2.3.7

4238

4239

4.2.3.10

4.2.3.11

4.2.3.12

4.2.3.13
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LTy}, designates the lead time in dispatch day q € DAYS for thermal state
m € THERM,

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

MGODG,, = SNL,,+ Z PLTMLE, ;" QLTMLE, .

TMLP
keKy]

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 OT 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. DGg‘,),LD 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 t€ 7S 1n association with offer lamination kK € K%MLP ;

QLTMLF,;, ; designates the maximum incremental quantity of energy up to
the minimum loading point that may be scheduled in time-step £t € 75in
association with offer lamination k € K%MLP ;

Rampky), ,, designates the ramp up energy to minimum loading point in
dispatch day q € DAYS for w€ {1,.,RampHrs),} and thermal state
m € THERM,

RampHrs[’l'fb 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,
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4.23.14 SUDG'?;;’M designates the start-up offer used to evaluate the day-ahead
operational commitment starting in time-step t € 75C;

4.2.3.15 SUAdjDG/, designates the start-up offer that the optimization function
will evaluate in time-step ¢ € 7S under thermal state m.

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

424.1 MaxDEL, ), 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 e BE:

4.2.5.1 MinHMR, , designates the hourly must-run value in time-step t€ 75,

4252 MinHO,, designates the minimum hourly output in time-step t€ T,

4253 MinDEL, ), designates the minimum daily energy limit for a single
resource with of without a registered forebay within dispatch day
q€ DAYS;

4254  MaxStartsHE, ;, designates the maximum number of starts per day within
dispatch day q € DAYS:

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

4.2.5.6 (ForLyy,;, ForU,)) 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.

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

4.2.6.1 MaxSDEL, ; designates the maximum daily energy limit shared by all
dispatchable hydroelectric generation resources in set s € SHE for
dispatch day q € DAYS, and
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4.2.7

4.2.8

4.2.9

4.2.6.2 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:

4.2.7.1 LNK, < B’u”}‘,E xBYE designates the set of linked dispatchable hydroelectric
generation resources for dispatch day q € DAYS, where LNK,, designates

a set with elements of the form (b, b,) where b, € Bquf and b, € BE;

4.2.7.2 Laggp, b, € {0,.,23} designates the time lag in hours between upstream
dispatchable hydroelectric generation resources b, € BZ]E and

downstream dispatchable hydroelectric generation resources b, € BIE for
(b1,b,) € LNK, for dispatch day q € DAYS; and

4.2.73 MWhRatio,, 1, designates the MWh ratio between upstream
dispatchable hydroelectric generation resources by € Bﬁ'r]f and

downstream dispatchable hydroelectric generation resources b, € BHE for
(b1,by) € LNK, for dispatch day q € DAYS.

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

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

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

4.2.8.3 RampCTy}, ,, 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
resource for we {1,..,RampHrSZ/’b}; and

4284  RampSTy),, designates the quantity of energy injected whours 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
resource for we {1,..,RampHrsf]’,’b}.

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

4.29.1 @DL,y,; designates the maximum incremental quantity of energy that may
be scheduled in time-step £ € 7.5in association with bid lamination j € /fb;
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4.29.2

4293

4294

4.2.9.5

4.2.9.6

4.2.9.7

4.2.9.8

4299

4.2.9.10

4.29.11

4.2.9.12

4.2.9.13
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PDL,y,; designates the price for the maximum incremental quantity of
energy in time-step £ € 75in association with bid lamination j € jfb;

@105DL, ), ; designates the maximum incremental quantity of synchronized
ten-minute operating reserve that may be scheduled in time-step £€ 7.Sin
association with offer lamination j € /}/25;

P10SDL, ), ; designates the price for the maximum incremental quanitity of
synchronized fen-minute operating reserve in time-step t€ 7.5in

association with offer lamination j € /}/25;

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

step t€ 7Sin association with offer lamination j € /}’?,N ;

P1ONDL, ; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in time-step t€ 75in

association with offer lamination j€ /;3";

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

P30RDL,,,; designates the price for the maximum incremental quantity of
thirty-minute operating reserve in time-step ¢t € 7.5in 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
te TS,

RmpRngMaxDL,,,, for we {1,.,NumRRDL, ,} designates the w" ramp
rate break point in time-step t€ 7

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

DRRDL,,, ,, for we€ {1,.,NumRRDL, ,} designates the ramp rate in MW
per minute at which the dispatchable load can decrease its amount of
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energy consumption in time-step ¢€ 75 while operating in the range
between RmpRngMaxDL,y, ., and RmpRngMaxDL,,,, where
RmpRngMaxDL, ;o shall be equal to zero; and

4.2.9.14  QDLFIRM,; designates the quantity of energy that is bid at the maximum
market clearing price in time-step t € 7.

4.2.10 With respect to an hourly demand response resource identified by bus b € B#P:

4.2.10.1  QHDR;; designates an maximum incremental quantity of reduction in
energy consumption that may be scheduled in time-step £ € 7S5in
association with bid lamination j € /fb;

4.2.10.2  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;

4.2.10.3 URRHDR), 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), 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:

42.11.1  QIG, 44 designates the maximum incremental quantity of energy that may
be scheduled to import in time-step ¢ € 7.5in association with offer
lamination k€ Kf ;

42112  PIG,; ;4 designates the price for the maximum incremental quantity of
energy may be scheduled to import in time-step £ € 7.5in association with
offer lamination k € Kf ;

42113  Q10NIG, 44 designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve that may be scheduled in time-
step t€ 7S1n association with offer lamination kK € [(%’?/V ;

42114  P1ONIG,,; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in time-step t€ 751in

association with offer lamination k€ K%/
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4.2.11.5

4.2.11.6

Q30RIG, 4 designates the maximum incremental quantity of thirty-minute
operating reserve quantity that may be scheduled in time-step £€ 7.Sin

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 ¢t € 75in association with
offer lamination k € L‘/?,R.

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

4.2.12.2

4.2.12.3

4.2.12.4

4.2.12.5

4.2.12.6

QXL 4, designates the maximum incremental quantity of energy that may
be scheduled to export in time-step € 75in association with bid
lamination j € /7 ;

PXL, 4, designates the price for the maximum incremental quantity of
energy that may be scheduled to export in time-step € 7.51in association
with bid lamination j € /fd;

Q10NXL, 4, designates the maximum incremental quantity of non-
synchronized fen-minute operating reserve that may be scheduled to
provide in time-step ¢ € 75 in association with offer lamination j € };2” ;
P10NXL, 4; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in time-step t€ 75in

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€ 7.Sin
association with offer lamination j € jz?jR; 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 € /igR.

4.2.13 With respect to a linked wheeling through transaction:

4.2.13.1
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L, € DXxDI designates the set of linked boundary entity resource import
and export buses corresponding to linked wheeling through transactions,
where L, is a set with elements of the form (dx, di) where dx € DX and
di€ DI.
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4.3

IESO Data Parameters

4.3.1 Variable Generation Forecast

4.3.1.1 FG,j, designates the IESO'’s centralized variable generation forecast for a
variable generation resource identified by bus b € B"C in time-step
te TS

432 Variable Generation Tie-Breaking

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

4322 TBM,j, € {1,.,NumVG,} designates the tie-breaking modifier for the
variable generation resource at bus b € B'¢ for time-step t€ TS

433 Intertie Curtailments

4.3.3.1 ICMaxXL, ; designates the maximum limit on the quantity of energy
scheduled for export to intertie zone sink bus d € DX and time-step ¢t € 75
as the result of an infertie curtailment;

4332 ICMinXL, ; designates the minimum limit on the quantity of energy
scheduled for export to intertie zone sink bus d € DX and time-step t€ 75
as the result of an infertie curtailment;

4333 ICMaxIG, ; 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;

43.3.4  ICMax10NIG, ; designates the maximum limit on the quantity of non-
synchronized fen-minute operating reserve scheduled for import from
intertie zone source bus d € DI and time-step £ € 7.5 as the result of an
intertie curtailment;

4335 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 £ € 7.5 as the result of an intertie curtailment;

43.3.6 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;

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

43.3.8 ICMin30RIG, ; designates the minimum limit on the quantity of thirty-
minute operating reserve scheduled for import from infertie zone source
bus d € DI and time-step £ € 75 as the result of an intertie curtailment.

434 Operating Reserve Requirements

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

4342 TOT10R,designates the total ten-minute operating reserve requirement;

4343 TOT30R,designates the thirty-minute operating reserve requirement;

4344 ORREG designates the set of regions for which regional operating reserve
limits have been defined;

4345 REGMin10R,, designates the minimum requirement for total ten-minute
operating reserve in region r € ORREG in time-step t€ TS,

43.4.6  REGMin30R,, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in time-step t€ T,

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

4348 REGMax30R, , designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r € ORREG in time-step
te TS.

435 Intertie Limits

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

4352 MaxExtSch, , designates the maximum flow limit for intertie flow
constraint z € Zg.in time-step t€ 7,

4353 ExtDSC, designates the net interchange scheduling limit for when the net
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flows over all interties from time-step (¢— 1) to time-step ¢ decrease; and
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4.3.54  ExtUSC;designates the net interchange scheduling limit for when the net
flows over all interties from time-step (£— 1) to time-step ¢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 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:

4.3.6.1.1 MinDL,), designates the most restrictive minimum
consumption limit for the dispatchable load at bus b € B%;

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

4.3.6.1.3 MinNDG,, designates the most restrictive minimum output

limit for the non-dispatchable generation resource at bus b €
BNDG;

4.3.6.1.4 MaxNDG, designates the most restrictive maximum output

limit for the non-dispatchable generation resource at bus b €
BVDG.

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

43.6.1.6 MaxDG,, designates the most restrictive maximum output limit
for the dispatchable generation resource at bus b € B¢,

4.3.6.1.7 MaxMLPF,, designates the maximum output limit in time-step ¢
for the minimum loading point region of a pseudo-unit at bus
b € BPSU-

4.3.6.1.8 MaxDR,) designates the maximum output limit in time-step ¢
for the dispatchable region of a pseudo-unit at bus b € B™Y,

4.3.6.1.9 MaxDF,; designates the maximum output limit in time-step ¢
for the duct firing region of a pseudo-unit at bus b € B™Y;
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4.3.6.1.10 MinHDR,}, designates the minimum load reduction level that
may be scheduled for the hourly demand response resource at
bus b € B"PR; and

4.3.6.1.11 MaxHDR,, designates the maximum load reduction level that

may be scheduled for the hourly demand response resource at
bus b€ BPR

4.3.7 Constraint violation penalties for time step £€ TS

4.3.7.1

43.7.2

4.3.7.3

4.3.7.4

4.3.7.5

4.3.7.6

4.3.7.7
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(PLdViolSchy;, QLdViolSchy,) for i € {1,..,Ny4y;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,;, QLdViolPrc,)) for i € {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,.., Ngepyioy,} 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,.,Ngeppio,} 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,;, Q10S8ViolSchy,) for 1€ {1,.., N1y sy} designates the price-
quantity segments of the penalty curve for the synchronized fen-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 ten-minute
operating reserve requirement used by the Pre-Dispatch Pricing algorithm
in section 9 and Reference Level Pricing algorithm in section 13;

(PLORViolSch,;, Q10 RViolSch,;) for i € {1,.,Nyopyio,} 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;
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4.3.7.8

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
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(P1ORViolPrc,, Q10 RViolPrc,;) for 1 € {1,.., N1y gyj,;,} 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;

(P30RViolSch, ;@30 RViolSchy;) for i € {1,.,N30zy;0,} 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;

(P30RViolPrc,, @30 RViolPrc,;) for 1 € {1,.., N30 gy} 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;

(PREG10RViolSch,;, QREG10 RViolSch, ;) for i € {1,., Nrgciorviol,}
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;

(PREG10RViolPrc,;, QREG10 RViolPrc,)) for i € {1,., Ngggiorvior)
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,.,Nrgczorviol,}
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,.,Nggezorvior)
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;

(PXREG].0RI/IO]SC]IZ;I,QXREG].ORI/IOISC]IU) for /€ {11"INXREGIORV1'0/t}

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

(PXREGIORVI'OIPI’CL,-, QXREG].OR[/IOJPI”CU) for 7/ € {11"INXREGl()RVI'01t}
designates the price-quantity segments of the penalty curve for area total
ten-minute operating reserve maximum restrictions used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PXREG30RViolSch,;, QXREG30 RViolSch,,) for i € {1,.., Nxgge30 rviol,}
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,.., Nxree3orvior}
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,.., NprerrLviol, }

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 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€ F
used by the Pre-Dispatch Pricing algorithm in section 9 and Reference
Level Pricing algorithm in section 13;

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

(PITLViolPrcg s, QITLViolPreyg;) for 1€ {1,., Ny, .} 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

4.3.7.30
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(PPreXTLViolSchy;, QPreXTLViolSch,,;) for 1€ {1,.,Nprexrrvior, }

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

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

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

(PNIUViolSchy, @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 ¢used 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 ¢used by
the Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

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

(PNIDViolPrc,;, QNIDViolPrcy,) for i € {1,.,Nyipyio;,} designates the

price-quantity segments of the penalty curve for exceeding the time-step ¢
net interchange decrease constraint between time-steps (£-1) and fused by
the Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PMaxDelViolSch., @QMaxDelViolSchy;) 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;

(PMaxDelViolPrc,;, QMaxDelViolPrc;;) for i € {1,..,Nyaxpeviol,}
designates the price-quantity segments of the penalty curve for exceeding
a resource’s maximum daily energy limit used by the Pre-Dispatch Pricing
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4.3.7.31

4.3.7.32

4.3.7.33

4.3.7.34

4.3.7.35

4.3.7.36

4.3.7.37
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algorithm in section 9 and Reference Level Pricing algorithm in section
13;

(PMinDelViolSch,;, @QMinDelViolSchy,) for i € {1,.., Nyinpervior,}
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,.,Nyjnperio,} 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;

(PSMaxDelViolSch,;, @QSMaxDelViolSch, ) 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,;, QSMaxDelViolPrc,,) 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,.,Nsyinpervior,}
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,.., Nsyinpeivior,}
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;

(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;
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4.3.7.38

4.3.7.39

(PUGenLnkViolSch.,QUGenLnkViolSch,;) for i € {1,.,Nygeninkviol,}
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.

4.3.8 Price Bounds

4.3.8.1

43.8.2

4.3.8.3

4.3.8.4

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.

4.3.9 Ex-Ante Market Power Mitigation

4.3.9.1

439.2

4393

4394

4.3.9.5
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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
kK'eK fb for the resource at bus b € B”“ in time-step t€ T

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

minute operating reserve lamination k'€ K/)° for the resource at bus b €

BP¢ in time-step t€ TS
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4.3.9.6

4.3.9.7

43.9.8

4399

4.3.9.10

4.3.9.11

4.3.9.12

4.3.9.12

4.3.9.14

4.3.9.15

4.3.9.16

4.3.9.17
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P1ONDGRef, ;, ; designates the reference level value for non-synchronized

ten-minute operating reserve lamination k'€ K19V

bus b € B¢ in time-step t€ TS

for the resource at

P30RDGRef, p, - designates the reference level value for thirty-minute
operating reserve lamination k'€ K$9¥ for the resource at bus b € B¢ in
time-step t€ 75,

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

minute operating reserve lamination j'€ J,3%° for the resource at

bus b € BP! in time-step t€ TS

P10NDLRet,;,  designates the reference level value for non-synchronized
ten-minute operating reserve lamination j'€ ]t"zbwv for the resource at
bus b € BP" in time-step t€ TS

P30RDLRef,,; designates the reference level value for thirty-minute
operating reserve lamination j'€ /5% for the resource at bus b€ B% in
time-step t€ z

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

PLTMLPRef, p x, designates the reference level value for the energy up to

the minimum loading point reference level lamination k' € K,'LLII MLP of the

offer for the resource at bus b € BP¢ in time-step t€ TS

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

CTEnThresh2V4 designates the conduct threshold for a resource in a
narrow constrained area as a $/MWh increase above the reference level
value of the energy offer for the resource and is equal to $25/MWh,;

CTSUThreshV4 designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference level
value of the start-up offer for the resource and is equal to 25%;

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

4.3.9.28

4.3.9.29
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CTEnThresh1”4 designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference level
value of the energy offer for the resource and is equal to 50%;

CTEnThresh2P4 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 300%;

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

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

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

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

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

Public IMO_FORM_1087v13.00
REV-21-06



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

4.3.9.38

4.3.9.39

4.3.9.40

Page 29 of 155

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

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

CTEnThresh19RL 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 kL 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®?t designates the local market power conduct threshold for
a resource as a percent increase above the reference level value of the
start-up offer for the resource and is equal to 10%;

CTSNLThresh®F" 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;

CTEnThresh1°R¢ 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%;

CTEnThresh2R¢ 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%;
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4.3.941

4.3.942

4.3.9.43

4.3.9.44

4.3.9.45

4.3.9.46

4.3.9.47

4.3.9.48

4.3.9.49

4.3.9.50
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CTSNLThresh®F¢ 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%;

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

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

ITThresh2P“4 designates the price impact threshold for a resource in a
dynamic constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to $25/MWh;

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

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

ITThresh1%MP designates the global market power price impact threshold
for a resource as a percent increase in the energy locational marginal
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4.3.9.51

4.3.9.52

4.3.9.53

price output from section 9 above the energy locational marginal price
output from section 13 and is equal to 100%;

ITThresh2™P 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.

4.3.10 Weighting Factors for Zonal Prices

4.3.10.1

4.3.10.2

WF[E/ ,ifg designates the weighting factor for bus b€ L/RT used to calculate
the price for virtual transaction zone m € M for time-step t€ 7S and is
equal to the weighting factor used in the day-ahead market for the
applicable hour;

WEF},"% designates the weighting factor for bus b€ L)”" used to calculate

the price for non-dispatchable load zone y € Y for time-step t€ 7S. 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.

4.3.11 Day-Ahead Market Scheduled Intertie Transactions

43.11.1

43.11.2

43.11.3

43.11.4
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SIG TL;,’DC;‘IM designates the day-ahead market scheduled quantity of import
energy for intertie zone source bus d € DI in time-step ¢ € {4,..,11;4p};

S1I0NIG Y;%‘W 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,..,1;4p};

530RIG7£‘,4M designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone source bus d € DI in
time-step £€ {4,.,np};

SXL T%M designates the day-ahead market scheduled quantity of export
energy for intertie zone sink bus d € DX in time-step ¢ € {4,..,1;,4p};
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43.11.5

4.3.11.6

S10NXL 75}4’” 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;4p}; and

S3 ORXLTt'?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,..nyp}-

4.3.12 Import Offers Without a Day-Ahead Market Schedule

4.3.12.1

4.3.12.2

43.12.3

.S']G'Tf:’}/ TRA designates the extra quantity of energy for import from intertie

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

.S‘lON[G'Tl;;’E[}Y TR4 designates the extra quantity of non-synchronized fen-
minute operating reserve for import from intertie zone source bus d € D/
in time-step € {4,..,n;4p} that may be considered for the purpose of
reliability; and

.5301’?16'7[;;’5‘;,Y TRA designates 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.

4.4 Other Data Parameters

441 Non-Dispatchable Demand Forecast

44.1.1 FL, designates the total province-wide non-dispatchable demand forecast

for time-step ¢ € 7S calculated by the security assessment function.
442 Internal Transmission Constraints

4.42.1 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;

4422  AdjNormMaxFlow,rdesignates the limit corresponding to the maximum
flow allowed on facility fin time-step £under pre-contingency conditions;

4423 SF; . ¢ designates the post-contingency sensitivity factor for bus b€ BU D
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indicating the fraction of energy injected at bus b which flows on facility
during time-step ¢under post-contingency conditions for contingency ¢
and
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443

4424  AdjEmMaxFlow, .rdesignates the limit corresponding to the maximum
flow allowed on facility fin time-step under post-contingency conditions
for contingency c

Transmission Losses

4.43.1 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

4432 LossAdj, designates any adjustment needed for time-step £ € 7:Sto 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.

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.
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5.4

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 . —
(M) p, where pis a small nominal value of order 10
NumVGe
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:
_ (LNKyog if DAYS = {tod}
LNKC = { LNKsop, if DAYS = {tod,tom}"
5.6.1.2 LagCy, »,, which designates the time lag between dispatchable
hydroelectric generation resources (by,b,) € LNKC and is defined by:
Lagmd‘bl_bz Lf DAYS = {tOd}
Lag Cb b, — . _ .
102 Lagtomp, b, if DAYS = {tod,tom}
5.6.1.3 MWhRatioC), ;,, which designates the MWh ratio for dispatchable
hydroelectric generation resources (by,b,) € LNKC and is defined by:
, MWhRatioseq . », if DAYS = {tod}
MWhRatioCy, », = {MWhRatfomm,bl,bz if DAYS = {tod, tom}
5.6.1.4  MinQDGC}, which designates the minimum loading point for dispatchable
generation resource b € BP¢ and, subject to section 5.6.2, is defined by:
, _ (MinQDGypa if DAYS = {tod}
MnQDbGC, = {MinQDGwm,b if DAYS = {tod,tom}’
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5.6.1.5

5.6.1.6

5.6.1.7

5.6.1.8

5.6.1.9

5.6.1.10
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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:

MGBRTDG 04, if DAYS = {tod}

MGBRTDGC), = {MGBRTDGmm,b if DAYS = {tod, tom}

MGBDTDGC}), 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! if DAYS = {tod}

m =
MGBDTDGCb {MGBDTDGEEm,b lf DAYS = {tOd, tOm}'

LTG), which designates the lead time for non-quick start resource b €
BV for thermal state m € THERM and is defined by

irem - [ETeoan if DAYS = {tod}
’ LT om,p if DAYS = {tod,tom}

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:

RampHrs{,q ), if DAYS = {tod}

m p—l
RampHrsC, {RampHrS?Sm,b if DAYS = {tod,tom}’

RampEC}, for we {1,.,RampHrsCy'}, which designates the ramp up

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

RampE[L4pw if DAYS = {tod}
RampEC}", = m . :
' RampE{5 . b w if DAYS = {tod,tom}
RampCTCy, for we€ {1,.,RampHrsCy'}, which designates the ramp up
energy to minimum loading point for the combustion turbine resource

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

RampCTi5q b w if DAYS = {tod}

R crey, = :
ampt-ttow [RampCngm'b‘w if DAYS = {tod,tom}
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5.6.1.11  RampSTCy, for we€ {1,.,RampHrsC}'}, which designates the ramp up
energy to minimum loading point for the steam turbine resource’s portion
of the pseudo-unit at bus b € B™Y for thermal state m € THERM and is
defined by:

RampSTiyq pw if DAYS = {tod}

m —
RampSTCyp,, = {RamPSTchm,b,w 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 g, and MGBRTDG,,;, shall continue to be applied until the
commitment is complete; and

5.6.2.2 MinQDG,, , and MGBRTDG,,,, , 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 in the next

dispatch day.

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,, €
TSC,, of a day-ahead operational commitment in day g € DAYS are such
that ¢ € {max(tpsy-(MGBRTDG,;, + MGBDTDG.3"), 2),...tpars}, then:

If SUDG}), > SUDG."™, then set SUAd/DG", = SUDG}},
If SUDG}), < SUDG/;"™, then set SUAd/DG”", = SUDG ;™
5.7.1.2  If'the time-step ¢in the set of hours preceding the start-up time ¢4, €

TSC, of a day-ahead operational commitment in day q € DAYS are
offersuch that t & {max(tps-(MGBRTDG,, +

MGBDTDG,7"), 2),...,tpans}, then:

SUAdiDG" = SUDG},
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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 € BV that has not been scheduled
at or above its minimum loading point for InitDownHrs,, hours:

5.8.1.1.1

5.8.1.1.2

5.8.1.1.3

5.8.1.14

If 0 < InitDownHrsy, +t — 1 < MGBDTDGCH®T, then the
resource cannot be scheduled to reach minimum loading
point in time-step t € TS;

If InitDownHrsy, + LTCHT + 1 < MGBDTDGC "M, then
a lead time of LTCEOT will be applied and the resource can
be scheduled to its minimum loading point in time-step

t € TS only if t > LTCOT + 2;

If InitDownHrsy, + LTC'*"™ + 1 < MGBDTDGCS®'>,
then a lead time of LTC}"ARM will be applied and the
resource can be scheduled to its minimum loading point in
time-step t € TS only if t > LTCVARM + 2: and

If a lead time of LTCSP"P will be applied and the resource
can be scheduled to its minimum loading point in time-step
t € TSonly if t > LTC5O + 2.

5.9 Initial Scheduling Assumptions

5.9.1 Initial Schedules

59.1.1
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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:

59.1.1.1

59.1.1.2

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 is scheduled to reduce
consumption at bus b € 5Pk,
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59.1.1.3 SXL, 4; designates the amount of energy a bounday entity
resource is scheduled to export at bus d € DX;

59.1.14 SDG, p, i designates the amount of energy that a
dispatchable generation resource is scheduled to provide at
bus b€ BYC;

59.1.1.5 SCT, j, designates the schedule of the combustion turbine
resource associated with the pseudo-unit at bus b € B™Y;

5.9.1.1.6 SST, , designates the schedule of the steam turbine
resource p € PST.

59.1.1.7 S1Gy 4 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.

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:

59.2.1 ODG, j, 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, , 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, , shall be determined by the
real-time calculation engine advisory schedule;

5922 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

59.23 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.

593 Initial Net Interchange Schedule
59.3.1 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
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594

595

5.9.6

5.9.7

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

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

Number of Starts for Hydroelectric Resources

5.95.1 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

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

5.9.6.2 EngyUsedSHE, 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.

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 schedules shall be equal to the output determined
by the IESO’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 € TSsuch that t < LagCy, ,,, PastMWh,,, designates the total energy

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

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 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
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6.1

6.1.1

6.2

6.2.1

6.2.2

(b1,b;) € LNKC and all time-steps ¢ € TS such that t= LagCj, , +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.

Security Assessment Function in the
Pre-Dispatch Calculation Engine
Interaction between the Security Assessment Function
and Optimization Functions

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.

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

Inputs into the Security Assessment Function
The security assessment function shall use the following inputs:
6.2.1.1 the IESO demand forecasts; and

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

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

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

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.
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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

6.3.1.2

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 and physical hourly demand response
resources; and

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

6.3.2.2

6.3.23

6.3.2.4

6.3.2.5

6.3.2.6
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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.

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.
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6.3.2.7

6.3.2.8

6.3.2.9

6.3.2.10

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

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

6.4.1.1

6.4.12

6.4.1.3

6.4.1.4
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a set of linearized constraints for all violated pre-contingency and post-
contingency limits for each time-step. The sensitivities and limits
associated with the constraints shall be those provided by the most recent
security assessment function iteration;

pre-contingency and post-contingency sensitivity factors for each time
step;

the marginal loss factors as described in sections 6.3.2.8 - 6.3.2.10; and

loss adjustment quantity for each time-step.
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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 §;

e 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;

e 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 participants, subject to section 14.7.1.3, 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.

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:
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83.1.1

83.1.2

8.3.1.3

83.14

83.1.5

8.3.1.6

8.3.1.7

8.3.1.8

8.3.1.9

8.3.1.10

8.3.1.11
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SDL;,; , which designates the amount of energy that a dispatchable load
is scheduled to consume at bus b € B in time-step t€ TSin association
with lamination j € /fb;

S108DL;,,; , 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 ¢ € TSin association with lamination j € /}5°;

S1ONDL,; , which designates the amount of non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at bus

b€ BP! in time-step t€ TSin association with lamination j € /},?,N ;

S30RDL,y,; , which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b € B’ in
time-step £€ 7.51n association with lamination j € /i;f?,R;

SHDR,,; , which designates the amount of energy reduction scheduled for
an hourly demand response resource at bus b € B"PR in time-step t€ TS
in association with lamination j € /fb;

SXL;q; , which designates the amount of energy a boundary entity
resource is scheduled to export at bus d € DXin time-step t€ 75in
association with lamination j € /f;

S10NXL; 4, , which designates the amount of non-synchronized ten-minute
operating reserve that a boundary entity resource is scheduled to provide

at bus d€ DXin time-step ¢ € 7Sin association with lamination j € /};gN ;

S30RXLq; , which designates the amount of thirty-minute operating

reserve that a boundary entity resource is scheduled to provide bus
d € DXin time-step ¢t€ 75 in association with lamination j € j‘z?,R;

SNDG,, , which designates the amount of energy that a non-dispatchable
generation resource is scheduled to provide at bus b € B"PC in time-step
t€ TSin association with lamination k€ Kf ;

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€ 7Sin association with lamination k€ K%);

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€ 7;
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8.3.1.12

8.3.1.13

8.3.1.14

8.3.1.15

8.3.1.16

8.3.1.17

8.3.1.18

8.3.1.19

8.3.1.20

8.3.1.21

8.3.1.22
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IDG, ), , which designates whether the dispatchable generation resource at
bus b € BPC has been scheduled to reach its minimum loading point in
time-step t€ TS5,

S1085DG,p,; , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € B”Y in time-step ¢€ T'Sin association with lamination
ke KlOS.

th >

S10NDG, . , which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B”“ in time-step € TSin association with
lamination XK € ;,’,N ;

S30RDG,,; , which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at

bus b € BPC in time-step £€ TS in association with lamination k € ;},R;

SCT,p, , which designates the schedule of the combustion turbine resource
associated with the pseudo-unit at bus b € BV in time-step t€ T

SSTy, , which designates the schedule of steam turbine resource p € PST
in time-step t€ 7.;

O10R,, , which designates whether the pseudo-unit at bus b€ BVO10PF
has been scheduled for ten-minute operating reserve in time-step t€ 75,

OHO,, , which designates whether the dispatchable hydroelectric

generation resource at bus b € BF has been scheduled at or above
MinHO, in time-step t€ T5;

OFR;;, for i € {1,.,NFor,,} , which designates whether the dispatchable

hydroelectric generation resource at bus b € BF has been scheduled at or
below ForlL,,,, or, at or above ForU, ;in time-step ¢ € TS

IHE, },; , which designates whether the dispatchable hydroelectric
generation resource at bus b € B registered a start between time-step
(t—1) and tas a result of its schedule increasing from below StartMW,,;
to at or above StartMW,,; for i € {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 € 75in association with lamination k€ K’f ;
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8.3.1.23  S10NIG, 4 , 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 € D/ in time-step ¢ € 75in association

with lamination k€ K}’?/V ;

8.3.1.24  S30RIG, ; , 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

lamination k€ K39%;

8.3.1.25 TB,, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in time-step £ € 75, as described in section
8.3.2.1; and

8.3.1.26  ViolCost,, which designates the cost incurred in order to avoid having the
schedules violate constraints in time-step t€ 7, 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:

Z (Obj'DLf - ObjHDR, + ObjXL, - OijDGr)
s\ - ObjDG, - ObjIG, - T, - ViolCost,
te

where|

z SDLypjPDLyp; - z S108DLyp,;PLOSDLyy,; -

e A0S

ObjDL,— z J €/t S €lgly ;
heBPL Z ﬂONDLab_j'PIONDLmJ- Z ﬁORDLab_j'}BORDLab_}-

0R

T
J€ltp

J€ltp

ObjHDR, = Z z SHDR,;,-PHDRy |;
beBAOR \ j gff,

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

ObjXL, = Z e - :
Sex - Z S30RXLyq;P30RXL
ST
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ObJNDG = SNDGp, PNDG,, ;,-) ;

beBNDG (kesz A

ObjDG, =
Z SDGyp,xPDGppy i + z S108DG,p, 4 PLOSDG e +

keky, kekgy®
' ' + Z (0DG.y-MGODGy, +

ohe Z SLONDGyy j-PLONDG, o+ z S30RDG, 4 PRORDGsy | p5es
ke ke

IDGyySUAdiDG, )

and
Z SIG g1 PlGrgi + Z S1ONIG; 44 PLONIG, 44
kek® kekioV

ObjIG, = Z o o

0R
keKGg

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 75Pen 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
T 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,)" -TBPen))

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

Z ((SDG:,Q;:)Z'TBPE’”) + Z ((ﬂOSDGr,b,k)z'TBP f'”) N
werdhs

QDG i QL05DGp x

kekE,

TBDG,= , , .
e ((ﬂUNDGmk) -TBPen) | ((530 RDG, ;) -TBPen)
kekyy" kerZOR

QLONDGyp g @PBORDGyp i

and

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

QlG, 4k QLONIG, 41

k€K

o N ((53031@ )’ -TBPen)
P GBORIG, 4z

TBIG~

8.3.2.2 ViolCost, shall be calculated for time-step ¢ € 7S using the following

variables:
8.3.2.2.1 SLdViol,; , which designates the violation variable affiliated
with segment 7€ {1,., Ny 4y;0,,} of the penalty curve for the
energy balance constraint allowing under-generation;
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8.3.2.2.2 SGenViol,; , which designates the violation variable
affiliated with segment 7 € {1,., Nge,pjo,} Of the penalty
curve for the energy balance constraint allowing over-
generation;

8.3.2.2.3 S108Viol,; , which designates the violation variable
affiliated with segment 7 € {1,.., Vg0, } Of the penalty

curve for the synchronized ten-minute operating reserve
requirement;

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

8.3.2.2.5 S30RViol,; , which designates the violation variable
affiliated with segment 7 € {1,.., N30 yio,} Of the penalty

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

8.3.2.2.6 SREG10RViol,,; , which designates the violation variable
affiliated with segment 7 € {1,., Ngggi0rvios} Of the penalty
curve for violating the area total ten-minute operating
reserve minimum requirement in region r € ORREG;

8.3.2.2.7 SREG30RViol,,; , which designates the violation variable
affiliated with segment 7 € {1,., Ngze30rvios} Of the penalty

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

8.3.2.2.8 SXREG10RViol,,; , which designates the violation variable
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,

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

8.3.2.2.10 SPrelTLViols,; , which designates the violation variable
affiliated with segment /€ {1,.., Nprerr1viol,,} of the penalty
curve for violating the pre-contingency transmission limit
for facility f€ F;,
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8.3.2.2.11

8.3.2.2.12

8.3.2.2.13

8.3.2.2.14

8.3.2.2.15

8.3.2.2.16

8.3.2.2.17

8.3.2.2.18

8.3.2.2.19

SITLViol, . ; , which designates the violation variable
affiliated with segment /€ {1,.., iz ;o1 .} of the penalty

curve for violating the post-contingency transmission limit
for facility f€ Fand contingency c€ C;

SPreXTLViol,,; , which designates the violation variable
affiliated with segment 7€ {1,.., Nprexrrvior, } Of the penalty
curve for violating the import/export limit affiliated with
intertie limit constraint z € Z,;

SNIUViol, ; , which designates the violation variable
affiliated with segment 7 € {1,., Nyypjo;,} 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,., Nyspy;o;,} 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,., Nyxpervior,} Of 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,., Nyjnpemmior,} Of the penalty
curve for violating the minimum daily energy limit
constraint for a resource at bus b € B,

SSMaxDelViol,; , which designates the violation variable
affiliated with segment 7 € {1,., Nspaxpervios,} of 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,.., Nspinpervios,} of the penalty

curve for violating the shared minimum daily energy limit
constraint for dispatchable hydroelectric generation
resources in set s € SHE;

SOGenLnkViolyp, p,),; » which designates the violation
variable affiliated with segment 7€ {1,., Nogennkvios,} of the
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penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by over-
generating the downstream resource, for (by,b,) € LNK
such that b; € Bli¥ and b, € Bljr; and

8.3.2.2.20 SUGenLnkViolyp, ), » Wwhich designates the violation
variable affiliated with segment 7€ {1,.., Nygennkvios,} f the

penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by under-
generating the downstream resource, for (by,b,) € LNK
such that by € Bl and b, € Bl:.

8.3.2.3 ViolCost; shall be calculated as follows:

ViolCost, =

Z SLdViol, -PLdViolSch,, -
=1.Ngdviol
SGenViol, /PGenViolSch,; + Z 5105Viol, ;+P10SViolSch,; +

i=1..Ngenvioly =1..N108Viels

Z S10 RViol,;-P10 RViolSch,; + z S30 RViol, ;P30 RViolSch,;+

=1..Mogviol =1.N30 g Vioi;

SREG10RViol,,;"PREGL0RViolSch,; | +

FEORREG \ i=1.NREG10RVi0l;

SREG30RViol,, -PREG30RViolSch,, | +
FEORREG \ i=1 --NREG:;UR'V:'GF:

SXREG10RViol, ,-PXREG10 RViolSch,, | +

rEORREG \ I=1..NyREc10 RVioly

SXREG30RViol,.,;-PXREG30 RViolSch, ;

=1.N, , i
FEORREG XREG30RVioly
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_l_
fEF}

8.4

8.4.1

8.5

8.5.1

SPrelTLViol,,;"PPrelTLViolSchy,,

I=1.NprelTi Violg,

N 2 z 2 SITLViol, ;, -PITLViolSch, .,

cEC fEF . \ I=1.. Nt Viol, g

+ z z SPreXTLViol, ;-PPreXTLViolSch, ,,

Z€Z5ch \ =1 NprexTiLviok, s

+ Z SNIUViol,;PNIUViolSch,, + Z SNIDViol,-PNIDViolSch,

I=1.Nnpiviol =1.Nyipviols

o™
2

_|_
SESHE \ 1=1..Nspraxpelviol,

SMaxDelViol,,, ;-PMaxDelViolSch,, ,-)

{=1.NpayDelVioly

1=1..NptinDelViols

SMinDelViol, , ;~PMinDelViolSch, ;)
SSMaxDelViol, , \PSMaxDelViolSch,, f)

+ SSMinDelViol, . ,-PSMinDelViolSch,
SESHE \ i =1.NspinDelViol,

+ z Z SOGenLnkViol, , »,) "POGenLnkViolSchy; | |
(b1,bp) ELNK \ i=1.N;

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

Constraints

The constraints described in sections 8.5 — 8.7 apply to the optimization function in
the Pre-Dispatch Scheduling algorithm.

Dispatch Data Constraints Applying to Individual Hours

Scheduling Variable Bounds
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8.5.1.1

8.5.1.2

8.5.1.3

8.5.1.4

8.5.1.5

8.5.1.6
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A Boolean variable ODG,, indicates whether the resource at bus b € B¢
is committed in time-step € 75. 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.

Reliability must-run resources are considered committed for all must-run
hours.

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

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

If the dispatchable generation resource at bus b € B’C 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 ¢ € 7Sthen:

ODG,y = |

No schedule shall be negative, nor shall any schedule exceed the quantity
offered for the respective energy and operating reserve market. Therefore:
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0

0

<SDLy;; < ODL,,
<S10SDL,5; < Q10SDL,,
<SI0NDL,;; < QIONDL,
< S30RDL,,; < Q30RDL,,;
<SHDR,;; < QHDR,,_
<SXL,q4; < OXL, .
<SI0NXL,;; < QIONXL,
<S30RXL,;; < Q30RAL,
<SNDG,;; < ONDG,,,
<SIG, 43 < 0IG, ,,
<SI0NIG, 4, < Q10NIG, ,,

< S30RIG, 4, = QBORIG, 4

for all time-steps t€ 7.

for all b € BPE, j €5,
forall b €B™E, j €J,%°;
for all b € BPL, j €J19;
for all b € BPL, j € 20K,
forall b € BPR j € J5,;
for all d €DX, j €F;
for all d €DX, j €
foralld €DX, j €LY
forall b € B¥PC, k €KZ,;
foralld €DI k €KE;;
foralld €DI k EKéng; and
for all d€ DI ke KB%F

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 ¢ € 7S

0 =S8DGypr = ODGODG,, , for all b €BPC, k €K%y
0 <S10SDG,;; < ODG,,-Q10SDG, , , forall b €B”C, k €K}5";

0 <SI10NDG,;: < ODG,;-Q10NDG, , , forall b €BP°, k €K;3",;
and

0 < S30RDG,,, < ODG,,@30RDG, forall be B%9, ke KO

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€ TSand all buses b € BPL:
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MinDL,, < » SDL,,; < MaxDL,,
I€lep

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

Z SDL,y; = QDLFIRM,,
JEp

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€ 7'Sand all buses b € BVPC:

MinNDG,, < Y SNDG,,; < MaxNDG,.
KEKY),

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 ¢ € 7S and all buses b € B” ‘.

Min(MaxDG, ,,FG,;) ifb € BY

AdiMaxDG, , = { MaxDG,, otherwise

and

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

AdjMinDG,,, < MinQDGC,- ODG, ,+ SDG,,; < AdjMaxDG,,.
keKE,

8.5.2.5  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.
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8.5.2.6

8.5.2.7

If the total offered quantity does not exceed the minimum, MinQDGC), +
> ke, QDG < AdiMinDG,, 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 €
BHDR.

MinHDR,, < Z SHDR,,; < MaxHDR,
JElpy

8.5.3 Off-Market Transactions

8.5.3.1 For all time-steps £ € 7S and all intertie zone buses corresponding to an
inadvertent energy payback export transaction d € DX/VF:
Z SXL;GIJ == Z QXLQQ'J'
jEJ‘r&d fE td
8.5.3.2 For all time-steps £ € 7S and all intertie zone buses corresponding to an
inadvertent energy payback import transaction d € DIV
Z SIGy gy = Z LGy
kEK td keK td
8.5.3.3  For all time-steps ¢ € 7S and all intertie zone buses corresponding to an
emergency energy export d € DXEM:
Z SXL{,dJ - Z QXLE}G{J"
JE e J€lpq
8.5.3.4  For all time-steps £€ 7S and all intertie zone buses corresponding to
emergency energy import d € DIFM:
Z SIG, 4 = Z 01G, .
kEKE 4 kEKT
8.5.4 Intertie Minimum and Maximum Constraints
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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 dZDXAPEX uDXEM UDXIVP:

Z XLy, < SXLTOAM,

J€ltq

SLONXL, ;; < SLONXLT
Jel é qa"v

and

; S30RXL, ;< S30RXLTZAM,

: R
T 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 ¢t € {4,..,n;4p} and intertie zone
source bus d € DI such that d & DISAPEXy DIFM U DIIVP .

SIG, 45 < SIGT24M + SIGTEXTR4;
kEKE,

S10NIG, 4, < S10NIGTP{M + S1IONIGTEF™R4;
keKFGN
and

S30RIG, 4, < S30RIGTP + S30RIGTESTRA,

30R
kEKiq

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

8.5.44.1 For intertie zone source bus d € D/ and time-step t€ T5:

ICMinlG,y < Y SIG,q, < ICMaxlG,y
keKR td

ICMin1ONIG, ;< S10NIG, 44 < ICMax10NIG, ;
kekiON

and

ICMin30RIG, ;< Zﬂ S30RIG, ;; <ICMax30RIG,
R

kERTY
8.5.5 Operating Reserve Requirements

8.5.5.1 The total synchronized fen-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.

8.5.5.14 These restrictions shall be enforced by the following
constraints for all time-steps ¢ € T'Sand all buses b € B”~:

S108DL,,;+ Y SIONDL,,;+ Y S30RDL,,,<30-ORRDL;

j€lty® jern” JefipR

Z S108DLy,,;+ Z
(=l 08 .

Jeb jerip”

Z SDLy,,- QDLFIRM,;

S1ONDL, ,,;+ ; S30RDL,y; <
Jefst J€lgp

and

;SlosDLw S+ Z; S10NDL,; + ; S30RDL, , JgZ SDL,};-MinDL,5.
JE s JE :,aN J r,bR JETs

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
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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
t€ TSand all buses b€ BPL:

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

;'E,"% bS IEf}. b,-‘r

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 ¢ € 75 and all intertie zone sink buses
de DX

Z SIONXL, ,; + Z; S30RXL, EZ SXLyy
jeld" et 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; (ii) remaining capacity; and (iii) unscheduled capacity.
These restrictions shall be enforced by the following constraints for all
time-steps £€ 7Sand all buses b € B’

SL0SDG,,,+ > SLONDG,,, + Zﬂ S30RDG, , , <30-ORRDG,;
kekiON keki9R

105
kEKL)

SLOSDG, , , + SLONDG, , , + Zﬂ SO0RDG,, . < Y (QDGyyy-SDG, )
kK9S ke 9V keki9k kEKE,
and

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

KEK}DS keKFEN KEKFHR
< AdjMaxDG,; — SDG, . — MinQDGC,.

kREK}

8.5.5.5 The amount of both synchronized and non-synchronized ten-minute
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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
t€ TSand all buses b € B¢
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8.5.5.6

8.5.5.7

8.5.5.8
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S10SDG, , ;. + Z S10NDG,,,, < 10 - ORRDG,.

105 10N
keKip k€Kt

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 t€ 7Sand all buses b € B”¢ with RLP10S,;, >0:

S10SDG, ,

105
keKp

1
< | MinQDGC, - ODG, ;, + Z SDGypx '(m)
kEKE, *

min {10 - ORRDG,, z Q10SDG, ,

108
kekyp

The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its reserve
loading point for thirty-minute operating reserve. This restriction shall be
enforced by the following constraint for all all time-steps ¢ € 7.5 and all
buses b € B¢ with RLP30R,,;, >0:

S30RDG, ,

kekiR

1
kEKE‘,b i

min<{ 30 - ORRDG,, z Q30RDG, j i

kekFIR

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
t € TSand all intertie zone source buses d € DI
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S10NIG, 4, + Z S30RIG 4, = Z(Q!Gmlk — SIGy 41c)-

10N 1 30R
kEK}§ KEKPY kEKPy

8.5.6 Pseudo-Units

8.5.6.1

8.5.6.2

8.5.6.3
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A constraint shall be required to calculate physical generation resource
schedules from pseudo-unit schedules using the steam turbine resource’s
shares in the operating regions of the pseudo-unit determined in section
15. For all time-steps t€ 7S and pseudo-unit buses b € B

SCT,, = (1 — STShareMLP,) - MinQDGC,, - 0DG,,

+(1 — STShareDR,) - Z; SDG,pr |
kEKPR

and for all time-steps ¢ € 7S and steam turbine resources p € PST:

STShareMLP, - MinQDGC,, - ODG,, +

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

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

MinQDGC, - ODG,, < MaxMLP,,,

Z SDG,,\ < MaxDR,,,
KEKDR

SDG,, < MaxDF,,,

kekPf
and
SDG, . + 2 S10SDG, , . + 2 S1ONDG,
KEKE, keKLDS kek N
+ Z S30RDG, ,, < MaxDR, , + MaxDF, .
lekg R

For a pseudo-unit that cannot provide fen-minute operating reserve from
its duct firing region, constraints shall limit the pseudo-unit from being
scheduled in its duct firing region whenever the pseudo-unit is scheduled
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8.5.6.4

8.5.6.5

for ten-minute operating reserve. For all all time-steps ¢ € 7.5 and pseudo-

unit buses b € BNO1ODF,
O10R,, € {01},
and
SDG,yp + Z S10SDG, , . + 2 S10NDG, ,
kEKE), keKFDS kek 2N

< MaxDR,, + (1 — 010R, ) - MaxDF, ,

8.5.6.3.1 For all time-steps t€ TS, pseudo-unit buses b € BVNO10PF and

laminations K€ 1(},25 :

S10SDG,p, < O10R;, - Q10SDG, .

8.5.6.3.2 For all time-steps t€ TS, pseudo-unit buses b € BVNO10PF and

laminations k€ K}’gN :

SlONDGt’b’k < OIORt,b " Q]‘ONDGt,b,k'

For the purposes of the energy balance constraint in section 8.7.1 and the
transmission constraints in section 8.7.3, the combustion turbine
resource’s schedule for the pseudo-unit at bus b € B”V in in time-step
te TSwill be equal to:

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

8.5.6.4.2 RampCTC}, if the pseudo-unit is scheduled to reach minimum
loading point in thermal state m € THERM in time-step t + w
for we {1,.,RampHrsCy'}; or

8.5.6.4.3 0 otherwise.

For the purposes of the energy balance constraint in section 8.7.1 and the
transmission constraints in section 8.7.3, the steam turbine resource’s
schedule for p € PST shall be equal to $57},, plus any contribution from
pseudo-unit b € By" 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,.,RampHrsC}'}.

8.5.7 Dispatchable Hydroelectric Generation Resources
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8.5.7.1 A dispatchable hydroelectric generation resource shall be scheduled to at
least its hourly must-run quantity. For all time-steps £ € 75 and
dispatchable hydroelectric generation resource buses b € BE:

0DG, , - MinQDGC, + Z SDG,, > MinHMR, .

REKS)

8.5.7.2 A dispatchable hydroelectric generation resource shall either be
scheduled to O or to at least its minimum hourly output. For all time-steps
t€ TSand all hydroelectric generation resource buses b € BE:

OHO,, €{0,1} ;

0DG, , - MinQDGCj + SDG,, = MinHO, , - OHO, , ;
REKEY

and for all k €K%,
0 <SDG, < OHO,;-0DG, , ..

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€ TSin dispatch day q, all dispatchable hydroelectric generation
resource buses b€ B and all i € {1,.,NFor,;}:

OFRGb,f E{O,l}}

ODG, , - MinQDGC, + Y SDG,,
kEK),
= OFRt,b.i ' FO?"Lqu_i + (1 — OFRt,b,i)

MinQDGC, + Z QDG |

KEKE,
and

0DG, , - MinQDGC, + Z SDGyyy = (1 — OFRyy,) - ForlUy,,.
kEKE)

8.5.8 Linked Wheeling Through Transactions

8.5.8.1 The amount of scheduled export energy must be equal to the amount of
scheduled import energy for linked wheeling through transactions. For all
time-steps ¢ € TS and all linked boundary entity resource buses (dx,di) €
Ly
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SXLygry = Z SIGe g
JETE ax kEK} 44

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

8.6.1 Energy Ramping

8.6.1.1

8.6.1.2

8.6.1.3

8.6.1.4

8.6.1.5

8.6.1.6
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For disptachable loads, the constraints in section 8.6.1.5 and section
8.6.2.1 use URRDL, to represent a ramp up rate selected from
URRDL,},,, and uses DRRDL), to represent a ramp down rate selected
from DRRDL; .

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 DRRDGp, -

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€ 75
the ramping rates in all ramping constraints shall be adjusted to allow the
applicable resource to:

8.6.1.4.1 ramp down from its lower limit in time-step (¢ — 1) to its upper
limit in time-step ¢; and

8.6.1.4.2 ramp up from its upper limit in time-step (£ — 1) to its lower
limit 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.Sand buses b € BP:

SDLy_y4,; — 60-DRRDL), < Z SDLy ), ;
Tt I€]En
< SDL,_,,,; + 60 URRDL,.

JE€Jt_1p

Energy schedules for hourly demand response resources cannot vary by
more than an hour’s ramping capability for the applicable resource. This
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constraint shall be enforced by the following for all time-steps £ € 75 and
all buses b € BPR:

(QHDR,_,,, — SHDR,_,,,) — 60 - URRHDR,

JEIt_1p

1A

(QHDRLM — SHDRt_brj)
JE€Ith
(QHDRt—l,b,j — SHDRe—ﬂ_,b,j) + 60-DRRHDR,,.

JEIY 1p

I

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 £€ TS and all buses b € B¢

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

0< SDG, . < 30-URRDG,

kEKty

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,_,, — 60 - DRRDG, < Z SDG, ;i
kREKE 1 p kEKE
< SDG,_, ,x + 60 - URRDG,

kEKF 1 p

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, ODGy1q ), = 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.
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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 € 57~

2 S10SDL,, ; + z S10NDL,, ; + 2 S30RDL,,,

IS5 JeiEs" JesEp"
< Z SDL,,; — SDL,_,, + 60 - DRRDL,.

JEItn JElt_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
be B¢

S105DG, , , + z S10NDG, , , + z S30RDG, ,
kEKEDS ek N KeKFIR

< SDGy_ 1y — Z SDG,, x + 60 - URRDG,;
kEKf—l.b kEKr,b

S10SDG, , , + Z S10NDG, , . + Z S30RDG, ,
KeK}DS kekFHN kekFOR
+ ) SDG,,, < [(t —n)- 60 + 30] - URRDG, - ODG, ,
keKE,

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

S10SDG, ,, + Z S10NDG, ,, + 2 S30RDG, ,

108 10N
KEK; kEKj

+ SDG, . < [(m —t)-60 + 30] - DRRDG, - ODG,,
REK)

20R
keKt b

where m is the time-step of the last shutdown in or after time-step ¢
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8.6.3 Non-Quick Start Resources

8.6.3.1

8.6.3.2

8.6.3.3

8.6.3.4

8.6.3.5

8.6.3.6
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Schedules for 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.

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:

ODGyp, ODGs p, ..., ODG iy () up,MGBRTDG oq p~Imitopertrsy +1)b = 1o

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 < [nitDownHrs, < MGBDTDG 0, then the resource at bus b€ BV

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

min(n,ap,MGBDTDGHIY, ~nitDownHrsy +1),b —

0DG,y, 0DGsyp, ..., ODG

If ODG,; 1, = 0 and ODG,j, = 1 for time-step t€ TS, 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:

ODG 4 15, ODGt 4 2 p, -, ODGmin(nLAp,t + MGBRTDGCp—-1),b = L

If ODG4 , = 1 and ODG,j, = 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:

ODGt 41,5, ODGe 4 2, -, ODG i) o + mMGBDTDGCHOT—1)p =
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

t € TSafter being scheduled below its minimum loading point in the
preceding time-step. A value of zero indicates that a resource is not
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8.6.3.7

8.6.3.8
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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 ¢ € 7'Sand all buses b € BVO:

1 if ODG,_1, = Oand ODG,, = 1

IDG = {
t.b 0 otherwise.

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

IDG;;, < MaxStartsDG;yq, — NumStarts,,q p-
tETStod

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

IDG, ), < MaxStartsDG,,, -

tETStom

For a non-quick start resource at bus b € BV®S that has been offline
InitDownHrsj, 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 < InitDownHrs, + t— 1 < MGBDTDGCL®", then the
resource cannot be scheduled in time-step £

8.6.3.8.2 If MGBDTDGCHOT < InitDownHrs, + t—1 <
MGBDTDGC)RM  then the resource will be assigned a “HOT”
thermal state for time-step t and the start-up offer SUDG'Z,O T
shall apply. The ramp up energy to minimum loading point
profile shall be RampECE_S,T for w e{1,.,RampHrsC}'};

8.6.3.8.3 If MGBDTDGC)*RM < InitDownHrs, + t—1 <
MGBDTDGC,P", then the resource will be assigned a
“WARM?” thermal state for time-step t and the start-up offer
SUDGZZARM shall apply. The ramp up energy to minimum
loading point profile shall be RampEC/VARM

hw . for
w €{1,.,RampHrsC;'}; and

8.6.3.8.4 If MGBDTDGC; " < InitDownHrs, + t— 1 then the resource
will be assigned a “COLD” thermal state for time-step t and
the start-up offer S UDG&?LD shall apply. The ramp up energy to
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minimum loading point profile shall be RampECg?Vw for
w €{1,.,RampHrsCy'} .

8.6.3.9  For a non-quick start resource at bus b € BV9S 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

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,

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

+ 100RConv Z S10SDGy . + Z S10NDGy,

108 = LON
keKpp keKT )

+ 300RConv Z S30RDGy

30R
KEKFY

- Z SMaxDelVioly,

1=1.NMaxDelVioly

< MaxDEL,,q, — 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 € BLR where an energy limited resource is located and all time-
steps T€ TSiom:
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ODG,, - MinQDGC, + Y SDG, .
t=tom-T KEK),

+ 100RConv Z S10SDGyp ) + Z S10NDGy 5 5

108 = 10N
kEKT kEKD p

+ 300RConv Z S30RDGy, 4

30R
kEKFY,

- Z SMaxDelVioly,; < MaxDEL,y,, .

t=1.NMaxDelvViolp

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, + SDG, ,

tETStod kEKy)

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

i=1.Npinpervioty

8.6.5.1.1 and if the pre-dispatch look-ahead period spans two dispatch
days, for all hydroelectric resource buses b € B
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8.6.5.2

!HEt,b,i -

8.6.5.3

8.6.5.4
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Z 0DG, , - MinQDGC, + Z SDG,
tETStom kEKY

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

i=1L.NMinDelViol;

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

hydroelectric generation resource at bus b € BYE was counted in time-
step ¢ € 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"F and start indication values
i €{1,..,NStartMW}:

1 If ODGE—l,b 'ME.TEQDGCB + SDGE—'I.,E).R < Stﬂ?"tMWb'i

KEKE 1p

and ODGt'b - MEHQDGC}, + ‘SDGt,b,k = StartMWin

keK;p

\ 0 otherwise.

Dispatchable hydroelectric generation resources shall not be scheduled to
be started more times than permitted by their maximum number of starts
per day. 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

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

tETStgg \ i=1.NStartMWy

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

Z Z IHE, ;,; | < MaxStartsHE,,,, ;.

tETStom \ i=1.NStartMWwy

The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not exceed shared maximum
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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€ 7S;,4

2 Z, ODG, - MinQDGC,, + Z SDG, 1
t=2.T \peBfE

kEK

+ Z 100RConv Z S10SDGy . + Z S10NDGy,
beBHE

keKFIS leekFoN
+ 300RConv Z S30RDGy,
kekFOR

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

{=1.Nspmaxpetviolp

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 7€ 7S;,,,:

z Z 0DG,, - MinQDGC, + Z SDG, , x
t=ttom-T \ b €B;'F

keKE,
+ Z 100RConv z S10SDGr,, + Z S10NDGy
beBIE keSS ek

+ 300RConv z S30RDGy

30R
KEKT )

— Z SSMaxDelVioly o; < MaxSDEL,,,, ¢

1=1.NsMmaxDelviolp

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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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:

Z Z 0DG, ;, - MinQDGC,, + Z SDG, i
t€TStoa \b eBiE KEKFY

+ z SSMinDelViol, ., | = MinSDEL,,4 . — EngyUsedSH

i=1.NsMinDelViols

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 €B5'5 kEK;

4 2 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 € BUH}’,E and downstream resources b, € Bif for
(by,b;) € LNKC and all time-steps ¢ € 7S such that t< LagC), ,,+1:
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Z ODG,, - MinQDGC,,, + Z SDGy p, i

b,eBHE KEKLy,

_ 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 € BUH}’,E and downstream

resources b, € BIE for (by,b,) € LNKCand time-steps t€ TS
such that t+ LagCy, 5, < np4p:

ODGypagey, b, - MINQDGCy, + z SDGeyLagey, by bak

i E
bzEB gy kEKHLﬂQ‘:Dl,bz'bz
_ Z S0GenLnkViol,pag,, \, (b1b),i
i= 1..NocenLnkVi'Ofr+Lagbl by
+ Z SUGenLnkViol,s1ag, 4 (61020

i=1.NyuGenLnkVioly,pag, .
1L.v2

— MWhRatioC,,,, Z 0DG, ,, - MinQDGC,, + Z DG,y 1
biEBE kEKE),

8.7 Constraints for Reliability Requirements
8.7.1 Energy Balance

8.7.1.1 The total amount of energy withdrawals scheduled at load bus b € B in
time-step t€ 75, With,, shall be represented by:
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8.7.1.2

8.7.1.3

8.7.1.4

8.7.1.5

Page 75 of 155

SDLyy, if b € BPL
JEltp
(QHDR,,,, — SHDRy ) if b € BHDR

'€l b

The total amount of export energy scheduled at intertie zone bus d € DX
in time-step t€ T8, With, 4 as the exports from Ontario to the intertie
zone bus shall be represented by:

Witht,d = SXLf,d,j'

J€lta

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

Inj,, = Offerlnj,, + Ramplny,,

where:
Z SNDG¢ if b € BYPG
kEKF)
Offerinj,, =
0DG,, - MinQDGC, + Z SDG.yx  if b€ BPC
kEKY,
and
Ramplinj,

RampEC], - IDGy 4 5 if b e BN

w=1.min(RampHrsCl' npap—t)
0 otherwise

The total amount of import energy scheduled at intertie zone bus d € DI
in time-step € 7T, /nj, 4, as the imports into Ontario from that intertie
zone bus shall be represented by:

hljt‘d — Z SIGt,d,k'

E
kEKE,

Injections and withdrawals at each bus shall be multiplied by one plus the
marginal loss factor calculated by the security assessment function to
reflect the losses or reduction in losses that result when injections or
withdrawals occur at locations other than the reference bus. These loss-
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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 t€ TS, the energy balance shall be:

FL, + Z (1 +MglLoss, ) - With,

bepDLypHDR

+ Z (1+ MglLoss;4) - Withy 3 — Z SLdViol, ;
deDX i=1‘.Ndeogt

= Z (1 + MglLoss,y) - Inj;p,
beRBNDGyRDG

+ Z (1 + MglLoss, ) - Injeq — z SGenViol, ;
deDI i=1.Ngenviol,

+ 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€ 75

zi ZE S10SDL,,; | + ZE ZE S10SDG, ;. |+ ZE S10SViol, ;

beBDL \ jeios bEBPG \ keK S i=1.N1osviol,

> TOT10S,;

Page 76 of 155 Public IMO_FORM _1087v13.00
REV-21-06



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 S10SDLy; |+ Z Z S10SDG,p Z Z S10NDL,, ;
bEBDL E].tl?}s bEBDG kEKtl’gS bGBDL 1EN
+ z Z S10NXL, 4 S10NDG,
dEDX JEij bEBDG kEK“’N
z S10NIG, 4 & S3ORDLt_b_J-
deDI keKlﬂN bEBDL jEJSOR
S30RXLt_d} SsoRpcu,_k
a‘.EDX jEJSOR bEgDG kEKBUR
( S30RIGtJM) S30RViol,; = TOT30R,.
deDl \ kekioR i=1.Naogrviol,
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8.7.2.3  The following constraints shall be applied for each time-step £t€ 7.5 and

each region r € ORREG:
S10SDLyp; |+ Z Z S10SDGy p i
beBREGNBDL \ je 1os beBRESNBPG \kek}pS
+ z S10NDL,y; | + z S10NXL; 4
beBREGNBPL \ jegloN deDFECnpx \ jeft
+ Z S10NDG, 1 | + z S10NIG, 4
beBREGNBPE \ kek}pN deDREGnDI \rek}IN

+ Z SREG10RViol,,; = REGMin10R,,;

i=1.NRrggioRViol,

S10SDLyy; | + Z S5105DG;p
BEBFEANBPL \ jej}os beBFECNBPE \ kek}p®

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

beBREGNBDL \ je 1o deDfECnpx \ jejigV

+ Z S10NDG,p ;. | + Z S10NIGy 4

beBRFONBPE \ kek}pV deDFEenpr \ kek!§Y

- Z SXREG10RViol,;; < REGMax10R,,;

i=1.NxprGiorviols

S10SDLyy,; | + Z Z S10SDGyp i
beBRECBDL \ jeT8S beBREGNBDG \ ek})S
n Z S10NDL,; | + Z Z S10NXLy g
beBREG DL TEoN deDFEenpx \jejig
SlONDGt‘M + Z Z S10NIG¢ 44
beBREGnBDG KkeKDY aeDBEenpr \ ker}N
SBORDLM,J- + Z Z S30RXL¢ g,
beBREGnBW— Jelgs® aepfEenpx \ jeJigR
S30RDGM,’;‘, + Z Z S30RIG 41
bEBREGnBDG keKZIR aspFESnDI \kekiS?

SREG30RViol,,; = REGMin30R,,;

i=1. NREG:onm,

and
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+ z ( Z SlONDLt,,,,}-)
beBREGNRDL \ jey1oN

+ Z ( SlONXLtd)) ( S10SDL,, ,-)
dEDREGr\DX jEjJ'ON bEBREGﬂBDL 161103

+ Z SlOSDG“,k Z S10NDG,
beBEEGNBDE \ ek DS bEBREGr\EDG keK N

( Z S30RDLLM>
beBRECNBDL \ je 30k

+ Z (Z S3ORXLW) ( Z SBORDGt_b_k)
aeDEECnpx \jejio beBRECNBDG \ kekFIR

+ ( S10NIG, 4 k)
deDEECnpI \kek 19N

S30RIG, 4 SXREG30RViol,.

+
deDRECDI keh’?g‘q i= 1NXREG30Rler

< REGMax30R,,.

IESO Internal Transmission Limits

8.7.3
8.7.3.1
8.7.3.2
8.7.3.3
Page 79 of 155

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.

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

For all time-steps ¢ € 75 and facilities f€ F}, the linearized constraints for
violated pre-contingency limits obtained from the security assesment
function shall take the form:

PreConSF,f, - Inj, — Z PreConSF, - Withy,

beRNDG DG beRDPLypHDR

+ Z PreConSFirq-Injiq — Z PreConSF,fq - With, 4
deDI d€DX

— z SPrelTLViols.; = AdjNormMaxFlow, .

i =1--NPr'eI‘I‘LViolflt
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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:

z SFecrp ey — z SFicfrp - Withey, + z SFicf.a

beBNDGypDG beBPLYBHDR deDl

'Injtjd - Z SFE,C,f,d " Witht,d
deDX

— Z SITLViol, f; = AdJEmMaxFlow, . ¢

i=1.NiT1viol, s,

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 t€ 75
and all constraints z € Zg:

EnCoeff,, z Z SIGyan — Z z SXLya,

deDI, ke;{fd dEDX, jEffd

S10NIGy gy + z S30RIG, g | +

a€A: EnCoef fo ;#0 d€Dl, \ kegioV kek:IR
+0.5 - (EnCoeff,, + 1) b v
z Z S10NXLe g ; + Z S30RXL; 4
deDXa \ jesig" JEIESE i
— 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 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 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
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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€ T

Z Z SIG, 14— Z Z SXL, 14, — ExtDSC, — Z SNIDViol,,

= E E SIGe g — E E SXL¢a,j
deDI kEKEd deDX fEffd

< E E SIG, 1 ax — E E SXL,_y 4 + ExtUSC,
deDI kEKE—i.d deEDX Jlejf—i.d

+ Z SNIUViol, ;.

i =1.NNryviol,
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 ¢ € TS:
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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,  ;

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}:

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

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

8.8 Outputs

8.8.1 Outputs for the Pre-Dispatch Scheduling algorithm include resource schedules and
commitments.
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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

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
the Pre-Dispatch Pricing algorithm:

9.2.1.1 SDGf ,’f % designates the amount of energy that the dispatchable generation
resource is scheduled to provide above MinQDGC), at bus b € BFX y BYE
in time-step ¢ € 7S in association with lamination k € be;

9.2.1.2 ODGf 117) S designates whether the dispatchable generation resource at bus
b € B was scheduled at or above its minimum loading point in time-step
t eTS;

92.13 S1 OSDGf f 2 designates the amount of synchronized ten-minute operating
reserve that the dispatchable generation resource is scheduled to provide
at bus b € BF® U B in time-step ¢ € TS in association with lamination
k€ Kggs;

92.14 S1 ONDGf ff ,f designates the amount of non-synchronized ten-minute
operating reserve that the dispatchable generation resource is scheduled
to provide at bus b € BE®  BE in time-step ¢ € TS in association with
lamination k €K,5";

9.2.1.5 S30RDGf f ,f designates the amount of thirty-minute operating reserve that
the dispatchable generation resource is scheduled to provide at bus b €
BELR  BE in time-step ¢ € TS in association with lamination k € K;’f 2R ;
and
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9.2.1.6

OHOf DS designates whether the dispatchable hydroelectric generation
resource at bus b € B has been scheduled at or above MinHO,} in time-
stept €T8.

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,,, for bus b € B”“ and time-step ¢ € TS shall not appear in the
formulation,;

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

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

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

93.1.5  SOGenLnkViol, , py,; for (b,by) € LNK such that by € By and b, € Bgy;,
time-step ¢ € TS and i € {1,..,NoGenLnivios,} Shall not appear in the
formulation; and

9.3.1.6  SUGenLnkViol, g, 1y, for (by,by) € LNK such that b, € BLY and b, € B,
time-step ¢ € TS and i € {1,.., Nygenznivio,} shall not appear in the
formulation.

932 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)
— 0bjDG, — ObjIG, — TB, — ViolCost,

LETS
where:
ObjDL,
Z SDL¢p, j - PDLep; — z S10SDL ;- P10SDL,; ; —
_ JEIgy jep? _
beBDL Z S10NDL,,, ;- PIONDL,; ; — Z S30RDL,, ;- P30RDL,, ; ’
j€lep" j €Iegt

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

beBHDR \ j ejE,

Z SXLt,d,j . PXLt,d,j — Z SlONXLtJdJ . PIONXLt‘dU;
feffa' fEfégN
dEDX — Z SSORXLt,d_j . P30RXLt‘d_j

. R
JEIRY

ObjXL, =

ObjNDG, = Z Z SNDGtpx " PNDGepi |:
beBNDE \ kekE,

Z SDGpyx - PDGyyi + Z S10SDGyp . - P10SDGyy o +

0bjDG, = keKp, kekE9S
W Z S10NDG¢ pz - PLONDG, 5 + Z S30RDGy 5 - P30RDGyp
kek}oN kekx3R

Z SIGt,d,k.P‘rGt,d,k + Z SlONIGt_d_k'P]_ONIGt'd'k

0bjIG E kek(a kekid"
J il =
deDI + E 530R16t,d,k . P30R‘rat,d,k

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, ;

TEORREG i=1--NXREGIOHVEOIt

+ z Z SXREG30RViol, . ; - PXREG30RViolPrc,;
rEORREG \i=1.NxRrEgGaoRrviol;

+ z z SPrelTLViol;; - PPrelTLViolPrcy
fE€Fe \i =L.Nprerrivioly,

4 Z Z Z SITLViol, s, ; - PITLViolPre, ;.
CEC f€Fre \i=1.Nirrviol. g,

+ Z z SPreXTLViol,,; - PPreXTLViolPrc,,;

zE€Zgch \1=1.NprexTLViol,

+ Z SNIUViol,; - PNIUViolPrc,

i =L.Nnryviol,

+ Z SNIDViol,; - PNIDViolPrc, ;

i=L.NNipviol

+ z z SMaxDelViol, y, ; - PMaxDelViolPrc, ;,;

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

)
SESHE

i= 1»<NMinDeIVioIt

Z SSMaxDelViol,  ; PSMaxDelVioEPrct’5,i>

i =1--N5MaxDeWioIt

v z z SSMinDelViol, ; - PSMinDelViolPrc,  ;
sESHE

i= 1~»N.S‘MmDe.iVioit

9.3.23 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
94.1 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 <S10SDL; < Q10SDL,,. forall b €B™L,j €%,
0 <S1ONDL;;; < Q1ONDL,, forall b € B™L,j € 1%,
0 <S30RDL,;; < Q30RDL, . forall b € BPL,j €L
0 <SHDR,;; < OHDR,, for all b € BFR, j € JE;
0 <SXL,4; < OXL,,- forall d €DX,j € J5;

0 <SIONXL,q4; < QLONAL, ;. foralld €DX,j €J,9;
0 <S30RXL,q; < Q30RXL, . forall d €DX,j €

0 <SNDG,;; < ONDG,, , forall b € B"PY, k €K}y
0 <SIG.4; < QIG, ,, forall d €DI, k €KZ,

0 <S10NIG, 4 < QLONIG, ,, foralld €DI, k €K;g'; and
0 <S30RIG,,; < Q30RIG, , foralld €DL k €Ky

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 eTs:

0 < SDG,y; < ODGLE* QDG forall b€ B”C, k€ Kiy;
0 < S10SDG, ;< ODGLYS-QLO0SDG, forall b€ B”C, ke K95,
0 < SIONDG,; < ODGIS-QIONDG,,;  forall be B, ke K})Vand

0 < S30RDG, ;< 01)0;?3-030@(;&“, forall b€ B”, ke K39F.

where
ODGP DS is a fixed constant in the above constraints, per section 9.8.1.1.

952 Resource Minimums and Maximums

9.5.2.1 The constraints in section 8.5.2 shall apply in the Pre-Dispatch Pricing
algorithm.
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953 Off-Market Transactions
9.53.1 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  Inthe case of emergency energy transactions, subject to section 9.5.3.3,
the constraints in sections 8.5.3.3 and 8.5.3.4 shall apply in the Pre-
Dispatch Pricing algorithm.
9.533 For all time-steps ¢ € TS and all boundary entity resources scheduled to
import emergency energy that does not support an export d € DIfMNS :
Z SIG, 47 = 0
keEKE,
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.
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9.5.8

Linked 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-dispatch calculation engine to find a solution.
For all dispatchable hydroelectric generation resource buses b € BE:
z ODGEPS - MinQDGC,, + z SDG,px
t€TStod kEKE,
+ Z SMinDelViol,),; | = MinDEL;,4
f=1--NM1'r1De.iVioit
— EngyUsed,,.
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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 SDG, 1

tE€TStom kEbe

+ Z SMinDelViol,,; | = MinDEL 4, »-

i=1.NpMinpeiviol;

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.

9.64.3 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum daily
energy limits. Violation variables for scheduling resources above the
maximum daily energy limit may be used to allow the pre-dispatch
calculation engine to find a solution. For all sets s € SHE and all time-
steps T€ TSpq

Z Z ODG/P® - MinQDGC,, + Z SDGy

t=2.T \ b eBHE keKE,

+ Z 100RConv z S10SDGr e + z S10NDGy

beBHE KEKFIS kek SN

+ 300RConv z S30RDGr ),
KEKZIR
— Z SSMaxDelVioly; = MaxSDEL;,4s — EngyUsedSHE..

f=1--NSMaxDe.iVio!T

9.6.43.1 If the look-ahead period spans two dispatch days, then for
all sets s € SHE and all time-steps 7€ TS;,,,:
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z z ODG!P® - MinQDGC,, + z SDGyp

t=teom-T \ b EBfE R’Ebe

+ Z 100RConv Z S10SDGy s + z S10NDGy, i

veBE keKF)S keKpGY

+ 300RConv Z S30RDGr

30R
K€Ky,

— Z SSMaxDelVioly s ; = 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.

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€ TS;,4:

ODGLP® - MinQDGC, + Z SDG, 1,

t€TStoq \b eBHE KEKE,

N Z SSMinDelViol,
i=1.NgMminpelViol,

= MinSDEL;,4 s — EngyUsedSHE;.

9.6.44.1 If the look-ahead period spans two dispatch days, then for
all sets s € SHE and all time-steps t€ 75;,,,:

z Z ODGEPS - MinQDGC, + Z SDG, px

tETStom bEBfE kEbe
+ Z SSMinDelViol, ;; | = MinSDEL;,,y, 5.

i=1.Nsminpelviol;
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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.
9.73 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.
9.7.4 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€ 7:
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9.8

9.8.1

9.8.2
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9.8.1.1

9.8.2.1

0 = SLdViol,; = QLdViolPrc;

0 = SGenViol,; = QGenViolPre;;

0 < $10SViol,; = QLOSViolPrc,;

0 = S10RViol,; = Q10RViolPrc;

0 = S30RViol,; = G30RViolPrc;

0 = SREG10RViol,..; = QREG10RViolPrc,;

0 =SREG30RViol.,; = QREG30RViolPrc;;

0 =< SXREG10RViol,.; = QXREG10RViolPre,;
0 = SXREG30RViol,;; = QXREG30RViolPrc;;
0 = SPrelTLViols;; < QPrelTLViolPrcg,;

0 < SITLViolg..; = QITLViolPrcs,.;

0 = SPreXTLViol,,; = QPreXTLViolPrc,;;

0 < SNIUViol,; < QNIUViolPre,;

0 = SNIDViol,; = QNIDViolPrc;;

0 = SMaxDelViol,;,; < QMaxDelViolPrc,,;

0 = SMinDelViol,, ; = QMinDelViolPrc,

0 = SSMaxDelViol,; = QSMaxDelViolPrc, g ;
0 = SSMinDelViol, ;; < QSMinDelViolPrec, ;

Commitment Status Variables

for all 7 €{1,... N qpi01,};
for all 7 €{1,.. Ngepvios};

for all 7 €{1,... Ny sy}

for all 7 €{1,..Niorpre,};

for all 7 €{1,.., N30 gprc,};

for all r € ORREG, i €{1,.,Nggci0rpre )
for all € ORREG, i €{1,.,Nregzorpre,)i
for all r € ORREG, i €{1,.,Nxgzciorpre,)s
for all € ORREG, 1 €{1,.., Nyggzorpre, )
forall f€ F, 1 €{1,.. Nprerripres, )

forall c€ G FEF,, i €{1,.. Npyypre, . };
for all z € Zsqy, 1 €{1,.. Nprexripre, )

for all 7 €{1,... Nyprc, )i
for all  €{1,... Nyippre,}s

for all b € BR, i € {1,.,Nyjaxpervion,

for all b € BY%, i € {1,.., Nsimpervior, };

for all s € SHE, i €{1,.., Ngpsaxpeivios, }; and

for all s € SHE, i €{1,.., Nopsinpetvior,

Constraints to Ensure the Price Setting Eligibility of
Offer/Bid Laminations

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:

0DG,, = ODGEPS.

Energy Limited Resources

For an energy limited resource with a maximum daily energy limit that

was binding in the Pre-Dispatch Scheduling algorithm, the schedules
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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 € BELR  if there exists a time-step T € TS,,; such that:

Z (0005{35 - MinQDGC, + Z snc;’ﬁi)

t=2.T kekE,

+1OORConv( Z S10SDGFY5 + Z SlONDG?E‘Dbi)

KEKESS ke
+ 300RConv( Z S3ORDG$E;1) = MaxDEL,,q, — EngyUsed,
kekZ R

9.8.2.1.1 then the maximum daily energy limit constraint shall be considered

9.8.2.2
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binding in the Pre-Dispatch Scheduling algorithm. In such
circumstances, the following constraints must hold for bus
b € BFLR for all time-steps t€ TS,

Z SDGpx < Z SDGEPS + €,

Z SDGypy + z S10SDG, p 5 + Z S1ONDG, ;) + Z S30RDG,  x

kekp, kekE9S kekioN kek:oR
t-1
< MaxDELyyq, — EngyUsed,, — Z Z SDGEDS)
=2 keKE,

where e1s a small positive constant.

If the pre-dispatch look-ahead period spans two dispatch days, then for
bus b € BPLR  if there exists a time-step T € T'S,,,, such that:

z ODGEP® - MinQDGC,, + Z SDG!Ps.
t=teom-T kEKEb

+ 100RConv Z S10SDGPY5 + z S10NDG7D5,

108 10N
kEKLY: KEKEY!

+ 300RConv Z S30RDG7YS, | = MaxDEL, o,

30R
KEKp
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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 € BELR for all time-steps ¢ €
TSom:

z SDGepx < 2 SDGEPS + ¢,
-E

z SDGypy + z S10SDG, . + Z S1ONDG, 5 + z S30RDG,
keKE, keKEDS kek N kekOR
t—1
< MaxDELqgp p — z z SDGFS.

T=tom kexfb

where €is a small positive constant.

9.8.3 Dispatchable Hydroelectric Generation Resources

9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the 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:

0DGFPS - MinQDGC, + Z SDG,p,x = MinHO, , - OHOF}S

kEKE),

and for allk € KEb:
0 < SDGipy < OHOEDS - QDGyp -

9.8.3.2  For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is limited to
set prices within an operating range consistent with the number of starts
utilized by the resource’s schedule determined by the Pre-Dispatch
Scheduling algorithm. The resource’s schedule shall be between the same
start indication values as determined in the Pre-Dispatch Scheduling
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algorithm. For all dispatchable hydroelectric generation resource buses
b € B and all time-steps ¢ € TS:

If 0 < ODG{R® - MinQDGCp + Yyegs, SDGipy < StartMW,y,

then
0 < ODG/P® - MinQDGC,, + Z SDG,py < StartMW,,; — 0.1
KEKE,
If StartMWj,; < ODG.* -MinQDGC), + Y, keKE, SDGLY; < StartMW), ;. for
1e{1,.,(NStartMW,-1)},
then
StartMW,,; < ODGFP® - MinQDGC, + Z SDG¢ p &

E
KEKE,

= StartMW, ;,, — 0.1
IfODGES - MinQDGCy, + Y, KE, SDGRy = StartMWy, ystaremw,»

then

ODG[P® - MinQDGC, + z SDG, i = StartMWy, ysearcvw,-

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 such that MinDEL,,,;, > 0 and

z ODGFPS - MinQDGC,, + z SDGfP3 | < MinDELyoq, — EngyUsed,,

tE€TStod KEKE,

9.8.3.3.1 the following constraints must hold for all time-steps £ €
7S;,q and offer laminations &k € Kf b

SDG.p) = SDGFP;.

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 MinDELy,,,;, >0 and
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ODGFPS - MinQDGC,, + z SDG{P% | < MinDELyopmp,
tETStom kEKtBI-b

9.8.3.3.3 the following constraints must hold for all time-steps £ €
TS;om and offer laminations k € K’f b

SDG.py = SDGEp;.

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 ODGEP® - MinQDGC,, + Z SDGPs
t€TStoq \b €BHE KEKE,

= MinSDEL,,qs — EngyUsedSHE,
9.8.3.4.1 the following constraints must hold for all time-steps £ €

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 ODGFPS - MinQDGC,, + z SDGEPE | | = MinSDELgp s

tETStom \ b EBS{{E kEKtEI'b
9.8.3.4.3 the following constraints must hold for all time-steps £ €
TSom:
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ODthb . M”I.QDGCB + Z SDGt.b.R
b eBE keKE,

> Z ODGFPS - MinQDGC, + Z SDGEES
b eBHE keKp),

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 T€ 75,,, such that:

Z Z ODGfPS - MinQDGCy, + Z SDGEPS
t=2.T \beBHE kek?,

+ Z 10ORConv Z S10SDGFY5, + Z S1IONDGF3S,

beBHE kek39S keKEGY
+ 300RConv Z S30RDGFRS, | | = MaxSDEL,,q s — EngyUsedSHE,
keKELR
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 ¢ €

TS['Od:
Z Z SDGypy < Z Z SDGEPS + ¢,
beBEE kexf, beBHE kekE,
Z ( Z SDG,p 1 + Z S10SDGypx + Z S10NDG, 1 + Z S30RDG
beBHE \kekf, kekipS KkekiN kek R
t—-1
< MaxSDELyq s — EngyUsedSHE, — Z Z z SDGFES.
beBHE T=2 kexf,
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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€ 7S;,,, such that:

ODG[PS - MinQDGC,, + z SDGEPS

t=ttom-T \bEBHE kEbe

+ Z 100RConv Z S10SDGEDS, + Z S10NDGRRS,

beBHE kEKFSS kekFGY
+ 300RConv Z S30RDGEYS. | | = MaxSDELy,,, o
kEKTY
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 ¢ €

TSiom:
Z Z SDGypi < Z Z SDGEPS + €,
beBHE kekE, beBJE kekp,
Z (2 SDGypp + Z S10SDGyp . + Z S10NDG, ;. + Z S30RDG,,M)
beBEE \kekF, kek oS kekiON kekEOR

t-1
< MaxSDELom s — z Z z SDngD,-?;"

beplE 1=tom kekf,

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; € Bf’j and

b, € BAE and all time-steps t€ TS
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ODG{P® - MinQDGC,, + Z SDG{P® — A < ODG[P® - MinQDGC,,, + Z SDG,p, x
KEKE), KEKE),
< 0DG[}’ - MinQDGC,, + Z SDG{P> + A
kerbz

9.8.3.7.1 For all linked dispatchable hydroelectric generation
resources by such that (b;,b,) € LNKC where b, € BZ’;U and

b, € BYE and all time-steps t€ TSsuch that £+
Langlle < ny4p:

ODG{PS - MinQDGC,, + Z SDGEPS, — A < ODGLpS - MinQDGC,| + z SDG, ., &

KEKE,, KEKEp,
< ODG/P® - MinQDGC,, + Z SDGFR%, + A.
kEbel
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

9.9.13 sensitivity factors.

10 Constrained Area Conditions Test

10.1 Purpose
10.1.1 The Constrained Area Conditions Test shall:
10.1.1.1  identify when and where competition is restricted; and

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

10.2.1 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 Conditions

Test:

10.2.2.1

10.2.2.2

10.2.2.3

10.2.2.4

10.2.2.5

10.2.2.6

10.2.2.7

10.2.2.8

10.2.2.9

10.2.2.10
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LMF, PP which designates the locational marginal price for bus b € B in
time-step t € T,

PCon tjjp , which designates the congestion component of the locational
marginal price for bus b € Bin time-step £ € TS;

ExtLM Pt?dDP, which designates the locational marginal price for intertie bus
d € D in time-step t € TS;

PExtCon CdD” , which designates the intertie congestion component of the
locational marginal price for intertie bus d € D in time-step ¢ € TS;

PintCon ,_;31’ , which designates the internal congestion component of the
locational marginal price for intertie bus d € D in time-step £t € TS,

IntLMF, PP which designates the intertie border price for intertie bus
d € Din time-step ¢t € TS,

SPNorm Y;f}DP , which designates the shadow price for the pre-contingency
transmission constraint for facility f € Fin time-step ¢ € TS,

SPEm T}f gf, which designates the shadow price for the post-contingency

transmission constraint for facility f € Fin contingency ¢ € € in time-step
teTs

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 ;

L30R t,bDP, which designates the locational marginal price for thirty-
minute operating reserve at bus b € Bin time-step t€ TS5
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10.2.2.11

10.2.2.12

L10NF, PP which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € B in 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
te7Ts.

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

10.3.1.2

10.3.1.3

103.1.4

10.3.1.5

10.3.1.6

10.3.1.7

10.3.1.8

10.3.1.9
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BCondY“4, which designates the resources in a narrow constrained area
that must be checked for local market power for energy in time-step
teTs.

BCond?“4, which designates the resources in a dynamic constrained area
that must be checked for local market power for energy in time-step
teTs.

BCond?“4, which designates the resources in a broad constrained area to
be checked for local market power for energy in time-step £ € 7.

BCond“™? which designates the resources to be checked for global
market power for energy in time-step ¢ € 75;

BCond}®®, which designates that resources to be checked for local market
power for synchronized ten-minute operating reserve in time-step t € 7.5,

BCond:®", which designates that resources to be checked for local market
power for non-synchronized ten-minute operating reserve in time-step
tETS

BCond?R, which designates that resources to be checked for local market
power for thirty-minute operating reserve in time-step t € 75,

BCond¢M™05, which designates that resources to be checked for global
market power for synchronized fen-minute operating reserve in time-step
teTs

BConds™P1ON which designates that resources to be checked for global
market power for non-synchronized ten-minute operating reserve in time-
step t € TS, and
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10.3.1.10 BCond®™P3°R which designates that resources to be checked for global
market power for thirty-minute operating reserve in time-step t € 7.

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 ¢ € TS: For each transmission
facility that transmits flow into n, f€ FV¢4, if SPNorm T};DP #0
or SPEmT, é)}, # 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 BCond4; 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€ F5“4, if SPNorm Tg}DP #0
or SPEm Tt‘fgf #0 for the inbound flow limit, the pre-dispatch
calculation engine will place d in the set DCA,’ and assign the
resources in nto the set BCond?“.

10.4.1.2  Each narrow constrained area and dynamic constrained area that meets
the criteria in section 10.4.1.1 shall be assigned to one of the following
subsets, as appropriate:

10.4.1.2.1 NCA,, 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/, which designates the dynamic constrained areas that
qualify for market power mitigation for energy in time-step
t €T8S.

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
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constrained area thresholds. For each time-step t€ 7'Sand bus b € B”¢
such that b & BCondY“4 U BCond?4, if PCongty” > BCACondThresh,

the pre-dispatch calculation engine will then place resource b in the set

BCond?“.
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 t € TSby:

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 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 PExtCongty” < 0 for bids and offers, d €
DEMPReL 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
t={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 € B” Y in the set BCond™P, unless they
are excluded because one of the following two conditions:
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10.6

10.6.1

10.6.2

10.7

10.7.1

10.7.2

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 PCongy"<PIntCongts” — $1/MWh where d € DEMPRef i
true for all global market power reference intertie zones; or

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

10.5.2.2.1 if resources cannot meet incremental load because of any
binding transmission facility where SPNorm Tg}D P20 or

SPEMT/2} #0.

Constrained Area Conditions Test for Local Market Power
(Operating Reserve)

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:®®, BCond:*",or
BCond3°R

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 BPF and time-step t € TS:

10.6.2.1 ifbis in a region with a binding maximum restriction constraint, then b is
exempt from the Conduct Test.

Constrained Area Conditions Test for Global Market
Power (Operating Reserve)

A resource shall be subject to global market power mitigation testing for operating
reserve 1if its offers for a class of operating reserve where the locational marginal
price for that class of operating reserve is greater than ORGCondThresh.

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
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10.7.3

10.8

10.8.1

11

can satisfy the requirements of that class of operating reserve shall be tested and for
each b € B’“ U BP! and time-step t € TS’

10.7.2.1 if L10SF, bDP > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond“™1%s,

10.7.2.2 if L1 ONES,DP > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond?™"1oV; and

10.7.2.2 if L30RH§,DP > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond?™F30R,

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.

Outputs

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

Conduct Test

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.
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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

11.3.1.1.2

11.3.1.1.3

11.3.1.1.4

11.3.1.1.5

11.3.1.1.6

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 € TS5,

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,

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€ 75,

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€ T,

BCTPRE designates the resources that failed the local
market power for operating reserve Conduct Test for at
least one dispatch data parameter in time-step ¢ € 7.5. and

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
te TS.

11.3.1.2 The following financial dispatch data parameters for all time-steps

teTs

11.3.1.2.1
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PARAME ,, which designates the set of dispatch data
parameters that failed the energy Conduct Test at bus b €
{BCTYM u BCTP“Y U BCTPY U BCTFMPY 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
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11.3.1.2.2

11.3.1.2.3

11.3.1.24

loading point in association with offer
lamination k € K7, failed the Conduct Test;

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 kK € KQZMLP 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  SNLOfter, which designates the speed no-
load offer failed the Conduct Test.

PARAMOR, ;, designates the set of financial dispatch data
parameter that failed the operating reserve Conduct Test
for bus b € { BCT?RE U BCTPRC} in time-step t, and may
include the following financial dispatch data parameter:

11.3.1.2.3.1  OR10S50fter;, which designates the non-
zero quantity of synchronized fen-minute
operating reserve in association with offer
lamination XK € 1(}},15 failed the Conduct Test;

11.3.1.2.3.2  OR10NOfter, which designates the non-
zero quantity of non-synchronized ten-
minute operating reserve in associciation
with offer lamination k€ K}f},’v failed the
Conduct Test; and

11.3.1.2.3.3  OR30ROffer, which designates the non-
zero quantity of thirty-minute operating
reserve in association with offer lamination
ke tl?,“’ failed the Conduct Test;

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;
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11.3.1.2.4.2  SNLOfter, which designates the speed no-
load offer failed the Conduct Test; and

11.3.1.2.4.3  EnergyToMLPF,, which designates the non-
zero quantity of up to the minimum loading
point in association with offer lamination
k€ be 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 € 7Sand b €
BCondY“4, the pre-dispatch calculation engine shall:

11.4.1.1

11.4.1.2

11.4.1.3

11.4.1.4
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Evaluate energy offers above minimum loading point: For all k € be, if
PDG,, ;> min (PDGRef,, +(abs(PDGRef, ) * CTEnThresh1V4),
PDGRef. ;- + CTEnThresh2V“) , 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 BC 7V and add EnergyOlffer,
to PARAME, y;

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;JMF, if PLTMLP, ), > CTEnMinOffer and

PLTMLF, , ;> min (PLTMLPRef, , ; +

(abs(PLTMLPRet, ;) * CTEnThresh1V?), PLTMLPRef, ;- +
CTEnThresh2V4, 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 BCT4 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, ,+(abs(SUDGRef, ) *
CTSUThresh"?), then the Conduct Test was failed by the resource at bus
b and the pre-dispatch calculation engine shall assign the resource to
subset BCT}“! 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,,+(abs(SNLRef, ;) *
CTSNLThresh™“), then the Conduct Test was failed by the resource at
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11.4.2

11.4.3

11.4.4

11.5

11.5.1

bus b and the pre-dispatch calculation engine shall assign the resource to
subset BCTY“4 and add SNLOfferto PARAME, ), and PARAMOR,,,

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?“* or BCond?“*, as the case may be, in
place of BCondY“ and using the applicable Conduct Test thresholds
CTEnThresh1’“, CTEnThresh2”“, CTEnThresh1%“, CTEnThresh25¢4,
CTSUThresh”“4, CTSUThresh®‘4, CTSNLThresh”“4, CTSNLThresh?“A. If any of
the financial dispatch data parameters of a resource fail the Conduct Test, the
resource shall be assigned to subset BCTP“ or BCTP, as the case may be.

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“MF, CTSUThresh®™?, CTSNL Thresh®™? . 1f any of the applicable

financial dispatch data parameters of a resource fails the Conduct Test, the resource
shall be assigned to subset BCTSMF,

If a resource is assigned to more than one of the sets, BCond. ¢4 BCond?“,
BCond?“4, and BCond‘™”, only the Conduct Test with the most restrictive threshold
levels shall be performed for that resource.

Conduct Test for Operating Reserve

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 ¢ € 7Sand b € BCond:** U
BCond'°V u BCond3°R, the pre-dispatch calculation engine shall:

11.5.1.1 Evaluate offers for operating reserve as follows:

11.5.1.1.1  forall k € K/ such that P10SDG, , ; > CTORMinOffer and
P10SDGp ) >
min (P10SDGRef, p, -+ (abs(P10SDGRef, ) *
CTORThresh1°%"), P10SDGRef,, - + CTORThresh2°Rt),
where k' € K,Z 95 then the Conduct Test was failed for the
resource at bus b and the pre-dispatch calculation engine
shall assign the resource to subset BCT?®" and add
ORI10SOffer, to PARAMOR, ;;

11.5.1.1.2  forall k € K;3" such that PIONDG, ;> CTORMinOffer
and
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PI1ONDG, x> min (P10ONDGRef, , o +(abs(P10NDGRef, ) *
CTORThresh1°%"), PIONDGRef, ;- + CTORThresh2°%"),
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 BCT? Rl and add
ORI10NOffer, to PARAMOR, ;;

11.5.1.1.3  forall k € KX such that P30RDG,,,;, > CTORMinOffer
and
P30RDG, ;. > min (P30RDGRef, j, o +(abs(P30RDGRef, ) *
CTORThresh1°%"), PRORDGRef, ;,» + CTORThresh2°F"),
where k' € K}i U% then the Conduct Test was failed for the
resource at bus b and the pre-dispatch calculation engine

shall assign the resource to subset BCT?®" and add
OR30ROffer, to PARAMOR, ;;

11.5.1.1.4  forallj €J/)° if PI0SDL,); > CTORMinOffer and
P10SDL¢y, j > min(P10SDLRef; ) ;» +
(abs(P10SDLRef.p ;) *
CTORThresh1°%Y), P10SDLRef, p, j +
CTORThresh2°RY), where j' €J/}°, then the Conduct

Test was failed for the dispatchable load at bus b and the
day-ahead market calculation engine shall assign the

resource to subset BCTC®" and add ORI 0SOffer, to
PARAMOR, p;

11.5.1.1.5  forallj €J3" if PIONDL,,; > CTORMinOffer and
P10NDL,,; > min(P1ONDLRef,, ; +
(abs(P1ONDLRef;} ;) *
CTORThresh1°%"), PIONDLRef, p, j +
CTORThresh2°RL), where j' € J/", then the Conduct Test

was failed for the dispatchable load at bus b and the day-
ahead market calculation engine shall assign the resource

to subset BCT?RE and add ORI ONOffer, to PARAMOR, ;;
and

11.5.1.1.6  forallj € Jj2" if P30RDL, ;> CTORMinOffer and
P30RDL.,; >min(P30RDLRef,, ; +
(abs(P30RDLRefy ), /) * CTORT hresh1°kL),
P30RDLRef, , -+ CTORThresh2°f), where j' € J73, then

the Conduct Test was failed for the dispatchable load at
bus b and the day-ahead market calculation engine shall
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11.5.2

11.5.3

11.6

11.6.1

assign the resource to subset BC 7oL and add
OR30ROffer, to PARAMOR, ;;

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,,> SUDGRef, ,+(abs(SUDGRef, ;) * CTSUThresh°R"),
then the Conduct Test failed for the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to subset BCTOR
and add SUOfferto PARAMOR,;, and PARAME, ;

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,,> SNLRef, ,+(abs(SNLRef,;) *
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 BCTPRL and add SNLOfferto PARAMOR,,, and PARAME j,; and

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 ke KM if PLTMLP,, ;> min (PLTMLPRef, ), +
(abs(PLTMLPRef, ;) * CTEnThresh1°%'), PLTMLPRef,, ;- +
CTEnThresh2Rl), 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 BCTYRL and add EnergyToMLP, to PARAMOR,,
and PARAME, .

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 BCond“™P1%S, BCond¢™ON and BCond¢™3°k in place of
BCond'®S, BCond:®V, and BCond3°R, respectively, and the applicable Conduct Test
thresholds (CTORThresh1°R¢, CTORThresh2°%¢, CTSUThresh®¢,
CTSNLThresh®®¢, CTEnThresh1°R¢, CTEnThresh2R%). The resources shall be
assigned to the subset BCTPRC.

If a resource is assigned to more than one of BCondsMP1%S, BCond¢™F1ON  and
BCond“™P30R only the Conduct Test with the most restrictive threshold levels shall
be performed for that resource.

Outputs

Subject to section 11.6.2, the outputs of the Conduct Test shall include the following
for each time-step t€ 7§

Page 113 of 155 Public IMO_FORM _1087v13.00

REV-21-06



11.6.1.1

11.6.1.2

11.6.1.3

11.6.1.4

11.6.1.5

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

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

A revised set of financial dispatch data parameters replaced with
reference level values for resources that:

11.6.1.3.1

11.6.1.3.2

has one or more financial dispatch data parameters that
failed a Conduct Test for the current pre-dispatch
calculation engine run; and

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.

For offers for energy and operating reserve with multiple laminations:

11.6.1.4.1

11.6.1.4.2

11.6.1.4.3

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;

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

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.

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.
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12

12.1

12.1.1

12.1.2

12.2

12.2.1

12.2.2

12.3

12.3.1

12.3.2

12.4

12.4.1

Reference Level Scheduling

Purpose

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.

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.

Information, Sets, Indices and Parameters

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 financial
dispatch data parameters from section 11.6.1.3, for those resources shall be used by
the Reference Level Scheduling algorithm

The Reference Level Scheduling algorithm shall use the reference level value that
corresponds to any financial dispatch data parameter submitted for a resource that
failed the Conduct Test.

Variables and Objective Function

The 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.

Constraints

The constraints in sections 8.4 through 8.7 apply in the Reference Level Scheduling
algorithm, except that the sensitivities and limits considered for IESO internal
transmission limits shall be those provided by the most recent security assessment
function iteration of the Reference Level Scheduling algorithm.
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12.5

12.5.1

13

13.1

13.1.1

13.1.2

13.2

13.2.1

Outputs

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

Reference Level Pricing

Purpose

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-dispatchable demand
forecast and IESO-specified operating reserve requirements for each hour of the pre-
dispatch look-ahead period.

Information, Sets, Indices and Parameters

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

13.2.1.1 SDGfﬂ, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC}, at bus b €
BFR y BF in time-step t € TS in association with lamination k € K’f ;

13.2.1.2 ODGf,fS, which designates whether a dispatchable generation resource at

bus b € B”¢ was scheduled at or above its minimum loading point in time-
step t € TS

13.2.1.3 ﬂOSDGfﬁS , which designates the amount of synchronized fen-minute

operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € BFLR u BE in time-step ¢ € TS in association with

lamination k € K}/(},S;

13.2.1.4 .S'lONDGflfj{, which designates the amount of non-synchronized fen-minute
operating reserve that a dispatchable generation resource is scheduled to
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13.2.1.5

13.2.1.6

provide at bus b € BFLR u BE in time-step ¢ € TS in association with

lamination & € K19V,

.SBORDGfﬁ{, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide at

bus b € BFLR U BYE in time-step ¢ € T'Sin association with lamination k €
C?,R; and

OHO; L5 which designates whether the dispatchable hydroelectric

generation resource at but b € BF has been scheduled at or above
MinHO, ), in time-step ¢ € T85.

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

13.4.1.2

13.4.1.3
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the marginal loss factors used in the energy balance constraint in section
9.7.1 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the Reference Level Scheduling
alogorithm;

the sensitivities and limits in section 9.7.3 shall be replaced with the most
recent security assessment function iteration of the Reference Level
Pricing algorithm; and

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

13.4.1.3.1  SDGIP¥ shall be replaced by SDGXY for all £ € TS, b €
B Ry BE k€ Ky
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13.4.1.3.2 ODGf{?S shall be replaced by ODGf;fS forallt€ TS, b €
BPY.

13.4.1.3.3 IDGf,?S shall be replaced by IDGf,fS forallt€ TS, b €
BPS,

13.4.13.4  S10SDG;py shall be replaced by S10SDG{yy for all
teTS,be B uB"™ ke K{p>;

13.4.1.3.5  SIONDG gy shall be replaced by SIONDG yy, for all
teTS,be B"UB"™ ke K{p;

13.4.1.3.6 S30RDG.7} shall be replaced by S30RDGL; for all
t € TS, b € BER u BE | € KI)®; and

13.4.1.3.7 OHO.}” shall be replaced by OHO® for all te TS, be B

13.5 Outputs

13.5.1 Outputs of the Reference Level Pricing algorithm include the following:

13.5.1.1

13.5.1.2

shadow prices; and

locational marginal prices and their components.

14 Price Impact Test

141 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

14.1.2.2
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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.
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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 be used:

14.2.1.1

14.2.1.2

14.2.1.3

14.2.1.4

14.2.1.5

14.2.1.6

14.2.1.7

14.2.1.8

LMF, DF which designates the locational marginal price for energy at bus
b € Bin time-step t€ 7S 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 € B in 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;

LMPF, *LP which designates the locational marginal price for energy at bus
b € Bin time-step £€ 75 from the Reference Level Pricing algorithm;

L30RF, “LP which designates the locational marginal price for thirty-

minute operating reserve at bus b € Bin time-step ¢t € 75 from the
Reference Level Pricing algorithm;

L10NF, “LP which designates the locational marginal price for non-
synchronized fen-minute operating reserve at bus b € Bin time-step
t€ TS from the Reference Level Pricing algorithm; and

L10SF, ‘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 set out in
sections 14.4 and 14.5 for the resources identified in accordance with section 10.3.1,

to identify:

14.3.1.1
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A set of resources that failed the Price Impact Test for each condition for
all time-steps ¢ € 75, where:
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14.3.1.2
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14.3.1.1.1

14.3.1.1.2

14.3.1.1.3

143.1.1.4

14.3.1.1.5

14.3.1.1.6

14.3.1.1.7

BITNM designates the resources in a narrow constrained
area that failed the Price Impact Test for the locational
marginal price for energy;

BITP4 designates the resources in a dynamic constrained
area that failed the Price Impact Test for energy locational
marginal price;

BITP“ designates the resources in a broad constrained area
that failed Price Impact Test for energy locational marginal
price;

BITEM?P designates the resources that failed the Global
Market Power (energy) Price Impact Test for energy
locational marginal price;

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;

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

LMPIT, , designates the locational marginal price that
failed the Price Impact Test for bus b € BITV4 U
BITP“4 u BITP4 v BITEMP U BITPRE U BITORC in time-
step ¢ € TS and

Locational marginal prices for energy and operating reserve for each
resource at bus b € B?“ U BP! that failed the Price Impact Test, where:

14.3.1.2.1

14.3.1.2.2

14.3.1.2.3

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

OR10SLMP designates that the synchronized ten-minute
operating reserve locational marginal price failed the Price
Impact Test;

OR10 NLMP designates that the non-synchronized ten-
minute operating reserve locational marginal price failed
the Price Impact Test; and
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14.3.1.2.4

OR30 RLMP 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

14.4.1.2
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For local market power for energy:

14.4.1.1.1

14.4.1.1.2

14.4.1.1.3

For each time-step ¢ € TSand b € BCT)V4, if

LMPPP > min(LMPELY + (abs(LMPELY) * ITThresh1V¢4),
LMF, ’LP 4 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}Y4 and add EnergyLMP
to LMPIT, ;

For each time-step t € TSand b € BCTPY, if

LMPEPP > min(LMPRL? +(abs(LMPS)") * ITThresh17¢4),
LMPS? + 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 BIT?“4 and add EnergyLMP
to LMPIT, ,; and

For each time-step ¢ € 7Sand b € BC T}BCA, if

LMPPP > min(LMPE" +(abs(LMPS") * ITThresh15%4),
LMPS,LP + 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

For global market power for energy:

14.4.1.2.1

For each time-step £ € TSand b € BCTYM?, if

LMPLPP> min(LMPR? + (abs(LMES)") *
ITThresh1%MP), LMPSEY + ITThresh26MF), the Price
Impact Test was failed by the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to
subset BITFMF and add EnergyLMPto LMPIT, .
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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

14.5.1.2
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For local market power for operating reserve, for each time-step t € 7S
and b € BCTPRL:

14.5.1.1.1

14.5.1.1.2

14.5.1.1.3

If L30RP/7> L3O RPL”, 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
BITPRE and add OR30RLMPto 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
BITPRE and add OR10 NLMPto LMPIT,; and

If LlOSP[ﬁ,DP > L10S8F, “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
BITPRL and add OR10SLMPto LMPIT, ;; and

For global market power for operating reserve, for each time-step ¢t € 7S
and b € BCTPRC:

14.5.1.2.1
14.5.1.2.2
14.5.1.2.3

If L3ORPT > min(L30RPS" +(abs(L30RPS") *
ITThresh1°%¢), L3ORPS” + ITThresh29%C), 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 OR30 RLMPto LMPIT,;

If LIONE P> min(L10NPS" + (abs(L10ONE") *
ITThresh1°%¢), LIONPR” + ITThresh2°%¢), 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 NLMP

to LMPIT,,; and

If L10SPIPP > min(L10SPRLY + (abs(L10SPR”) *
ITThresh19RC), L10SPSY + ITThresh29RC), then the
Price Impact Test was failed by the resource at bus b and
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the pre-dispatch calculation engine shall assign resource to
subset B/TPR¢ 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

14.6.1.2

14.6.1.3

14.6.1.4

14.6.1.5
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If the resource has failed a Price Impact Test for energy and is in BIT}V4,
BITPA, 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.

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.

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 t € TS and all b € BY9S N (BI / “y
BIT; 'y BI tCA U BIT*MP), for hours prior to and
including the hour that failed the Price Impact Test,

T€ {I,..t},if b € BCTY* U BCT?“* U BCTE“ v
BCT(T;MP and PARAMEr, contains any of the commitment
cost parameters SUOffer, SNLOffer, or EnergyToMLP,,
replace these parameters with reference level values.

Section 14.6.1.3 shall apply to the tests for local market power and global
market power for operating reserve, except PARAMOR 1, shall be
checked in place of PARAME7 ).

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
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14.6.1.6

14.6.1.7
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corresponding Conduct Test shall have its offer data replaced with its
applicable reference level value for that hour. For each time-step t€ 75

14.6.1.5.1 if BITV“Y includes one or more resources in a narrow
constrained area, n, each resource b € BCTNA 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 area, d, each resource b € BCT?“4 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 b€ 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-steps up 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 SUOffer, SNLOffer, or
EnergyToMLP,, replace these parameters with reference
level values.

If a resource fails the local market power for operating reserve Price
Impact Test, all resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test for at least one parameter shall have the
parameter that failed the Conduct Test replaced with the resource’s
applicable reference level value for that hour. This is expressed as:
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14.6.1.8

14.6.1.7.1 For each time-step t€ T3S, if BIT?® includes one or more
resource in operating reserve region, r, all
resources, b € BIT?RL 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 Price Impact Test for r;, for all b€ BCTPR, if
PARAME }, contains any of the commitment cost
parameters SUOfter, SNLOffer, or EnergyToMLP,, replace
these parameters with reference level values.

14.7 Outputs

14.7 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

14.7.1.3
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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 ¢ € TS;

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;

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
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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 plant with K combustion turbine
resources and one steam turbine resource:

15.1.1.1  CMCR/, designates the registered maximum continuous rating of
combustion turbine resource k€ {1,.,K} in MW;

15.1.1.2  CMLP, designates the minimum loading point of combustion turbine
resource k €{1,.,K} in MW;

15.1.1.3  SMCR designates the registered maximum continuous rating of the steam
turbine resource in MW;

15.1.1.4  SMLP designates the minimum loading point of the steam turbine resource
in MW for a 1x1 configuration;

15.1.1.5 SDFdesignates the amount of duct firing capacity available on the steam
turbine resource in MW;

15.1.1.6 ~ STPortion,, designates the percentage of the steam turbine resource
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.

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), designates the maximum continuous rating of pseudo-unit k and

1s calculated as follows:
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15.1.2.2

15.1.2.3

15.1.2.4

CMCR;, + SMCR - STPortiony - (1 — CSCMy,)

MMLP, designates the minimum loading point of pseudo-unit k and is
calculated as follows:

CMLP, + SMLP - (1 — CSCM,)

MDF, designates the duct firing capacity of pseudo-unit k and is
calculated as follows:

SDF - STPortion, - (1 — CSCM,,)

MDR), designates the dispatchable capacity of pseudo-unit k and is
calculated as follows:

MMCR,, — MMLP,, — MDF,

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
15.1.3.2  The dispatchable region shall be the capacity between MMLPE, and
MMLPE, + MDRy;
15.1.3.3  The duct firing region shall be the capacity between MMLF, + MDR) and
MMCR,.
15.14 The pre-dispatch calculation engine shall calculate the associated combustion turbine

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

15.1.4.1

15.1.4.2
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For the minimum loading point region:

15.1.4.1.1 Steam turbine resource share: STShareMLP, =
SMLP-(1-CSCMy)_

MMLP,

15.1.4.1.2 Combustion turbine resource share: CTShareMLP, =
CMLP, 1

MMLP,

For the dispatchable region:

15.1.4.2.1 Steam turbine resource share:
STShareDR,, = (1—CSCMk)(SMCR-STPortionk—SMLP—SDF-STPortionk);
MDRy,
and
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15.1.4.3

15.1.4.2.2 Combustion turbine resource share:

CMCRy—CMLP},

CTShareDR; = DR ;
k

and
For the duct firing region:
15.1.4.3.1 Steam turbine resource share shall be equal to 1; and

15.1.4.3.2 Combustion turbine resource 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 resource
k €{1.,K} in time-step ¢ as determined by submitted deratings;
15.2.1.2  STCap, designates the capacity of the steam turbine resource in time-step
tas determined by submitted deratings; and
15.2.1.3  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}:

15.2.2.1

15.2.2.2

15223

MLF, ;. , which designates the minimum loading point of pseudo-unit k in
time-step &

DR, , which designates the dispatchable region capacity of pseudo-unit k
in time-step £, and

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
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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 resource’s and steam turbine
resource’s share and the application of the pseudo-unit deratings. For

pseudo-unit k €{1,..,K} for time-step ¢ € TS:
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15.2.3.1.1

152.3.1.2

15.2.3.1.3

Step 1: Calculate the amount of offered energy attributed to
each combustion turbine resource (CTAmt,;) and steam
turbine resource portion (STAmt,;):

If TotalQy, < MMLPy then:

Calculate CTAmt,, = 0;and

Calculate STAmt,, = 0.

Otherwise:

CTAMtMLP = MMLPy, - CTShareMLP;; and
STAMtMLP = MMLPy - STShareMLP,.

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

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

Otherwise:

CTAmtDR = (TotalQ.x — MMLPy) - CTShareDRy;
STAmtDR = (TotalQy, — MMLPy) - STShareDRy;
STAmtDF = 0;

CTAmt,, = CTAmtMLP + CTAmtDR; and
STAmt,, = STAmtMLP + STAmtDR + STAmtDF.

Step 2: Allocate the steam turbine resource’s capacity to
each pseudo-unit:

STAmt,
Zw €{1,..K} STAmtt,w

PRSTCap, ) = ( )-STCapt

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

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

If STAmt,, < SMLP - (1 — CSCM,), then the pseudo-
unit is unavailable.
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152.3.1.4

15.2.3.1.5

15.2.3.1.6

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

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

Step 4: Initialize the operating region parameters for time-
step £t € TSto the model parameter values:

Set MLP,, = MMLP,.
Set DRt,k = MDRk
Set DF,, = MDF,.

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

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

Set DRy = min(DRyx ,P - MDRy).

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

Calculate R so that SMLP + R -STShareDRy - MDR; =
PRSTCapy .

IfR < 1,update DF;, = 0,and DRy, = min(DR;y,,
R-MDR,).

IfR > 1,update DF; ), = min(DF;;, PRSTCap,; —
SMLP — STShareDR;, - MDRy,).

15.2.4 Available Energy Laminations

15.2.4.1
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15.24.1.1

1524.1.2

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:

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

QDR designates the total quantity that may be scheduled
in the dispatchable region; and
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15.2.4.2

15.2.4.1.3 QDF, designates the total quantity that may be scheduled
in the duct firing region.

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

0

IA

QMLP. ), < MLP,y;
0

IA

QDRt,k < DRt,k;
0 < QDF;y < DFgy;

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

if QDR < DRy, then QDF,; = 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

15.3.1.2

15.3.1.3

PS UM1'11;1  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 UMI'I][[]k shall be

set equal to 0;

PS UMaka 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 PSUMaka shall be

set equal to MLF,;+ DR, + DF;;

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

15.3.2.1

15.3.2.2
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Minimum limitation: MinDG, = max, ¢ {1,”Q}PSUMin2k
Maximum limitation: MaxDGyy = ming ¢ {1,”Q}PSUMax2k

where Q designates the number of constraints impacting a combined cycle
plant that have been provided to the pre-dispatch calculation engine.
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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
te TS, and

15.3.3.1.2 PSUMax, = PMax, PMax shall be a maximum constraint
provided on pseudo-unit k € {1,..,K} for time-step t€ T5.

1534 Combustion Turbine Resource Minimum and Maximum Constraints

15.3.4.1

15.3.4.2

15.3.4.3

Page 132 of 155

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

If CTMin < MLP; ), - CTShareMLP,, then set

; and

STMinMLP = CTMin - (w)

CTShareMLP,

STMinDR = 0.

Otherwise, if CTMin = MLP, ), - CTShareMLPy, then set
STMinMLP = MLP; ) - STShareMLPy; and

STMinDR = (CTMin — MLP,, - CTShareMLP,) - (Zom2k).

CTShareDR,

Therefore:
PSUMin,;, = CTMin+ STMinMLP+ STMinDR.

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

PSUMin,, = CTMin.

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

If CTMax < MLP,y - CTShareMLP,, then the pseudo-unit is
unavailable (i.e. PSUMax = 0).
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Otherwise, calculate the effect of the constraint on the steam turbine
resource within the minimum loading point and dispatchable regions:

STMaxMLP = MLP,, - STShareMLP,

STS hareDRk)

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

PSUMax,; = CTMax + STMaxMLP + STMaxDR

15.3.4.4 If a pseudo-unit is flagged to operate in single cycle mode, then the
combustion turbine resource’s maximum constraint shall be converted to a
pseudo-unit constraint as follows:
PSUMax,; = CTMax.
15.3.5 Steam Turbine Resource Minimum and Maximum Constraints
15.3.5.1  The pre-dispatch calculation engine shall convert a stream turbine
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resource’s 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 CSCMy, = 0 and CTCmtd, ;= 1. If the set 4 is empty,
then no further steps are required, otherwise proceed to
Step 2.

15.3.5.1.2 Step 2: Determine the steam turbine resource’s portion of
the capacity of pseudo-unit k € A:

STCap, = QMLP, STShareMLP, + ODR, ,-STShareDRy + ODF, .

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, is limited by
STCapy,.

153.5.1.4 Step 4: The steam turbine resource portion minimum
constraint shall be converted to a pseudo-unit constraint,
where for each pseudo-unit k € A:
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15.3.5.2

15353

153.5.4
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If STPMin;, < MLP, ;, - STShareMLP,, then set

;and

CTMinMLP, = STPMin,, - (CTSMTQMLPR)

STShareMLP),
CTMinDR, = 0.

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

CTMinMLP, = MLP,, - CTShareMLP,; and

CTMinDR), = (STPMin;, — MLP, . - STShareMLP;,) -
(CTShaTeDRk)
STShareDRy /"

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

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

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

STAmt,
ZWE{L..,K} STAmtt,w

PRSTMax; = ( ) *STMax.

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

PSUMax,;, = 0.

15.3.53.2 Otherwise, calculate R so that SMLP + R - STShareDR, -
MDR), = PRSTMax,y:

IfR < 1,set PSUMax,, = MLP,, + min(DR.;,R "
MDR,).

IfR > 1, set PSUMClxt’k = MLPt‘k + DRt,k +
PRSTMax, ; — SMLP — STShareDR,, - MDR.

If the steam turbine resource’s minimum and maximum constraints are
equal but do not convert to equal pseudo-unit minimum and maximum
constraints, then the steam turbine resource minimum constraint
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conversion in section 15.3.5.1 shall be used to determine equal pseudo-
unit minimum and maximum constraints.

15.4 Steam Turbine Resource Forced Outages

15.4.1 If the steam turbine resource 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

15.5.1.2

15.5.1.3
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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 resource 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.

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 resource
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.

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;
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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 plant with K combustion turbine resources and one steam
turbine resource, the pre-dispatch calculation engine shall compute the following
energy and operating reserve schedules for time-step ¢t € TS:

15.6.1.1

15.6.1.2

15.6.1.3

15.6.1.4

15.6.1.5

15.6.1.6

15.6.1.7

15.6.1.8

15.6.1.9
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CTE};, which designates the energy schedule for combustion turbine
resource k €{1,.,K};

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

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

CT10S8;, which designates the synchronized ten-minute operating reserve
schedule for combustion turbine resource k €{1,..,K};

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

ke{l,.,K:;

ST10S;, which designates the synchronized ten-minute operating reserve
schedule for the steam turbine resource;

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

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

ke{l,.,K:;

ST10N,, which designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine resource;
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15.6.1.10 CT30R,, which designates the thirty-minute operating reserve schedule
for combustion turbine resource k €{1,.,K};

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

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

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,;, which designates the total amount of energy scheduled and SE;; =
SEMLPF,; + SEDR, + SEDF,; where:

15.6.2.1.1 SEMLF,  designates the portion of the schedule
corresponding to the minimum loading point region, where
0 < SEMLP, < QMLP,;

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,; =
QMLP;

15.6.2.1.3 SEDF,  designates the portion of the schedule
corresponding to the duct firing region, where 0 <
SEDF,x < QDF,; and SEDF, ;>0 only if SEDR,; =
DRy

15.6.2.2 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 zen-
minute operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region, then 0 < SE;; + S105;; +

S10N;; < QMLF,; + QDR,; and

15.6.2.4  S30R, , which designates the total amount of thirty-minute operating
reserve scheduled, where 0 < SE,; + S10S,;+ SION,; + 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 IfSE, ;> MLP),, then:
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CTE.y = SEMLP;, - CTShareMLP, + SEDRy, - CTShareDRy;

STPE,, = SEMLP,, - STShareMLP, + SEDR, - STShareDR,, +
SEDF,;

RoomDR., = QDR;j; — SEDR;;

10SDR;; = min(RoomDRy, 5105, ;);

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

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

STP10S; ), = 10SDR;y - STShareDR; + (510S;, — 10SDR;y);

CT10N¢, = 10NDR; - CTShareDR,;

STP10N; ), = 10NDR;; - STShareDR; + (S10N., — 10NDR,);
CT30Ry; = 30RDR;j - CTShareDRy; and

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

15.6.3.2 If SE;; < 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 turbine resources portion schedules from section 15.6.3.1 shall
be summed to obtain the steam turbine resource schedule as follows:

STE; = Xk=1,.k STPE

ST10S; = Yk=1, xk STP10S; ;;
ST10N; = Xg=1. x STP10N;; and
ST30R; = Yg=1,.xk STP30R .

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.
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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

16.2.1.2

16.2.1.3

16.2.1.4

16.2.1.5

16.2.1.6

16.2.1.7

16.2.1.8

16.2.1.9

16.2.1.10

16.2.1.11
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SPEm Tga £» which designates the Pass 1 shadow price for the post-

contingency transmission constraint for facility f € Fin contingency ¢ € C
in time-step ¢

SPExtT}, , which designates the Pass 1 shadow price for the import or
export limit constraint z € Zg, in time-step ¢;

SPLL , which designates the Pass 1 shadow price for the energy balance
constraint in time-step f;

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 ¢;

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 ¢;

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);

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);

SPNorm 7}%, which designates the Pass 1 shadow price for the pre-
contingency transmission constraint for facility f € Fin time-step t;

SP10S}, which designates the Pass 1 shadow price for the total
synchronized fen-minute operating reserve requirement constraint in time-
step ¢

SP10R:, which designates the Pass 1 shadow price for the total ten-minute
operating reserve requirement constraint in time-step ;

SP30 R}, which designates the Pass 1 shadow price for the total thirty-
minute operating reserve requirement constraint in time-step ¢;
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16.2.1.12

16.2.1.13

16.2.1.14

16.2.1.15

SPRE GMinlOR}, +» which designates the Pass 1 shadow price for the

minimum ten-minute operating reserve constraint for region r € ORREG in
time-step ¢;

SPREGMin30R..,, which designates the Pass 1 shadow price for the
minimum thirty-minute operating reserve constraint for region r € ORREG
in time-step ¢;

SPREGMax10R., , which designates the Pass 1 shadow price for the

maximum fen-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 Energy Locational Marginal Prices for Delivery Points

16.3.1.1

16.3.1.2
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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 generation resource 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 LMP[}b designates the Pass 1 time-step ¢ /ocational
marginal price for energy;

16.3.1.1.2 PRef} designates the Pass 1 time-step tlocational marginal
price for energy at the reference bus;

16.3.1.1.3 PLOS.S‘% », designates the Pass 1 time-step ¢loss component;
and

16.3.1.1.4 PCong:}, ,, designates the Pass 1 time-step ¢ congestion
component.

The pre-dispatch calculation engine shall calculate an initial /ocational
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 ¢ € T, as follows:

InitLMP}, = InitPRef; + InitPLoss}, + InitPCong},
where:
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[nitPRef} = SPL;
InitPLoss}, = MglLosst, - SPLE;

and

nitPCong}, = z PreConSF, s, - SPNormT}; + z z SFycpp - SPEMT], .
fEF: c€EC fEFt .

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! < EngyPrcFlr, set PRef;! = EngyPrcFlr
Otherwise, set PRef,! = InitPRef}

16.3.1.4 If the initial locational marginal price for energy (]nitLMP,{ ») 1s not
within the settlement bounds (EngyPrcFlIr, EngyPrcCelil), then the pre-
dispatch calculation engine shall modify the locational marginal price for
energy as follows:

If InitLMP}, > EngyPrcCeil, set LMP}, = EngyPrcCeil
If InitLMP}, < EngyPrcFlr, set LMP}, = EngyPrcFlr
Otherwise, set LMP}, = InitLMP},

16.3.1.5 The pre-dispatch calculation engine shall modify the loss component as
follows:

If PRef! # InitPRef;', set PLosst, = MglLosst, - PRef;!
Otherwise, set PLoss;;, = InitPLosst,

16.3.1.6  The pre-dispatch calculation engine shall modify the congestion
component as follows:

If LMP}, — PRef! — PLoss}, and InitPCong;, have the same
mathematical sign, then set PCong;,= LMP}, — PRef! —
PLosst,
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Otherwise, set PCong}, = 0 and set PLoss}, = LMP}, —

PRef}

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 ¢ € 7S for
intertie zone bus d € D, where:

16.3.2.1.1

16.3.2.1.2

16.3.2.1.3

16.3.2.1.4

16.3.2.1.5

16.3.2.1.6

16.3.2.1.7

16.3.2.1.8

EXtLMB;ld designates the Pass 1 time-step ¢/locational
marginal price for energy;

IntLMPt’ld designates the Pass 1 time-step tintertie border
price for energy;

ICB}d designates the Pass 1 time-step tintertie congestion
price;

PRef} designates the Pass 1 time-step ¢ locational marginal
price for energy at the reference bus;

PLOSS}’ 4 designates the Pass 1 time-step ¢loss component;

P]ntCong%/ 4 designates the Pass 1 time-step ¢internal
congestion component for energy;

PEXfCong%, 4 designates the Pass 1 time-step ¢external
congestion component for the intertie congestion price; and

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 /ocational
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 142 of 155

Public IMO_FORM_1087v13.00
REV-21-06



InitExtLMP,; = [m’t[ntLM]{’ld + fm’thPéd
where:

[nitPRef} = SPLL;

InitPLoss,,= MglLoss, ;-SPL;;

InitPIntCong; 4

= Z PreConSF,f 4 -
fEF:

SPNorngf + Z Z SF;cra -SPE'mTtIJC,f;
CEC fE€Fyc

InitintLMP, ;= InitPRef} + InitPLoss;;+ InitPIntC ongi,, &
InitPExtCong, ;= Y. ez, EnCoeft, , - SPExtT};

.z

and
InitPNISL,; = SPNIUExtBwdT} - SPNIUExtFwdT} - SPNIDExtBwdT} + SPNIDExtFwdT};
InitICFl;= InitPExtCong ,+ InitPNISL ,

16.3.2.3  Ifthe initial locational marginal price for energy (InitEXtLMQId) 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 (lnitlntLMPt,ld) shall be
modified as per section 16.3.1.4, where InitLMPt,lb =
InitintLMP.;

16.3.2.3.3 The initial loss component (]Hil'PLOSS% ) shall be modified
as per section 16.3.1.5; and

16.3.2.3.4 The initial internal congestion component (/nitPIntC. ong%, )
shall be modified as per section 16.3.1.6, where
InitPC ong%, p = InitPIntC ong%/ d

16.3.2.4  If the initial locational marginal price for energy (InitEXtLMQId) is not
within the settlement bounds (EngyPrcFIr, EngyPrcCeil), then the pre-
dispatch calculation engine shall modify the locational marginal price for
energy, as follows:
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If InitExtLMP}; > EngyPrcCeil, set ExtLMPl; =
EngyPrcCeil

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

Otherwise, set EXtLMP;; = InitExtLMP},

16.3.2.5 If the modified locational marginal price for energy (EXtLMPC]d) is equal

to the intertie border price for energy (lntLMffd), 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 ExXtXLMP,; = IntLMP},, set PExtCongi, = 0 and
PNISL;; = 0

16.3.2.6  If the modified locational marginal price for energy (ExtLMP,I, 4) 1s not

equal to the intertie border price for energy (IntLMPt{ 4), 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}; # IntLMPL,, set

PNISL!; = (ExtLMP}, — IntLMPL,)

InitPNISL} 4
InitPNISL! ; + InitPExtCongl,)

If PNISLY, > NISLPen, set PNISLt, = NISLPen

If PNISL; 4 < (—1)-NISLPen, set PNISL; 4 = (—1)-
NISLPen

Then PExtCong;, = ExtLMP.; — IntLMP;, — PNISL}

16.3.2.7 The pre-dispatch calculation engine shall calculate the intertie congestion
price as follows:

ICPL, = PExtCongl, + 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
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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.

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 for energy shall be set to the intertie border
price for energy.

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 ¢ for each virtual
transaction zone m € M, as follows:

VZonalP,, = PRef! + VZonalPLosst,, + VZonalPCongt,,

where
VZonalPLosst,, = WFYIRT . PLosst),
beLRRT
and

VZonalPCongt,, = Z WE/IRT . PCong},

beLpRT

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{, = PRef + ZonalPLoss}, + ZonalPCong;,

where:

ZonalPLosst, = Z Wny‘?g;“-PLossgjb

NDL
bELY

and

Page 145 of 155 Public IMO_FORM _1087v13.00
REV-21-06



16.3.3.3

ZonalPCongt, = Z WFffé‘-PCongib

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.

16.3.4 Pseudo-Unit Pricing

16.3.4.1

16.3.4.2
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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:

16.3.4.1.1

16.3.4.1.2

16.3.4.1.3

16.3.4.1.4

16.3.4.1.5

16.3.4.1.6

C TMg]LOSS}/ , designates the marginal loss factor for the
combustion turbine resource identified by pseudo-unit k for
time-step £in Pass 1;

ST Mg]LOSSf  designates the marginal loss factor for the

steam turbine resource identified by pseudo-unit k for time-
step tin Pass 1;

CTPreConSF, ¢ designates the pre-contingency sensitivity
factor for the combustion turbine resource identified by
pseudo-unit k on facility f during time-step ¢under pre-
contingency conditions;

STPreConSF, g designates the pre-contingency sensitivity
factor for the steam turbine resource identified by pseudo-
unit k on facility f during time-step ¢under pre-contingency
conditions;

CTSF, . s designates the post-contingency sensitivity factor
for the combustion turbine resource identified by pseudo-
unit k on facility f during time-step ¢under post-
contingency conditions for contingency c; and

STSF, . rx designates the post-contingency sensitivity factor
for the steam turbine resource identified by pseudo-unit k
on facility f during time-step ¢£under post-contingency
conditions for contingency c.

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:
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InitLMP},, = InitPRef* + InitPLosst, + InitPCongt,
where:

InitPRef;! = SPLY;

InitPLoss}, = MglLosst - SPL;

and

InitPCongtl_k = Z PreConSF, ¢ -SPNormTtl_f + Z Z SFec ik -SPEmTtljcrf
fEFt cEC fEFt.C

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

PreConSF s
= CTShareMLPy - CTPreConSF.f) + STShareMLPy
 STPreConSFy s

SF, e = CTShareMLP, - CTSF, ) + STShareMLP, -STSF, s

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

MglLosst, = CTShareDR,, - CTMglLosst, + STShareDR,,
- STMglLossi

PreConSFy s
= CTShareDRy - CTPreConSF. ¢, + STShareDR,
- STPreConSF s

SFicrx = CTShareDRy - CTSF; ) + STShareDRy - STSF .

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}, = STMglLoss,

PreConSF; ;) = STPreConSF; s
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SFt,C,f,k - STSFt,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
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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 load at bus b € B, where:

16.4.1.1.1

16.4.1.1.2

16.4.1.1.3

16.4.1.1.4

16.4.1.1.5

16.4.1.1.6

16.4.1.1.7

16.4.1.1.8

16.4.1.1.9

L30RPLJb designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve;

P30RRef! designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve at the
reference bus;

PSORCong%/ ;, designates the Pass 1 time-step ¢ congestion
component for thirty-minute operating reserve;

L10NPgb designates the Pass 1 time-step ¢/ocational

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

P10 NRef} designates the Pass 1 time-step ¢ locational
marginal price for non-synchronized ten-minute operating
reserve at the reference bus;

PlONCong}, » designates the Pass 1 time-step ¢congestion
component for non-synchronized ten-minute operating
reserve;

L1 OSPC]b designates the Pass 1 time-step t locational

marginal price for synchronized ten-minute operating
reserve;

P10SRef! designates the Pass 1 time-step t locational
marginal prices for synchronized ten-minute operating
reserve at the reference bus;

PlOSCong%l  designates the Pass 1 time-step ¢congestion

component for synchronized ten-minute operating reserve;
and
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16.4.1.2
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16.4.1.1.10  ORREG, S ORREG as the subset of ORREG consisting of
regions that include bus 4.

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 € B in
time-step t € TS, for each class of operating reserve, as follows:

Initl30REY, = InitP30RRef! + InitP30 RCong.,

where
InitP30 RRef! = SP30R.
and
InitP30RCong},
= z SPREGMin30R.,
TEORREG)
+ Z SPREGMaxSOR}‘r
rEORREG)

InitL10 NB!, = InitP\ONRef} + InitP10 NCong,,

where

InitPLONRef! = SPIOR! + SP30R!

and

InitP10NCong;,
= z (SPREGMin10R},
TEORREG)
+ SPREGMin30R}.,)
+ Z (SPREGMax10R},
rEORREG)

+ SPREGMax30R} )
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16.4.1.3

16.4.1.4
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InitL10SFl, = [nitP10SRef} + InitP10SCongy,
where

InitP10SRef! = SP10S! + SPLOR. + SP30R:

and

InitP10SCong;
= z (SPREGMin10R},
rEORREG),
+ SPREGMin30R},)
+ Z (SPREGMax10R},
TrEORREG)

+ SPREGMax30R},)

If the initial locational marginal price at the reference bus (InitP30RRef?,
InitP10NRef!, 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 InitP30RRef;* > ORPrcCeil , set P30RRef! = ORPrcCeil;
If InitP30RRef! < ORPrcFlr,set P30RRef;} = ORPrcFlr;
Otherwise, set P30RRef; = InitP30RRef;.

If InitP10NRef! > ORPrcCeil , set PIONRef! = ORPrcCeil
If InitP10NRef! < ORPrcFlr, set PIONRef! = ORPrcFlr
Otherwise, set PIONRef! = InitP10NRef}

If InitP10SRef;}, ORPrcFlr > ORPrcCeil , set 10SRef! =
ORPrcCeil

If InitP10SRef}, ORPrcFlr < ORPrcFlr, set 10SRef! =
ORPrcFlr

Otherwise, set 10SRef,! = InitP10SRef}

If the initial locational marginal price (1111'tL30RPt/1b,
InitL10NPY, or InitL1 OSPt/Jb) is not within the settlement bounds
(ORPrcFlIr, ORPrcCeil), then the pre-dispatch calculation engine shall

modify the locational marginal price for each class of operating reserve
as follows:
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16.4.1.5

16.4.1.6

16.4.1.7
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If InitL30RP}, > ORPrcCeil, set L3ORP}, = ORPrcCeil;
If InitL30RP}, < ORPrcFlr,set L30RP}, = ORPrcFlr;
Otherwise, setL30RP;, = InitL30RP},.

If InitL10NP}, > ORPrcCeil, set LLONP}, = ORPrcCeil;
If InitL10NP}, < ORPrcFlr, set LLONP}, = ORPrcFlr,
Otherwise, seL10NP}, = InitL10NP},t.

If InitL10SP}, > ORPrcCeil, set LI0SP}, = ORPrcCeil;
If InitL10SP}, < ORPrcFlr, set LIOSP, = ORPrcFlr;
Otherwise, set L10SP}, = InitL10SP,.

If the initial locational marginal price (lnitL.S’ORHIJb,

InitL1 ON}}fb, or /nitL1 OS}ZJZ,) 1s 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 P30RCong;, = L30RP}, — P30RRef;
Set PLONCong;, = L10NP}, — P10NRef;; and
Set P10SCong;, = L10SP}, — P10SRef;.
Operating Reserve Locational Marginal Prices for Intertie Metering Points

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., designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve,

16.4.1.7.2 P30RRef} designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve at the
reference bus;

16.4.1.7.3 PSOR]ntCong} 4 designates the Pass 1 time-step ¢internal
congestion component for thirty-minute operating reserve;

16.4.1.7.4 PBOREXtCong%, 4 designates the Pass 1 time-step ¢intertie
congestion component thirty-minute operating reserve,

Public IMO_FORM_1087v13.00
REV-21-06



16.4.1.8
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16.4.1.7.5

16.4.1.7.6

16.4.1.7.7

16.4.1.7.8

16.4.1.7.9

ExtL10 NP, designates the Pass 1 time-step ¢ locational
marginal price for non-synchronized ten-minute operating
reserve,

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

PlON]ntCong%, 4 designates the Pass 1 time-step ¢internal
congestion component for non-synchronized ten-minute
operating reserve;

PlONEXtCong%’ 4 designates the Pass 1 time-step ¢external
congestion component for non-synchronized ten-minute
operating reserve; and

ORREG,; S ORREG as the subset of ORREG consisting of
regions that include bus d.

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 £ € 75, for each
class of operating reserve, subject to sections 16.4.1.11 and 16.4.1.12, as

follows:

InitExtl3 O}?PC1 = InitP30RRef} + !m'tP?;OR]ntCong% a1t InitP30 RExtCy onglt d

where:
InitP30 RRef! = SP30R.;

InitP30RIntCongly= Y. corrrc, SPREGMIn30 R}, +
Y corric, SPREGMax30R},;

and

InitP30RExtCong} 4 = z 0.5 (EnCoeff,, + 1) - SPExtTZ,.

ZEZ5ch
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16.4.1.9

InitExtl10 NP,}(,= InitP10NRef! + InitP1 OantCong%d + !nftPlONEXtCongid
where:
[nitP1\ONRef} = SPIOR: + SP30R};

InitPLONIntCongt ;=Y. rcorrec ( SPREGMin10RL . +
SPREGMIm30R.,) + ¥ correc ( SPREGMax10 R, , +
SPREGMax30R.,);

and

InitP10NExtCong} 4 = Z 0.5 - (EnCoeff, , + 1) - SPExtT{,

ZEZSch

If the initial locational marginal price ([n1'tEXtL30R}},1b) 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:

IntL30R = InitP30RRef; + InitP30RIntCong;4;
If InitP30RRef;* > ORPrcCeil , set P30RRef! = ORPrcCelil,
If InitP30RRef! < ORPrcFlr,set P30RRef;} = ORPrcFlr;
Otherwise, set P30RRef! = InitP30RRef};
Set P30RIntCongt, = ExtL30RP}, — P30RRef;;

If InitExtL30RPt1,b > ORPrcCelil , set ExtLSORPéb = ORPrcCelil;

If InitExtL3ORPt1,b < ORPrcFlr, set ExtLBORPtl,b = ORPrcFlr;
Otherwise, ExtL30RP}, = InitExtL30RP},; and

Set P30RExtCongi, = ExtL30RP}, — P30RRef;' —
P30RIntCong; 4

16.4.1.10 If the initial locational marginal price (InitExtL1 ON}},JZ,) is not within the
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settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the initial locational marginal price,
locational marginal price at the reference bus, and the external congestion
component for fen-minute operating reserve as follows:

IntL10N = InitP10NRef' + InitP10NIntCong;;
If InitP10NRef! > ORPrcCeil , set PIONRef}! = ORPrcCeil;
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16.4.1.11

16.4.1.12

If InitP10NRef! < ORPrcFlr, set PIONRef! = ORPrcFlr;
Otherwise, PIONRef; = InitP10NRef?!; and
Set P10NIntCongl, = L10NPY, — PLONRefl;

If InitExtL10NP}, > ORPrcCeil , set ExtL1IONP}, =
ORPrcCeil;

If InitExtL10NP}, < ORPrcFlr, set ExtL10NP}, =
ORPrcFlr;

Otherwise, ExtL30RP}, = InitExtL10NP},; and

Set PIONExtCong; 4 = ExtL10NP}, — P10NRef{ —
P10NIntCongt

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 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:

16.5.1.1

16.5.1.2
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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
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reconnection path and the MW ratings of the newly connected branches;
and

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; (11) 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, using a node-level and facility-level substitution list
determined by the /ESO:

16.5.2.1

16.5.2.2

16.5.2.3

16.5.2.4

16.5.2.5
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Use the locational marginal price for energy at a node in the node-level
substitution list where defined and enabled by the /ESO, provided such
node is connected to the main island,

If no such nodes are identified, use the average locational marginal price
for energy of all nodes at the same voltage level within the same facility
that are connected to the main island,

If no such nodes are identified, use the average locational marginal price
for energy of all nodes within the same facility that are connected to the
main island,

If no such nodes are identified, use the average locational marginal price
for energy of all nodes from another facility that is connected to the main
island, as determined by the facility-level substitution list where defined
and enabled by the /ESO; and

If a price is unable to be determined in accordance with sections 16.5.2.2
through 16.5.2.4, use the locational marginal price for energy for the
reference bus.
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