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Appendix 7.1 — Energy Offer, Schedule or
Forecast Information

1.1 Within the IESO Control Area

1.1.1 Unique plant identifier (by generation unit or generation units that have been
aggregated with the approval of the /ESO).

1.1.2 Contact information.
1.1.3 Hour(s) for which offer, schedule or forecast applies.
1.1.4 [Intentionally left blank — section deleted]

1.1.5 For a dispatchable generation facility, two to twenty price-quantity pairs for each
dispatch hour, the final of which represents the maximum quantity of the offer. If
the generator has specified forbidden regions, the submitted offer price-quantity
pairs must include a quantity equal to each of the lower and upper limits of each
forbidden region.

1.1.6 For a dispatchable generation facility, one to five sets of ramp quantity and ramp
up/ramp down values for each dispatch hour applicable to the entire range of
generator output contained in the offer.

1.1.7 Daily energy limit (if applicable).
1.1.8 [Intentionally left blank — section deleted]
1.1.9 [Intentionally left blank — section deleted]

1.1.10 Is this a standing offer, schedule or forecast? Yes/No. If Yes, Date To:
For which day(s) of the week?

1.2 Offers Outside the IESO Control Area

1.2.1 Unique boundary entity identifier (by boundary entity resource as created by the
IESO).
1.2.2 Contact information.
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1.2.3 Hour(s) for which offer applies.
1.2.4 [Intentionally left blank]

1.2.5 Two to twenty price-quantity pairs for each dispatch hour, the final of which
represents the maximum quantity of the offer.

1.2.6 Daily energy limit (if applicable).

1.2.7 [Intentionally left blank]

1.2.8 Is this a standing offer? — Yes/No. If Yes, Date To: For which day(s) of the
week?

1.2.9 Source control area (determined by selecting appropriate boundary entity
resource).

1.2.10 [Intentionally left blank]
1.2.10A  NERC transaction tag identification.

1.2.11 NERC transaction tags shall be submitted within the times outlined in the /ESO
interchange tagging procedures and in accordance with the following:

1.2.11.1  all resources shall be designated as firm for the Ontario flowgates and
the Ontario portion of the infertie flowgates;

1.2.11.2  each registered market participant shall submit its transaction tag to
the /ESO through the electronic information system sanctioned by the
relevant standards authority or, when not available, by such
alternative means as may be specified by the /ESO consistent with the
policies of the relevant standards authority; and

1.2.11.3 interchange scheduling defaults specified by the relevant standards
authority shall be used unless otherwise approved by the /ESO.
Transactions shall be one hour in duration, in accordance with
agreements between control areas along the path. Transactions shall
ramp in/out over the hour and shall respect a ten-minute ramp period.
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1.3 [Intentionally left blank — section deleted]

1.3.1 [Intentionally left blank — section deleted]
1.3.2 [Intentionally left blank — section deleted]
1.3.3 [Intentionally left blank — section deleted]
1.34 [Intentionally left blank — section deleted]
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Appendix 7.2 — Energy Bid Information

1.1 Within the IESO Control Area

1.1.1 Unique load identifier.

1.1.2 Contact information.

1.1.3 Hours for which bid applies.
1.1.4 [Intentionally left blank]

1.1.5 Two to twenty price-quantity pairs for each dispatch hour, the final of which
represents the maximum quantity of the bid.

1.1.6 One to five ramp sets of ramp quantity and ramp up/ramp down values for each
dispatch hour applicable to the entire range of load contained in the bid.

1.1.7 [Intentionally left blank]
1.1.8 [Intentionally left blank]

1.1.9 Is this a standing bid? Yes/No. If Yes, Date To: For which day(s) of
the week?

1.2 Bids Outside the IESO Control Area

1.2.1 Unique boundary entity identifier (by boundary entity resource as created by the
IESO).
1.2.2 Contact information.

1.2.3 Hour(s) for which bid applies.
1.2.4 [Intentionally left blank]

1.2.5 Two to twenty price-quantity pairs for each dispatch hour, the final of which
represents the maximum quantity of the bid.

1.2.6 [Intentionally left blank]

1.2.7 [Intentionally left blank]
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1.2.8

1.2.9

1.2.10

1.2.10A

1.2.11

Is this a standing bid? — Yes/No. If Yes, Date To: For which day(s) of
the week?

Sink control area (determined by selecting appropriate boundary entity resource).
[Intentionally left blank]
NERC transaction tag identification.

NERC transaction tags shall be submitted within the times outlined in the /ESO
interchange tagging procedures and in accordance with the following:

1.2.11.1  all resources shall be designated as firm for the Ontario flowgates and
the Ontario portion of the intertie flowgates;

1.2.11.2  each registered market participant shall submit its transaction tag to
the /ESO through the electronic information system sanctioned by the
relevant standards authority or, when not available, by such
alternative means as may be specified by the /ESO consistent with the
policies of the relevant standards authority; and

1.2.11.3  interchange scheduling defaults specified by the relevant standards
authority shall be used unless otherwise approved by the /ESO.
Transactions shall be one hour in duration, in accordance with
agreements between control areas along the path. Transactions shall
ramp in/out over the hour and shall respect a ten-minute ramp period.
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Appendix 7.3 — Operating Reserve Offer
Information

1.1 Generators Within the IESO Control Area

1.1.1 Unique plant identifier (by generation unit or IESO-approved aggregated
generation units).

1.1.2 Contact information.
1.1.3 Hour(s) for which offer applies.

1.1.4 Minimum MW level of generator output at which the generation unit can offer its
maximum level of ten-minute operating reserve that is synchronized with the
IESO-controlled grid.

1.1.5 Minimum MW level of generator output at which the generation unit can offer its
maximum level of thirty-minute operating reserve.

1.1.6 Two to five price-quantity pairs for each dispatch hour for each category of
operating reserve being offered, the final of which represents the maximum
quantity of the offer.

1.1.7 One ramping rate applicable for all categories of operating reserve being offered.

1.1.8 [Intentionally left blank]
1.1.9 [Intentionally left blank]
1.1.10 [Intentionally left blank]

1.1.11 Is this a standing offer? Yes/No. If Yes, Date To: For which day(s) of
the week?

1.2 Offers Outside the IESO Control Area

1.2.1 Unique boundary entity identifier (by boundary entity resource as created by the
1IESO).
1.2.2 Contact information.

1.2.3 Hour(s) for which offer applies.
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1.2.4

1.2.5

1.2.6

1.2.7

1.2.7A

1.2.8

1.3

1.3.1
1.3.2
1.3.3
1.3.4

1.3.5

1.3.6
1.3.7

1.3.8

Two to five price-quantity pairs for each dispatch hour for each category of
operating reserve being offered, the final of which represents the maximum
quantity of the offer.

[Intentionally left blank]

Is this a standing offer? — Yes/No. If Yes, Date To: For which day(s) of
the week?

Source control area (determined by selecting appropriate boundary entity
resource).

NERC transaction tag identification.

NERC transaction tags shall be submitted within the times outlined in the /ESO
interchange tagging procedures and in accordance with the following:

1.2.8.1 all resources shall be designated as firm for the Ontario flowgates and
the Ontario portion of the intertie flowgates; and

1.2.8.2  each registered market participant shall submit its transaction tag to
the /ESO through the electronic information system sanctioned by the
relevant standards authority or, when not available, by such
alternative means as may be specified by the /ESO consistent with the
policies of the relevant standards authority.

Load Within the IESO Control Area

Unique load identifier.

Contact information.

Hour(s) for which offer applies.
[Intentionally left blank]

Two to five price-quantity pairs for each dispatch hour for each category of
operating reserve being offered, the final of which represents the maximum
quantity of the offer.

One ramping rate applicable for all categories of operating reserve being offered.
[Intentionally left blank]

[Intentionally left blank]
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1.3.9

1.4

1.4.1

1.4.2
1.4.3

1.4.4

1.4.5

1.4.6

1.4.7
1.4.7A

1.4.8

Is this a standing offer? Yes/No. If Yes, Date To: For which day(s) of
the week?

Loads Outside the IESO Control Area

Unique boundary entity identifier (by boundary entity resource as created by the
IESO).

Contact information.
Hour(s) for which offer applies.

Two to five price-quantity pairs for each dispatch hour for each category of
operating reserve being offered, the final of which represents the maximum
quantity of the offer.

[Intentionally left blank]

Is this a standing offer — Yes/No. If Yes, Date To: For which day(s) of
the week?

Sink control area (determined by selecting appropriate boundary entity resource).
NERC transaction tag identification.

NERC transaction tags shall be submitted within the times outlined in the /ESO
interchange tagging procedures and in accordance with the following:

1.4.8.1 all resources shall be designated as firm for the Ontario flowgates and
the Ontario portion of the intertie flowgates; and

1.4.8.2  each registered market participant shall submit its transaction tag to
the /ESO through the electronic information system sanctioned by the
relevant standards authority or, when not available, by such
alternative means as may be specified by the /ESO consistent with the
policies of the relevant standards authority.
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leso MDP_RUL_0002_07A

Appendix 7.4 — Transmission Information

Required for Scheduling and Dispatching

1.1 Transmission Information Required for Scheduling and
Dispatching

1.1.1 Full connection-related reliability information and transmission system data is
required to be provided and updated to the /ESO in accordance with Section 2.2.5
of Chapter 7 and Appendix 4.16 of Chapter 4.

1.1.2 Advance outage information is required to be provided to the /ESO in terms of
Chapter 5.

1.1.3 The following information is required to be advised to the /ESO for scheduling
and dispatch purposes:

1.1.3.1 any change to the maximum thermal rating of any transmission branch
as advised by the /ESO to be included in the scheduling dispatch and
pricing algorithm; and

1.1.3.2 any change to the proposed outage plan as advised to and approved by
the /ESO.
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Note: The existing Appendix 7.5- The Market Clearing and
Pricing Process has been deleted in its entirety and replaced with

the new Appendix 7.5- The Day-Ahead Market Calculation
Process

Note: The existing Appendix 7.5A- The DACP Calculation
Engine Process has been deleted in its entirety and replaced with

the new Appendix 7.5A- The Pre-Dispatch
Calculation Engine Process

Note: The existing Appendix 7.6- Local Market Power has been

deleted in its entirety and replaced with the new Appendix 7.6-
The Real-Time Calculation Engine Process
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Appendix 7.5 — The Day-Ahead Market
Calculation Engine Process

1.1 Purpose

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

2 Day-Ahead Market Calculation Engine

2.1 Passes of the Day-Ahead Market Calculation Engine

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

2.1.1.1 Pass 1. the Market Commitment and Market Power Mitigation Pass in
accordance with section 7:

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

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

3 Information Used by the Day-Ahead
Market Calculation Engine

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

4.1 Fundamental Sets and Indices

4.1.1 A designates the set of all intertie zones:

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

4.1.3 B’RL c B designates the set of buses identifying price responsive loads:

4.1.4 BPL c Bdesignates the set of buses identifying dispatchable loads:

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

4.1.6 BVPG . B designates the set of buses identifying non-dispatchable generation
resources:

4.1.7 BP% c Bdesignates the set of buses identifying dispatchable generation
resources:

4.1.8 BVOS < BPG desionates the subset of buses identifying dispatchable non-quick

Start resources,

4.1.9 BV © BVOS designates the subset of buses identifying pseudo-units:;

4.1.10 B¢ ¢ BPC designates the subset of buses identifying dispatchable variable
generation resources:

4.1.11 BPLR ¢ BPG designates the subset of buses identifying enerey limited resources:

4.1.12 B"E ¢ BPC desigonates the subset of buses identifying dispatchable hydroelectric
generation resources,

4.1.13 B c B"F designates the subset of buses identifying dispatchable hydroelectric
generation resources in set s € SHE,

41.14  o(B"F) designates the set of all subsets of the set BAZ;
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4.1.20

4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

BliY € so(B") 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 ¢ o(B"F) designates the set of buses identifying all downstream
dispatchable hydroelectric generation resources with a registered forebay that are
linked via time lag and MWh ratio dispatch data with upstream dispatchable
hydroelectric generation resources with a registered forebay;

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

BT c BV designates the subset of buses identifying pseudo-units with a share
of steam turbine p € PST.

BNVOVODF . pPSU qesionates the subset of buses identifying pseudo-units that
cannot provide ten-minute operating reserve from the duct firing region;

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

4.1.21

assessment function;

D designates the set of buses outside Ontario, corresponding to imports and

4.1.22

4.1.23

4.1.24

4.1.25

4.1.26

4.1.27

exports at intertie zones;

DEMPRef D) desionates the set of global market power reference intertie zones,
and boundary entity resources for those interties:

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

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

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

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

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

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

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

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

4.1.32 DIEMNS © DIEM designates the intertie zone buses corresponding to emergency
energy import transactions that do not support emergency energy export
transactions in hour /4 € {1,..,24};

4.1.33 DIINP € DI designates the intertie zone buses cotresponding to inadvertent energy
payback import transactions for hour 4 € {1,..,24};

4.1.34 F designates the set of facilities and groups of facilities for which transmission
constraints may be identified:

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

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

4.1.37 /,b; p.designates the set of bid laminations for energy at b € BU DXU VB for hour
hef{l,.24};

4.1.38 /4% designates the set of offer laminations for synchronized ten-minute operating
reserve at bus b € Bfor hour 4 € {1,..,24};

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

4.1.40 /45 designates the set of offer laminations for non-synchronized ten-minute
operating reserve atbus b € BU DX for hour A € {1,..,24};
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4.1.41

/];{EN designates the set of reference level value laminations for non-synchronized

4.1.42

ten-minute operating reserve at bus b € Bfor hour A € {1, ..,24};

30R

4.1.43

Jip designates the set of offer laminations for thirty-minute operating reserve at
bus b€ BU DX for hour 4 € {1,..,24};

Jioa® designates the set of reference level value laminations for thirty-minute

4.1.44

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

K,‘i p.designates the set of offer laminations for energy at bus b€ BUDIU VO for

4.1.45

hour 4 € {1,..,24}.

K f p.designates the set of reference level value laminations for energy at bus

4.1.50

4.1.46

4.1.47

4.1.48

4.1.49

b€ Bforhour h € {1,..,24};

,L’Z c K,‘f p.designates the set of offer laminations for energy corresponding to the
duct firing region of a pseudo-unit at bus b € B%in hour h € {1, ..,24};

K,‘;ﬁ c K,b; p.designates the set of offer laminations for energy corresponding to the
dispatchable region of a pseudo-unit at bus b € B*Uin hour 4 € {1, ..,24};

KL,LQMLP designates the set of offer laminations for energy quantities up to the
minimum loading point for a non-quick start resource at bus b € BV9Sin hour

he{l,.. 24}

K, ,%MLP 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 € BVSin hour 4 € {1,..,24};

K designates the set of offer laminations for synchronized ten-minute operating

4.1.52

4.1.51

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

K735 designates the set of reference level value laminations for synchronized ten-
minute operating reserve at bus b € Bfor hour 4 € {1,..,24};

K35 designates the set of offer laminations for non-synchronized ten-minute

4.1.53 fod

operating reserve at bus b € BU DI for hour h € {1,..,24};

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

K’lON
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4.1.54 K3%F designates the set of offer laminations for thirty-minute operating reserve at
bus b € BU DI for hour 4 € {1,..,24};

4.1.55 K %f’bR designates the set of reference level value laminations for thirty-minute
operating reserve at bus b € Bfor hour 4 € {1,..,24};

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

4.1.57 LPE € I designates the buses contributing to the zonal price for non-dispatchable
load zone y €Y,

4.1.58  IVIRT ¢ ] designates the buses contributing to the virtual zonal price for virtual
transaction zone m € M;

4.1.59 M designates the set of virtual transaction zones:;
4.1.60 NCA designates the set of narrow constrained areas:;
4.1.61 DCA designates the set of dynamic constrained areas:

4.1.62 BCA designates the set of broad constrained areas:

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

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

4.1.65 IV designates the set of offers and bids for energy corresponding to virtual
transactions,

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

transactions:

4.1.67 VO € Vdesignates the set of offers for energy corresponding to virtual
transactions;

4.1.68 I, © Vdesignates the set of offers and bids for energy corresponding to virtual

transactions at virtual transaction zone m € M
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4.1.71

4.1.69

4.1.70

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

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

Y designates the non-dispatchable load zones in Ontario; and

4.1.72

Zs.n_designates the set of all intertie limit constraints.

4.2

Market Participant Data Parameters

4.2.1

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

BNDG .

4.2.1.1 ¢NDG, designates the maximum incremental quantity of energy that

may be scheduled in hour 4 € {1,.,24} in association with offer
lamination kX € K,’f poand

4.2.1.2 PNDG, ;, , designates the price for the maximum incremental quantity
of energy in hour A € {1,.,24} in association with offer lamination & €

K .

4.2.2 With respect to a dispatchable generation resource identified by bus
be BP¢:

4.2.2.1 MinQDG),, designates the minimum loading point;

4222 QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in hour 4 €
{1, ..,24} in association with offer lamination k € K,b; b

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

Kib-;

4224  Q1085DG),  designates the maximum incremental quantity of

synchronized fen-minute operating reserve in hour h € {1, ..,24} in

association with offer lamination k € h,ObS;
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4225  P10SDG) . designates the price for the maximum incremental

quantity of synchronized ten-minute operating reserve in hour s €

{1,..,24} in association with offer lamination k € ,LObS N

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

association with offer lamination & € K}fb’v :

4227  PIONDG, . designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in hour h €
{1, ..,24} in association with offer lamination k € [(}fb/v N

4.2.2.8 Q@30RDG), p, i designates the maximum incremental quantity of thirty-

minute operating reserve in hour A € {1, ..,24} in association with

offer lamination k € ;,,ObR;

4.2.2.9 P30RDG, p,  designates the price of the maximum incremental

quantity of thirty-minute operating reserve in hour A € {1, ..,24}.in

association with offer lamination k € K33

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

42.2.11  NumRRDG},; designates the number of ramp rates provided in hour
he{l,..,24};

42212 RmpRngMaxDG,,,, for we {1,.,NumRRDG),,,} designates the w™
ramp rate break point in hour h € {1, ..,24};

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

4.2.2.14 DRRDG,, , for we {1,.,NumRRDG;;} designates the ramp rate in
MW per minute at which the resource can decrease the amount of
energy it supplies in hour h € {1, ..,24} while operating in the range
between RmpRngMaxDGy,y, .1 and RmpRngMaxDGy, j,,,» where
RmpRngMaxDGj, 1, shall be equal to zero;
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4.2.2.15 RLP30Ry, designates the reserve loading point for thirty-minute
operating reserve in hour h € {1, ..,24}; and

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

4.2.3 With respect to a dispatchable non-quick start resource identified by bus b €

BNs:

4.2.3.1 SUDG}, ;, designates the start-up offer in hour A € {1, ..,24};

4.2.3.2 SNLy, , designates the speed no-load offer in hour 4 € {1, ..,24};

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

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

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

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

4.2.3.7 RampkEy}, , designates the ramp up energy to minimum loading point
for we {1,.., RampHrsy}.

4.2.3.8 QLTMLPF, }, . designates the maximum incremental quantity of energy
up to the minimum loading point that may be scheduled in hour 4 €
{1, ..,24}.1n association with offer lamination k € Kﬂ;MLP N

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

4.2.3.10 MGODG ), designates the minimum generation cost to operate at
minimum loading point in hour h€{1, ..,24}. This parameter is
calculated as follows:
MGODGth = SNLh.,b + Z PLTMLPh'b,k * QLTMLPh,b,k

ke IMLP
4.2.4 With respect to an energy limited resource identified by bus b € BL:
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4.2.4.1

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

4.2.5 With respect to a dispatchable hydroelectric generation resource identified by bus
be BIE
4.2.5.1 MinHMR}, , designates the hourly must-run value for the resource in
hour # € {1,..,24};
4.2.5.2 MinHO,, , designates the minimum hourly output for the resource in
hour h € {1,..,24};
4253 MinDFL, designates the minimum daily energy limit for a single
resource with or without a registered forebay;
4.2.54  MaxStartsHE, designates the maximum number of starts per day for
the resource:;
4.2.5.5 StartMWj,; for 1€{1, .., NStartMW}} designates the start indication
value for measuring maximum number of starts per day:; a start is
counted between hours h and (/4 + 1) _if the schedule increases from
below StartMW),; to at or above StartMW},; and
4.2.5.6 (ForlLy,;, ForUy;) fori € {1,.., NFor,} designate the lower and upper
limits of the forbidden regions and indicate that the resource cannot be
scheduled between ForLy; and ForU,, for all /€{1,.,NFory}.
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, and

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

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

427.1  LNKC BlFx Blj7 designates the set of linked dispatchable

hydroelectric generation resources, where LNK is a set with elements
of the form (b;, b,) and b; € Bii% and b, € B,

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-29



4.2.8

4.2.7.2

4.2.7.3

Lagy, », € {0, .., 23} designates the time lag in hours between
upstream dispatchable hydroelectric generation resources b; € BZ‘JE

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

MWhRatioy, ;,, designates the MWh ratio between upstream

dispatchable hydroelectric generation resources b; € BquE and

downstream dispatchable hydroelectric generation resources b, € BiE

f()_r(b],bz) € LNI(_

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

4.2.9

N
[\
o0
—_

N
[\
o0
[\

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

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

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

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

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

4291

4292

4293

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

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

2N
/h,b.z

@105DLy,j,; designates the maximum incremental quantity of

synchronized ten-minute operating reserve that may be scheduled in

hour 4 € {1, ..,24} in association with offer lamination j € /,17’(},5;
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4.2.9.10

4294  P10SDL,,; designates the price for the maximum incremental quantity
of synchronized ten-minute operating reserve in hour h € {1, ..,24} in

association with offer lamination j € /,1,,(},5;

4.29.5 Q10NDLy, ), ; designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled in

hour 4 € {1, ..,24} in association with offer lamination j € ]},}%N M

4.2.9.6 P10NDLy, ;,; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in hour h €

{1, ..,24} in association with offer lamination j € /}]S,N )

429.7  Q30RDL,; designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in hour /# € {1, ..,24}
in association with offer lamination j € /Z%R;

4.2.9.8 P30RDLy, ;,; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in hour 4 € {1, ..,24} in
association with offer lamination j € /,3,’%’?;

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

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

4.2.9.11 RmpRngMaxDL,, forw € {1,.,NumRRDLj,,} designates the w"
ramp rate break point in hour h € {1, ..,24};

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

h,bw*
where RmpRngMaxDLy, , oshall be equal to zero;

4.2.9.13 DRRDL;,,, for we€ {1,.,NumRRDL, ,} designates the ramp rate in
MW per minute at which the dispatchable load can decrease its
amount of energy consumption in hour h € {1,..,24} while operating
in the range between RmpRngMaxDLy, p, ,,,—,and
RmpRngMaxDLy, j, ,, where RmpRngMaxDL,, , o shall be equal to
zero; and
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4.2.9.14  QDLFIRMy, designates the quantity of energy that is bid at the
maximum market clearing price in hourh € {1, ..,24}.

4.2.10 With respect to an hourly demand response resource identified by bus b € BPR.

4.2.10.1 QHDR, y designates the maximum incremental quantity of reduction in

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

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

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 price responsive load identified by bus b€ BRL:

42111 QPRL,,, designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1,..,24} in association with bid
lamination j € ],‘5; b

4.2.11.2  PPRLy,, designates the price for the maximum incremental quantity
of energy in hour 4 € {1, ..,24} in association with bid lamination j €
Jipr-and

42.11.3  QPRLFIRM); designates the quantity of energy that is bid at MMCPin
hour /1 € {1, ..,24}.

4.2.12 With respect to a virtual transaction:

4.2.12.1 QVB,,, ;designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1, ..,24} from a virtual zonal resource
v € VB_in association with bid lamination j € /,b; v
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4.2.13

4.2.12.2

4.2.12.3

4.2.12.4

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

QVO0,, i designates the maximum incremental quantity of energy that
may be scheduled in hour 4 € {1, ..,24} from a virtual zonal resource
v E€ VO in association with offer lamination k€ K,b; »»and

PVO,, , i designates the price for the maximum incremental quantity of
energy in hour A € {1, ..,24} from a virtual zonal resource ve VO _in
association with offer lamination k € K,‘f -

With respect to a boundary entity resource import from intertie zone bus d € DI,

where the locational marginal price represents the price for the intertie metering

point:

42.13.1

42132

4.2.13.3

4.2.13.4

4.2.13.5

4.2.13.6

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

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

Q10NIG), ;1 designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to

provide in hour 4 € {1, ..,24} in association with offer lamination k€

ON.
hd 2

P1ONIG), 4 designates the price for the maximum incremental

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

{1, ..,24} in association with offer lamination k€ K}I%v N

Q30RIG), 4 designates the the maximum incremental quantity of
thirty-minute operating reserve that may be scheduled to provide in
hour /2 € {1, ..,24} in association with offer lamination k€ hf’f; and

P30RIG}, 4 _designates the price for the maximum incremental
quantity of thirty-minute operating reserve in hour 4 € {1, ..,24} in
association with offer lamination k€ lﬁ]?f;
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4.2.14 With respect to a boundary entity resource export to intertie zone bus d € DX,
where the locational marginal price represents the price for the intertie metering

point:

4.2.14.1  QXL; 4;designates the maximum incremental quantity of energy that
may be scheduled to export in hour /4 € {1,..,24} in association with
bid lamination j € /,b; a

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

4.2.143 Q10NXLy 4, designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to

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

10N.
h,d 2

4.2.14.4  PIONXL, ,; designates the price for the maximum incremental quantity of non-
synchronized ten-minute operating reserve in hour & € {1, ..,24} in association with offer
lamination j € Jﬁ?j\l :
4.2.14.5 Q30RXL, 4, designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled to provide in hour /4 €
{1, ..,24} in association with offer lamination j € £°%; and

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

4.2.15 With respect to a wheeling through transaction:

4.2.15.1 L, © DXx DIdesignates the set of linked boundary entity resource
import and export buses corresponding to wheeling through
transactions, where Ly, is a set with elements of the form (dx, di)_and
dx€ DXand di€ DI,

4.3 IESO Data Parameters

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¢ in hour
he{l,.,24}.
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43.2

Variable Generation Tie-Breaking

4.3.2.1

4322

NumVG designates the number of variable generation resources in the
daily dispatch order; and

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

TOT105), designates the synchronized ten-minute operating reserve

TOT10 R, designates the total ten-minute operating reserve

TOT30 R, _designates the thirty-minute operating reserve requirement;

ORREG designates the set of regions for which regional operating

REGMin10 R, . designates the minimum requirement for total ten-
minute operating reserve in region r € ORREG in hour 4 € {1,..,24};

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

REGMax10R), . designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r € ORREG in hour

REGMax30R,, . designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r € ORREG in hour

433 Operating Reserve Requirements
4.3.8.1
requirement;
4.3.8.2
requirement;
4.3.8.3
4.3.8.4
reserve limits have been defined;
4.3.8.5
4.3.8.86
4.3.8.7
he{l,..,24};and
4.3.8.8
he{l,..,24}.
4.3.4 Intertie Limits

4.34.1

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

4343 ExtDSC), designates the net interchange scheduling limit for when the
net flows over all interties from hour (4 — 1)_to hour h decrease; and

4344 ExtUSC), designates the net interchange scheduling limit for when the
net flows over all interties from hour (4 — 1)_to hour h increase.

4.3.5 Resource Minimum and Maximum Constraints

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

4.3.5.1.1 MinDL, ; designates the most restrictive minimum

consumption limit for the dispatchable load in hour h at bus
be B

4.3.5.1.2 MaxDL, ;, designates the most restrictive maximum

consumption limit for the dispatchable load in hour h at bus
be B’L;

4.3.5.1.3 MinNDGj,, designates the most restrictive minimum output

limit for the non-dispatchable generation resource in hour h at
bus b € BVPC:

4.3.5.1.4  MaxNDG}, ;, designates the most restrictive maximum output

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

4.3.5.1.5 MinDG,, ) designates the most restrictive minimum output limit

for the dispatchable generation resource in hour h at bus b €
BDG_;

4.3.5.1.6 MaxDG} ), designates the most restrictive maximum output

limit for the dispatchable generation resource in hour h at bus
be B¢
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4.3.6

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

the minimum loading point region of a pseudo-unit at bus b €
BPSU;

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

4.3.5.1.9 MaxDF;,;, designates the maximum output limit in hour h for
BPSY.

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

Constraint Violation Penalties

4361

4362

4.3.6.3

4.3.64

4.3.6.5

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

(PLdViolPrcy,,, QLdViolPrc)) for i € {1, .., N4y, } designate the
price-quantity segments of the penalty curve for under generation used
by the As-Offered Pricing algorithm in section 9, Reference Level
Pricing algorithm in section 13, Mitigated Pricing algorithm in section
16, and DAM Pricing algorithm in section 21;

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

(PGenViolPrcy,;,QGenViolPrcy;) for i € {1,.., Ngenyio), 3 designate
the price-quantity segments of the penalty curve for over generation
used by the As-Offered Pricing algorithm in section 9, Reference
Level Pricing algorithm in section 13, Mitigated Pricing algorithm in
section 16, and DAM Pricing algorithm in section 21;

(P10SViolSchy,;, @Q10SViolSchy, ) for i € {1, .., Nygsyior,} designate the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
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4.3.6.6

4.3.6.7

4.3.6.8

4.3.6.9

4.3.6.10

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

(P10SViolPrcy,,;, @Q108ViolPrc,)) for i € {1, .., Nyosyioy,} designate the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section
13, Mitigated Pricing algorithm in section 16, and DAM Pricing
aleorithm in section 21;

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

(P10RViolPrcy,;, Q10 RViolPrcy ) for i € {1, .., Niggyior,} designate
the price-quantity segments of the penalty curve for the total fen-
minute operating reserve requirement used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section
13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(P30RViolSchy, ;@30 RViolSchy, ) for i € {1, .., N3 gpjo, ) designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in
section 12, Mitigated Scheduling algorithm in section 15, Reliability
Scheduling algorithm in section 18, and DAM Scheduling algorithm in
section 20;

(P30RViolPrcy,;, Q30 RViolPrcy,) for i € {1, ..,Nsogyior,} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the As-Offered Pricing
algorithm in section 9, Reference Level Pricing algorithm in section
13, Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;
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4.3.6.11

43612

4.3.6.13

4.3.6.14

4.3.6.15

4.3.6.16

(PREG].OR[/IOJSC]TILI,QREG].OR[/IOJSC]]&I&I S {1, .. lNREGlORWO/[,}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by the
As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PREG10RViolPrcy,,;, QREG10RViolPrcy,)) for i € {1, .., Ngggiorvion,}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by the
As-Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

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

(PREG30RViolPrc;,;,QREG30RViolPrcy ) for 1 € {1, .., Nregzorvio,}
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
As-Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16, and
DAM Pricing algorithm in section 21;

(PXREG10RViolSchy, ;, QXREG10 RViolSchy, ;) for

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

(PXREG10RViolPrcy, ;, QXREG10RViolPrcy, ;) for 1 €
{1, .., Nxreciorvior,} designate the price-quantity segments of the

penalty curve for area total ten-minute operating reserve maximum
restrictions used by the As-Offered Pricing algorithm in section 9,
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4.3.6.17

4.3.6.18

4.3.6.19

4.3.6.20

4.3.6.21

Reference Level Pricing algorithm in section 13, Mitigated Pricing
aleorithm in section 16, and DAM Pricing algorithm in section 21;

(PXREG30RViolSchy, ;, QXREG30 RViolSchy,) for i€ {1, ..,
Nxreczorvior,}-designate the price-quantity segments of the penalty
curve for area total thirty-minute operating reserve maximum
restrictions used by the As-Offered Scheduling algorithm in section 8,
Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling algorithm
in section 18, and DAM Scheduling algorithm in section 20;

(PXREG30RViolPrcy, ;, QXREG30 RViolPrcy, ) for

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

(PPrelTLViolSchyy,;, QPrelTLViolSchgy,;) for i € {1, .., Nprerryvior,}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the As-Offered Scheduling algorithm in section

8, Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling algorithm
in section 18, and DAM Scheduling algorithm in section 20:

(PPrelTLViolPrcgy,;, QPrelTLViolPrcgy,;) for i € {1, .., Nprerriviol,,}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the As-Offered Pricing algorithm in section 9,

Reference Level Pricing algorithm in section 13. Mitigated Pricing
aleorithm in section 16, and DAM Pricing algorithm in section 21;

(P[TL WO]SC]]CJ:[“', Q[TL WOISC]]C,If/I,i)&I. € {1, .. IN[TL [/I'OIL;Ifh}
designate the price-quantity segments of the penalty curve for
exceeding the contingency ¢ € C post-contingency limit of the
transmission constraint for facility f€ Fused by As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;
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43.6.22 (PITLViolPrc gy, QITLViolPrc, gy ;) for 1 € {1,. .,N,TLV,-% f/h}
designate the price-quantity segments of the penalty curve for
exceeding the contingency ¢ € C post-contingency limit of the
transmission constraint for facility f€ Fused by the As-Offered
Pricing algorithm in section 9, Reference Level Pricing algorithm in
section 13, Mitigated Pricing algorithm in section 16, and DAM
Pricing algorithm in section 21;

43.6.23  (PPreXTLViolSchy,;, QPreXTLViolSchy ;) for 1 € {1, .., Nprexrivion,,}

designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z€ Zg., used by the As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;

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

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

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

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

4.3.6.27 (PNIDViolSchy,;,@QNIDViolSchy,;) for i € {1,.., Nypyjor,} designate
the price-quantity segments of the penalty curve for exceeding the
hour h net interchange decrease constraint between hours (h — 1) _and
h used by the As-Offered Scheduling algorithm in section 8, Reference
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4.3.6.28

4.3.6.29

4.3.6.30

43.631

43.632

4.3.6.33

Level Scheduling algorithm in section 12, Mitigated Scheduling
aleorithm in section 15. Reliability Scheduling algorithm in section 18,
and DAM Scheduling algorithm in section 20;

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

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

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

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

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

(PSMaxDelViolSchy, ,QSMaxDelViolSchy, ;) for 1 €
{1, .., Nspaxpervior,} designate the price-quantity segments of the

Appendix 7.6A-42

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



penalty curve for exceeding a shared maximum daily energy limit used
by the As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

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

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

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

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

4.3.6.38 (PUGenLnkViolSchy;, QUGenLnkViolSchy;) for i €
{1, .., Nugenrnivior,} designate the price-quantity segments of the

penalty curve for under generation on a downstream resource used by
the As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
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43.7

4.3.6.39

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

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

Price Bounds

4.3.8

4.3.7.1

4.3.7.3

4.3.74

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

EngyPrcFirdesignates and is equal to the settlement floor price;

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

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

Ex-ante Market Power Mitigation

4381

4382

4.3.8.3

4.3.84

4.3.8.5

4.3.8.6

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

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

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

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

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

ten-minute operating reserve lamination k'€ K’ for the resource at

bus b€ B’ in hour h € {1,..,24};

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

K, ,‘,{?,N for

synchronized ten-minute operating reserve lamination k'€
the resource at bus b € B”“ in hour h € {1,..,24};
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4.3.8.7 P30RDGRefy, ;, ;» designates the reference level value for thirty-minute

operating reserve lamination k'€ K ,’;’igR for the resource at bus b € B¢

in hour h € {1,..,24};

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

ten-minute operating reserve lamination ;'€ /,}25 for the resource at
bus b€ B”L inhour h € {1,..,24};

4.3.89  P10NDLRefy, - designates the reference level value for non-
synchronized ten-minute operating reserve lamination j'€ /,}2” for the
resource at bus b € B in hour h € {1,..,24};

4.3.8.10 P30RDLReft; ;- designates the reference level value for thirty-minute

operating reserve lamination j'€ /9% for the resource at bus b € B¢
inhour h € {1,..,24}

4.3.8.11 SUDGRef;, ) designates the reference level value for the start-up offer
for the resource at bus b € B¥?S in hour h € {1,..,24};

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

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

to the minimum loading point reference level lamination k'€
of the offer for the resource at bus b € BPC in hour h € {1,..,24};

4.3.8.14 CTEnThresh1"¢4 designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%:

4.3.8.15  CTEnThresh2™“4 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:

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

43.8.17 CTSNLThresh" designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
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4.3.8.18

4.3.8.19

4.3.8.20

4.3.8.21

4.3.8.22

4.3.8.23

4.3.8.24

43825

4.3.8.26

4.3.8.27

level value of the speed no-load offer for the resource and is equal to
25%:

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

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

$25/MWh;

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

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

CTEnThresh1“MP desionates 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™? designates the global market power conduct
threshold for a resource as a $/MWh increase above the reference
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level value of the energy offer for the resource and is equal to $100
MW/h:

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

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

4.3.8.30 CTORThresh19RL designates the local market power conduct
threshold for a resource as a percent increase above the reference level
value of the operating reserve offer for the resource and is equal to

10%:;

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

$25/MW;

4.3.8.32  CTEnThresh1 9k designates the local market power conduct threshold
for energy to minimum loading point for a resource as a percent
increase above the reference level value of the offer for energy up to
the minimum loading point for the resource and is equal to 10%;

4.3.8.33 CTEnThresh29RL 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:

43.8.34  CTSUThresh°Rt designates the local market power conduct threshold
for a resource as a percent increase above the reference level value of
the start-up offer for the resource and is equal to 10%:

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

4.3.8.36  CTORThresh19R¢ designates the global market power conduct
threshold for a resource as a percent increase above the reference level
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4.3.8.37

4.3.8.38

4.3.8.39

4.3.8.40

4.3.841

4.3.8.42

4.3.8.43

4.3.8.44

4.3.8.45

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:

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

CTEnThresh2%R¢ designates the global market power conduct
threshold for energy to minimum loading point for a resource as a
$/MW increase above the reference level value of the offer for energy

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

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

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

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

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

ITThresh1V¢ designates the price impact threshold for a resource in
a narrow constrained area as a percent increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to 50%:;

ITThresh2V“4 designates the price impact threshold for a resource in
a narrow constrained area as a $/MWh increase in the energy
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4.3.8.46

4.3.8.47

4.3.8.48

4.3.8.49

4.3.8.50

4.3.8.51

43852

4.3.8.53

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%:;

[TThresh2”% designates the price impact threshold for a resource in
a dynamic constrained area as a $/MWh increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to
$25/MWh;

ITThresh1%¢4_designates the price impact threshold for a resource in
a broad constrained area as a percent increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 100%:;

ITThresh2?¢4 designates the price impact threshold for a resource in
a broad constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to$50/MWh;

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

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

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

ITThresh2 k¢ designates the global market power price impact
threshold for a resource as a $/MW increase in the operating reserve
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4.3.9

locational marginal price output from section 9 above the operating

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

Weighting Factors for Zonal Prices

4.4

4391

4392

4.3.9.3

WEYIRT designates the weighting factor for bus b € LY/R used to

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

WF,' D} designates the weighting factor for bus b € LYP" used to

calculate the price for non-dispatchable load zone y € Y for hour
he{l,..,24}; and

The weighting factors in section 4.3.9.1 and section 4.3.9.2 shall be

obtained by renormalizing the load distribution factors so that for a
given hour the sum of weighting factors for a non-dispatchable load
zone or for a virtual transaction zone is one.

Other Data Parameters

43.1

Non-Dispatchable Demand Forecast

43.2

4.3.1.1 AFL, designates the average province-wide non-dispatchable demand
forecast for hour 4 € {1, .., 24} calculated by the security assessment
function; and

4.3.1.2  PFL, designates the peak province-wide non-dispatchable demand

forecast for hour #€ {1, .., 24} calculated by the security assessment
function.

Variable Generation

433

43.2.1

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

Internal Transmission Constraints

4331

PreConSFy, ¢, designates the pre-contingency sensitivity factor for
bus b € BU D indicating the fraction of energy injected at bus b which
flows on facility f during hour h under pre-contingency conditions;
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4.3.4

4.3.3.2

43.33

4334

43.3.5

4.3.3.6

VPreConSFy, ¢, designates the pre-contingency sensitivity factor for
virtual transaction zone m € M indicating the effect of scheduled
energy at m to flows on facility f € F;_in hour h under pre-
contingency conditions. It shall be determined as the weighted average
of the pre-contingency sensitivity factors for non-dispatchable loads,
dispatchable loads, hourly demand response resources, and price
responsive loads within the virtual transaction zone using the

weighting factors WF,ZZ?, ! for virtual transactions;

AdjNormMaxFlow), designates the limit corresponding to the
maximum flow allowed on facility f in hour h under pre-contingency
conditions;

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

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

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

zone using the weighting factors WFK% I for virtual transactions; and

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

Transmission Losses

434.1

4.3.4.2

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

MglLossy, ;, designates the marginal loss factor and represent the
marginal impact on transmission losses resulting from transmitting
energy from the reference bus to serve an increment of additional load
at resource bus b € BU D_in hour A€ {1, .., 24}; and
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4343 VMglLossy, ,, designates the marginal loss factor for virtual transaction
zonem € M_in hour 4 € {1, .., 24}, It shall be determined as the
weighted average of the marginal loss factors for non-dispatchable
loads, dispatchable loads, hourly demand response resources, and
price responsive loads within the virtual transaction zone using the
weighting factors WF,Z% ! for virtual transactions.

5 Initialization

5.1 Purpose

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

5.2 Reference Bus

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

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

5.3 Islanding Conditions

5.3.1 In the event of a network split, the day-ahead market calculation engine shall:

5.3.1.1 only evaluate resources that are within the main island.;

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

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

5.4 Variable Generation Tie-Breaking

5.4.1 For each hour 4 € {1, .., 24}, each variable generation resource bus b € B"? and
each offer lamination k € Kf pa the offer price PDGy, j, . shall be modified to

PDGyp i — (NZTIfG) p. where p is a small nominal value of order 1074,
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5.5 Pseudo-Unit Constraints

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

5.6 Initial Scheduling Assumptions

5.6.1 Initial Schedules

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

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

5.6.1.1.2  SHDR, ;;, which designates the amount of energy an hourly

demand response resource is scheduled to reduce consumption
at bus b € BPR;

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

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

5.6.1.1.5 SCT; p. which designates the schedule of the combustion
turbine associated with the pseudo-unit at bus b € BPSY;

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

2

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

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

The following parameters designate the initial commitment status and number of

5.6.3

hours in operation used for hour 0 in the optimization of the next dispatch day:

5.6.2.1 ODGy p, which designates whether the dispatchable generation
resource at bus b € BV? has been scheduled at or above its minimum
loading point;

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

Initial Net Interchange Schedule

5.6.3.1 The initial net interchange schedule value shall be the difference
between all imports to Ontario and all exports from Ontario in the last
hour of the previous day. By default, this value will be based on the
most recent schedules from the pre-dispatch calculation engine.

Security Assessment Function

6.1

Interaction between the Security Assessment Function

6.1.1

and Optimization Functions

The scheduling and pricing algorithms of the day-ahead market calculation

engine shall perform multiple iterations of the optimization functions and the
security assessment function to check for violations of monitored thermal limits
and operating security limits using the schedules produced by the optimization
functions.

As multiple iterations are performed, the transmission constraints produced by the

security assessment function shall be used by the optimization functions.

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

assessment function.

The security assessment function shall use the physical resource representation of

combined cycle facilities that are registered as pseudo-units.
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6.2 Inputs into the Security Assessment Function

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

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

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

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

6.3 Security Assessment Function Processing

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

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

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

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

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

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-55



6.3.3

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

In Passes 1 and 3 of the day-ahead market calculation engine, the security

6.3.4

assessment function shall distribute the net schedules for virtual transactions in
each virtual transaction zone to non-dispatchable loads, dispatchable loads,
hourly demand response resources, and price responsive loads within the virtual

transaction zone using the weighting factors (WFy'%%) for virtual transactions. In

the security assessment function, the total MW quantity allocated to:

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

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

The security assessment function shall perform the following calculations and

analyses:

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

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

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

6.3.4.4 Violated pre-contingency limits shall be linearized using pre-
contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.
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6.3.4.5 If the linear DC power flow analysis is used, the pre-contingency
security assessment may develop linear constraints to facilitate the
convergence of the AC or non-linear DC power flow analysis in the
subsequent iterations.

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

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

6.3.4.8 The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each hour.
The impact of losses on branches between the resource bus and the
resource connection point to the IESO-controlled grid and losses on
branches outside Ontario shall be excluded when determining marginal
loss factors.

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

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

algorithm.

6.4 Outputs from the Security Assessment Function

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

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

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

6.4.1.4 loss adjustment quantity for each hour.

7 Pass 1: Market Commitment and
Market Power Mitigation Pass

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

e the As-Offered Scheduling algorithm described in section 8:

e the As-Offered Pricing algorithm described in section 9:

e the Constrained Area Conditions Test described in section 10:

e the Conduct Test described in section 11;

e the Reference Level Scheduling algorithm described in section 12

e the Reference Level Pricing algorithm described in section 13;

e the Price Impact Test described in section 14;

e the Mitigated Scheduling algorithm described in section 15; and

e the Mitigated Pricing algorithm described in section 16.

8 As-Offered Scheduling

8.1 Purpose

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

Appendix 7.6A-58 MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



8.2

Information, Sets, Indices and Parameters

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

8.3 Variables and Objective Function

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

83.1.1  SPRL,, ; which designates the amount of energy that a price

BPRL

responsive load is scheduled to consume at bus b € in hour

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

83.1.2  SDLy,,; . which designates the amount of energy that a dispatchable

load is scheduled to consume at bus b € B~ in hour A€ {1,.., 24} in
association with lamination j € /j ;.

8.3.1.3 S$105DLy, ;. ;. which designates the amount of synchronized ten-minute

operating reserve that a dispatchable load is scheduled to provide at

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

10S.
/[1,[7 2

8.3.1.4  S10NDLy,, . which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable load is scheduled to

provide at bus € B”” in hour A€ {1,.., 24} in association with

lamination j € ]},,(},N :

83.1.5  S30RDL,,; . which designates the amount of thirty-minute operating

reserve that a dispatchable load is scheduled to provide at bus b € B~
in hour /€ {1, .., 24} in association with lamination j€ /35"

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

for an hourly demand response resource at bus b € BPR in hour
he{l,..,24} in association with lamination j € /f, b

83.1.7  SVB),,, which designates the amount of energy a virtual zonal

resource v € VB _is scheduled to consume in hour 2 € {1, .., 24} in
association with lamination j € ],b; v
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8.3.1.8

8.3.1.9

8.3.1.13

8.3.1.14

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

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

minute operating reserve scheduled that a boundary entity resource is
scheduled to provide at bus d€ DXin hour #€ {1, .., 24} in

association with lamination j € /},’%N :

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

lamination j € ]f,f)dR;

SNDG}, j, 1. which designates the amount of energy that a non-
dispatchable generation resource is scheduled to provide at bus b €
BP% in hour € {1, .., 24} in association with lamination kK € K7 .

SDG} 1. which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG), at bus
b€ B in hour hE€ {1, .., 24} in association with lamination & € Kf b

ODG), 5, which designates whether the dispatchable generation
resource at bus b € BPC has been scheduled at or above its minimum
loading point in hour h€ {1,. ., 24};

83.1.15

8.3.1.16

IDG}, j,, which designates whether the dispatchable generation
resource at bus b € B”C has been scheduled to reach its minimum
loading point in hour h€ {1, .., 24};

S105DGy, j, i . which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € B”C in hour A € {1,.., 24} in association with

lamination £ € K}LObS :

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

association with lamination k€ hf)bN :
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8.3.1.17  S30RDG} 1. which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BP%in hour h € {1,.., 24} in association with
lamination £ € KzobR;

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

8.3.1.19  SS7}, ,, which designates the schedule of steam turbine p € PS7 in hour
hefl,..,24};

8.3.1.20 _ O10R,,;, which designates whether the pseudo-unit at bus b € BV10PF
has been scheduled for ten-minute operating reserve in hour

hefl,.., 24}

8.3.1.21  OHO),;, which designates whether the dispatchable hydroelectric

generation resource at bus b € B has been scheduled at or above
MinHO),pin hour A€ {1,..,24};

8.3.1.22 OFRy,; for i € {1,..,NFor,}, which designates whether the

dispatchable hydroelectric generation resource at bus b € BE has
been scheduled at or below ForLy;, or, at or above ForlU,;in hour
hefl,.., 24y,

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

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

8.3.1.2581G}, 44, which designates the amount of energy that a boundary entity
resource is scheduled to import from intertie zone bus d € DI/ in hour
he{l,..,24} in association with lamination K € Kf i

8.3.1.26  S10NIG, 4 . which designates the amount of non-synchronized fen-
minute operating reserve that a boundary entity resource is scheduled
to provide from infertie zone bus d € Dlin hour A€ {1, .., 24} in

association with lamination k € Kj%";
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8.3.2

8.3.1.28

S30RIG}, 4. which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from
intertie zone bus d € D/[in hour A€ {1, .., 24} in association with
lamination K€ K?ff;

TB,,, which designates any adjustment to the objective function to

facilitate pro-rata tie-breaking in hour 4 € {1, .., 24}, as described in
section 8.3.2.1: and

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

The objective function for the As-Offered Scheduling algorithm shall maximize

gains from trade by maximizing the following expression:

ObjPRL;, + ObjDL,, — ObjHDR,, + ObjVB,, + ObjXL, — ObjNDG,
( — 0bjDG,, — 0bjV0O;, — ObjIG, —TB,, — ViolCost,, )

h=1.24
Where
ObjPRL), = Z Z SPRLMJ -PPRLMJ
beBPRL \ jefE
Z SDLyp,j PDLyp,; — Z S105DLyp,; - P1OSDLyp; —
e : 105
ObjDL;, = 1€l 1&g
begPL Z S10NDLyp, ;- PIONDLy 5 — Z S30RDLyp,; - P3ORDLp 5
j€liy JERY

ObjHDR), = Z Z SHDRy,; - PHDRy,

beBHDR | jojE

ObjVB), = Z Z SVBhp,j - PVBy

vEVE N\ § Ejfv
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Z SXLthJ' " PXLh,d,j - Z SlONXLh'd'j ) P].ONXLh,d,j

icJE icJ 10N
ObjXL), = THna T
debx - Z S30RXLh,d,j " PSORXLthJ
JEJROR
Ob]NDGh_ == Z Z SNDGh,b,k " PNDGth'k
beBNDG \kekF,
0bjDG),
Z SDGth’k " PDGh,b,k + Z SlOSDGthJk " P].OSDGh'b,k +
B KEKE , KEKLSS
b€BDG Z SIONDGh,b'k " PIDNDGh,b,k + Z SSORDGh,bjk ' PSORDGh,ka
kek O KeK; o}
+ Z (0DG, - MGODGy,, + IDG,, - SUDGy,), )
peBNQsS

OijOh = Z Z SVOh,v,k " PVOh,V,k

veEVO \ EK.EV

Z S[Gh,d,k " P[Gh,d,k + Z 510N[Gh,d,k " P].ONIGth,k

obile z ke kekioN
Jibp =
debDlI + Z SSOR[GJl,d,k " PSORIGh,d,k

kekiOR

8.3.2.1 The tie-breaking term (T Bj,) shall sum a term for each bid or offer
lamination. For each lamination, this term shall be the product of a
small penalty cost and the quantity of the lamination scheduled. The
penalty cost shall be calculated by multiplying a base penalty cost of
TBPen by the amount of the lamination scheduled and then dividing
by the maximum amount thzat could have been scheduled. That is:
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rg. _ TBPRLy +TBDLy + TBHDRy, + TBVB,, + TBXL, + TBNDG),
R = + TBDG,, + TBVO,, + TBIG,

Where:

TBPRL, =

Z (SPRLy,,;)" - TBPen
QPRLy,; ’

beBPRL \ jejE,

Z (SDLyy,)” - TBPen Z (S10SDLy, ;)" - TBPen
+ +
QDLh,b.j jEf‘wS Q]-OSDLh,b.j

jEjjib

e ((SlONDLh,b_ ) TBPen) ((SBORDLh_b_ P TBPen)
+
E]ZI.ON 30R

TBDL, =

Q10NDLy,, ; Q30RDLy,;

Jj JEJnp

(SHDR,, ;)" - TBPen
QHDRh,b,j '

TBHDR,, =

DEBHDR \ je;E,

z (SVBy,;)” - TBPen

TBVB, = z s ;
hv,j

vEVB fEJ’Ev
z ((SXLh‘dij)z-TBPen) N z ((SlONXLh‘d‘j)z-TBPen)
XLpa; 10NXL, 4,
) QXLp,q j e Q hd,j

deDX N ((S30RXLh,dJ)2 : TBPen) ’
30RXL) 4 ;
;&b Q h.d,j

TBXL, =

TBNDG,, =

(SNDG )" - TBPen) _

ONDG
DG = ( h,b,k
bEB KEK} ),

TBDG,

QDG i Q108Dy p e

z ((SDGh‘b,k)z-TBPen) . z ((s1osnah_,,,k)2‘rspen) N
KEKE), kekp9s

vhe Z ((SlONDGh_b_R)E-TBPen)+ z ((SSORDGM,.R)Z-TBPen)

10NDG 30RDG
e Q nb.k e Q hbk

Z (SVOu,y)” - TBPen

TBVO, = Z ;
n QVOp .k

VEVO \ kekf,

Appendix 7.6A-64

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



and

TBIG, =

Z (S1Gyay)’ - TBPen N Z (S10NIGy4)° - TBPen
QG q . Q1O0NIGy g4
kEKh,d

k €K 4

Q30RIGy 4

deDI + ((530}?[6;1,5;,;,,.)2 - TBPen)
k eKZSF

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

8.3.2.2.1

83.2.2.3

8.3.2.2.4

83.2.2.5

8.3.2.2.6

8.3.2.2.7

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

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

S10S8Viol, , which designates the violation variable associated
with segment / € {1,..,Ngsyjos,}.of the penalty curve for the
synchronized fen-minute operating reserve requirement;

S10RVioly;, which designates the violation variable associated
with segment 7 € {1, ..,Njgyjos,}.0f the penalty curve for the
total ten-minute operating reserve requirement;

S30RVioly;, which designates the violation variable associated
with segment 7 € {1,.., N3gpjoy,}_0f the penalty curve for the
thirty-minute operating reserve requirement and, when
applicable, the flexibility operating reserve requirement;

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

SREG30RViol,; ; , which designates the violation variable
associated with segment 7 € {1,.., Ngggzorvio,}-of the penalty
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832.2.8

8.3.2.2.9

8.3.2.2.10

8.3.2.2.12

8.3.2.2.14

8.3.2.2.15

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

SXREG10RViol,;, ; , which designates the violation variable
associated with segment 7 € {1, .., Nxggei0zvior,}_of the
penalty curve for violating the area total ten-minute operating
reserve maximum restriction in region r € ORREG,

SXREG30RViol,p; , which designates the violation variable
associated with segment 7 € {1, .., Nygee3o0rvio,)-0f the
penalty curve for violating the area thirty-minute operating
reserve maximum restriction in region r € ORREG,

SPrelTLVioley,; , which designates the violation variable
associated with segment 7 € {1, .., Npqerryviol, }-0f the penalty
curve for violating the pre-contingency transmission limit for

facility f€ F.
8.3.2.2.11

SITLViol, g, ;  which designates the violation variable
associated with segment 7 € {1,.., Nizzpior, ,,}.0f the penalty

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

SPreXTLViol,, ;. which designates the violation variable
associated with segment / € {1,.., Nprexrrviol, ,}-0f the

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

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

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

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

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

SMaxDelVioly, , , which designates the violation variable
associated with segment 7 € {1,.., Nyaypervior,}-of the penalty
curve for exceeding the maximum daily energy limit constraint
for a resource at bus b € BFLR;
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8.3.2.2.16 SMinDelVioly; , which designates the violation variable
associated with segment 7 € {1, .., Nyjnpemmior,}_of the penalty
curve for violating the minimum daily energy limit constraint
for a resource at bus b € B%;

8.3.2.2.17 SSMaxDelVioly; , which designates the violation variable
associated with segment / € {1, .., Noyaxpesvioy, }-0f the
penalty curve for exceeding the shared maximum daily energy
limit constraint for dispatchable hydroelectric generation
resources in set s € SHE.

8.3.2.2.18 SSMinDelViol, ;. which designates the violation variable
associated with segment / € {1, .., Nsyinpelvioy, }_of the penalty
curve for violating the shared minimum daily energy limit
constraint for dispathable hydroelectric generation resources
in set s € SHE,

8.3.2.2.19 SOGenLnkViolyp, p,,.. which designates the violation
variable associated with segment 7 € {1, .., Nogenrnkviol,}.Of
the penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by over-
generating the downstream resource, for (b,,b,) € LNKsuch
that by € Bfjj and b, € Bj;: and

8.3.2.2.20 SUGenLnkViolyp, p, . Which designates the violation variable
associated with segment 7 € {1, .., Nygensnkvior,}-of the
penalty curve for violating the linked dispatchable
hydroelectric generation resources constraint by under-
generating the downstream resource, for (b,,b,) € LNK such
that by € B/jj and b, € Bjj.
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8.3.2.3 ViolCosty, shall be calculated as follows:

ViolCost, = Z SLdVioly ; - PLdViolSchy
1=1.Npaviol,
- Z SGenVioly ; - PGenViolSchy, ;
i=1.NGenviol,

+ Z S10SVioly, ; - P10SViolSchy,;

i=1.Niosviol,

+ Z S10RVioly, ; - PLORViolSchy, ;

i=1.N1iorvioty,

+ Z S30RVioly, ; - P3ORViolSchy, ;

i=1.N3oRvViol;

+ Z Z SREG10RViol, p,;

TEORREG i:1--NREGIORViOih

- PREG10RViolSchy, ;
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+ Z Z SREG30RViol,.,

TEORREG f:1--NREG30RViolh

- PREG30RViolSchy,;

Z Z SXREG10RViol, p,;

TEORREG i:1..NXRE(;1|JRVio£h

+

. PXREGlORViOlSCth
+ Z Z SXREG:SORViOlr,h'!»
TEORREG i:1"NXREG3DRVI'Oih
. PXREG30RViolScth
+ Z Z SPT'EITLVl'Olf,h'i
fEFR \I =1.NprerTLviols ,
 PPrelTLViolSchy p;

+ Z Z Z SITLVI:OEC,f,hI!'

cEC fEFp ¢ i:l..N[TLVigiclf‘h
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- PITLViolSch, f p;

n Z Z SPreXTLViol, p;

2€Zsch \I=1.NprexXTLViol,

- PPreXTLViolSchyp ;

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

i=1.Nnipviely

+ Z Z SMaxDelVioly j, ;

beRELR \ i :1..NMaxDe£Vt'Olh

- PMaxDelViolSchy, ;
+ Z Z SMinDelViol, ,,; - PMinDelViolSchy, ;
beBpHE \i =L.NpMinpelvioly
+ Z z SSMaxDelVioly s ; - PSMaxDelViolSchy, ;
S€SHE \i =1.NspaxDeivioly,
N Z Z SSMinDelViol, s ; - PSMinDelViolSchy,;
SESHE \i =1.NsminDelvioly,
+ Z SOGenLnkVioly (o, v,
(by.b2)ELNK \i=1.NoGenLnkVioly,
- POGenLnkViolSchy ;
+ Z SUGenLnkVioly, . »,):

(b1.b2)ELNK \i=1.NyGenLnkVioly

* PUGenLnkViolSchy ;
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8.4 Constraints

8.4.1 The constraints described in sections 8.5, 8.6 and 8.7 apply to the optimization
function in the As-Offered Scheduling algorithm.

8.5 Dispatch Data Constraints Applying to Individual Hours

8.5.1 Scheduling Variable Bounds

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

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

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

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

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

8.5.1.5 If the dispatchable generation resource at bus b € B¢ is considered
committed according to the requirements in sections 8.5.1.2. 8.5.1.3,
and 8.5.1.4 in hour ~ € {1, .., 24}, then:

ODGh,b =1.
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8.5.1.6 No schedule shall be negative, nor shall any schedule exceed the

quantity offered for the respective energy and operating reserve

market. Therefore:

0 < SPRLy;,; < QPRLy,;
0< SDLh_,b.j < QDLh,b,j
0 <S10SDLyy; < Q10SDLyy,

0 <S10NDLy,; < Q1ONDLy,, ;

0 < S30RDLy;,; < Q30RDLy,;
0 <SHDRy;,; < QHDRy, ;

0 <SVBpy; < QVBpy;

0 <SXLpa; < QXLya,;

0 <S10NXLyq; < Q1ONXLy,4;
0 <S30RXLpa,; < Q30RXLyq,
0 <SNDGyp < QNDG i

0 <SVOp e < QVOypi

0 =S8IGpan = QGpar

0 < S10NIGpqr < QLONIGy 4

0 < S830RIGy g5 < Q30RIGy 4

forall hours h €{1, .., 24}.

forallb € BPRL,j € JE,.
forallb € BPL,j € JE,;
forall b € BPL, j € J195;

forallb € BPL, j € J1ON,

forall b € BPL, j € J3OF;
forallb € BHPR, j e JE .
forallv e VB, j E],E,D;
foralld € DX, j € JE 4;

for all d € DX, j € J1ON;

for all d € DX, j € Ji%F;
forallb € BVPG, k € Kf,;
forallve vo, k € K;ﬁu;
foralld € DI, k € Kf;
foralld € DI, k € Kp%"; and

foralld € DI, k € KO8
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8.5.2

8.5.1.7

Generation resources may be scheduled for energy and/or operating

Resource Minimums and Maximums for Energy

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

0 < SDGh,b,k < ODGh,b . QDGh,b,k for all b €
BDG, k € KJEb;

0 < S10SDGppy < ODGpyp - Q10SDGyp i for all b €
BPY, k € K195,

0 < SIONDG,!Lb'k < ODGh,b . QlONDGh‘b‘k forall b €
BP¢, ke K,}l%N; and

0 < S30RDG}1.b,k < ODGh,b - Q3ORDGh.b,k forall b €

DG 30R
BPS, k€ KR,

8.5.2.1

The non-dispatchable portion of price responsive loads shall always

8.5.2.2

be scheduled. For all hours 4 € {1,..,24} and all buses b € B"RL;

Z SPRLy,; = QPRLFIRMy, .

feh}flb

A constraint shall limit schedules for dispatchable loads within their

8.5.2.3

minimum and maximum consumption for an hour. For all hours
h€{l,..,24} and all buses b€ BP.;

MinDLth < Z SDLh,b,j < MaxDthb.
J€Ihp

The non-dispatchable portion of dispatchable loads shall always be

8.5.2.4

scheduled. For all hours 4 € {1, .., 24} and all buses b € B”*:

Z SDLy,;,; = QDLFIRMy, ;.
JEIR

A constraint shall limit schedules for non-dispatchable generation

resources within their minimum and maximum output for an hour. For
all hours 4 € {1, .., 24} and all buses b € B*"C:
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MinNDGy,, < Z SNDGypx < MaxNDGy .

E
k€K p

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

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

AdeaxDGhlb
_ (min(MaxDG,, AFG,,) if b € B¢
B MaxDGy,, otherwise

and

AdjMinDG,,,, = min(MinDGy,,, AdjMaxDG,, ).

For all hours A€ {1,.., 24} and all buses b€ B”“:
AdjMinDG,,, < MinQDG, - ODGy,, + Z SDGp

KEKF ),
< AdjMaxDGp .

8.5.2.6  If the commitment status, ODG, ,, of a dispatchable generation
resource is equal to 1 and if this status is inconsistent with the adjusted
minimum and maximum constraints, MinQDG, > AdjMaxDG, . then

ODG, , shall be changed to a value between 0 and 1.

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

the resource shall receive a schedule of zero.

8.5.3 Off-Market Transactions

8.5.3.1 For all hours # € {1, .., 24} and all infertie zone buses corresponding
to an inadvertent energy payback export transaction d € DXi':

Z SXLyq,; = z QXLypq,j-

jE]f’d jEI?f,d
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8.5.3.2 Forallhours 4 € {1, .., 24} and all intertie zone buses corresponding

to an inadvertent energy payback import transaction d € DII'":

Z SlGpqr = z QIGh q k-

kekE keKE

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

8534  Forall hours /# € {1, ..,24} and all intertie zone buses corresponding
to emergency energy import d € DIEM;

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

KEK: 4 KEK; 4

8.54 Operating Reserve Requirements

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

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

8.5.4.1.2 the total scheduled load less the non-dispatchable portion; and

8.5.4.1.3 the remaining portion of its capacity that is dispatchable after
considering minimum load consumption constraints.
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These restrictions shall be enforced by the following constraints
for all hours # € {1,.., 24} and all buses b € B?;

S S10SDLy,;+ Y S10NDL,,;+ > S30RDL;

J€hy i€y €Ty
<30-ORRDL,;
S10SDLy, ; + Z S10NDLy,,; + Z S30RDLy,,
JETRSS JeTRN JEIRSR
< Z SDLy,,; — QDLFIRM,, ;
J€IED
and
S10SDLy,; + Z S10NDLy,,; + Z S30RDLy
jeiss jenyy J€lip
< Z SDLy,, ; — MinDLy,
JE€Ihn

8.5.4.2 The amount of both synchronized and non-synchronized ten-minute

operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following

constraint for all hours # € {1, .., 24} and all buses b € BDL;

S S10SDLy,;+ > S10NDL,, <10-ORRDL,

. 108 . 10N
J€hp JEIb),

8.5.4.3 The total non-synchronized ten-minute operating reserve and thirty-
minute operating reserve scheduled for an hour shall not exceed total

scheduled exports. This restriction shall be enforced by the following
constraint for all hours / € {1, .., 24} and all intertie zone export

buses d € DX:
Z S10NXLy 4 ; + Z S30RXLy,q; < Z SXLpa
jeey JEIRSR J€lka

8.5.4.4 The total operating reserve scheduled from a committed dispatchable
generation resource shall not exceed that resource’s: (i) ramp
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capability over 30 minutes; (i1) remaining capacity; and (iii)
unscheduled capacity. These restrictions shall be enforced by the
following constraints for all hours # € {1, .., 24} and all buses b €

BDG.
S10SDGp p . + z S10NDGy . + Z S30RDGy p, k
KEKASS kekiN keKF9R
< 30-0ORRDGy;
S105DGpp . + Z S1IONDGp p + Z S30RDG p
keKLSS keRAHN keKZIR
< z QDG —SDGppk);
KEKF ,
and
S10SDGy, p, . + Z S10ONDGy, p,  + Z S30RDGy, p, k
keKAS keKEON KkeKF9R
SAdeaxDGth— Z SDGh,b,k — ManDGb
keK} ),

8.5.4.5 The amount of both synchronized and non-synchronized fen-minute
operating reserve that a dispatchable generation resource is scheduled
to provide shall not exceed the amount by which the resource can
increase its output over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following

constraint for all hours # € {1, .., 24} and all buses b € BDG;

S10SDGy p i + Z S10NDG, p,
KEKLSS KkeKON
< 10-0ORRDG,

8.5.4.6 The amount of synchronized fen-minute operating reserve that a
dispatchable generation resource may be scheduled to provide shall
be limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following
constraint for all hours 4 € {1, .., 24} and all buses b € B¢ with
RLP10S},, > 0:
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8.5.5

S10SDGy, p &

108
KEKEY:

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

keKE ,
1
RLP10S,
mins 10 - ORRDG,, Z Q105DGy p 1
keKjSS

8.5.4.7 The amount of thirty-minute operating reserve that a dispatchable

generation resource 1s scheduled to provide shall be limited by its
reserve loading point for thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all hours

h€ {l,..,24} and all buses b € B with RLP30R,, , > 0:

S30RDGy,

30R
keKy),

_ 1
<|MinQDG,-0DG,,+ > SDG,,, (7)
&, RLP30R,,

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

30R
keK,)

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

S10NIGp q + z S30RIG) 4
kextoN kekiOR
= Z (QIGhar — SIGpax)

E
KeKE ;

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

section 22. For all hours A€ {1, .., 24} and pseudo-unit buses b €
BP’.S‘Ui

SCTy,, = (1 — STShareMLP,) - MinQDG, - ODGy,,

+(1 —STSha?“eDRb) ) Z ‘SDGh,b,k ’

DR

and for all hours 4 € {1, .., 24} and steam turbines
pPE PST:

STShareMLP, - MinQDG,, - ODGy, , +

S5Thp = Z STShareDR,, - Z SDGppx | + Z SDGypx
beby! kekPE kekPr
h,b b

8.5.5.2 Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules. For
all hours 4 € {1,.., 24} and pseudo-unit buses b € BPSY;

MinQDG, - ODG, , < MaxMLP, ,,

SDGy . < MaxDRy,,,

kekPR

SDGyx < MaxDF,,,

KEKP]
and
Z SDGypx + Z 5105DGp p i + Z S10NDGy, j x
kEKE ), KEKLGS keKpoN
+ Z S30RDGy, ), x < MaxDR,;, + MaxDF, ,
KeKR
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8.5.5.3

For a pseudo-unit that cannot provide ten-minute operating reserve

from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled in its duct firing region whenever the pseudo-unit is
scheduled for ten-minute operating reserve. For all hours

h € {l,..,24} and pseudo-unit buses b € BNOlODF;
O10R,, € {0,1}
and
Z SDGppx + Z S510SDGy, p . + Z S10NDG, 1,
KEKE ) kEKLY kekp Oy
S MaxDRh,b + (1 - OloRh,b) " MaxDFh’b
8.5.54  Forallhours h € {1,.., 24}, pseudo-unit buses b € B*°'°PF and
laminations k € K,qu),,s :
S10SDGpy < O10R,,,* Q10SDG
8.5.5.5 For all hours /2 € {1, .., 24}, pseudo-unit buses b € B¥1°PF and
laminations k € K},f)b]v >
S10NDGy,, < O10R,, - Q1ONDG, ),
8.5.5.6 For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3. the combustion turbine
schedule for the pseudo-unit at bus b € BPSY in hour A€ {1, .., 24}
shall be equal to:
8.5.1.1.1 SCTy_ if the pseudo-unit is scheduled at or
above minimum loading point,
8.5.1.1.2 RampC(T,,, if the pseudo-unit is scheduled to
reach minimum loading point in hour (4 + w)
for we {1,.,RampHrsy}, or
8.5.1.1.3 0 otherwise.
8.5.5.7 For the purposes of the energy balance constraint in section 8.7.1 and

the transmission constraints in section 8.7.3. the steam turbine
schedule for p € PST shall be equal to S57}, , plus any contribution
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from pseudo-unit b € B;T ramping to minimum loading point as given
by RampST,,,, for a pseudo-unit scheduled to reach minimum loading
point in hour (h+ w) for we€ {1, ..,RampHrs,}.

8.5.6 Dispatchable Hydroelectric Generation Resources

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

ODG.h,b " ManDGb + Z SDGh‘ka 2 MinHMRth

kEKE ),

8.5.6.2 A dispatchable hydroelectric generation resource shall either be
scheduled to 0 or to at least its minimum hourly output. For all
hours /2 € {1, .., 24} and all dispatchable hydroelectric generation
resource buses b € BHE

OHO,,€{0,1};
0DGyp - MinQDG, + Z SDGpp = MinHOy, )y, - OHOy, 1;
keKE ),
and for all k£ € Kﬁb:
0 < SDGthJk < OHOh,b b QDGh,b,k

8.5.6.3 A dispatchable hydroelectric generation resource shall not be
scheduled within its forbidden regions. For all hours 4 € {1, .., 24}, all
dispatchable hydroelectric generation resource buses b € BE and all
i € {1,.., NForp}:

OFRII,[J,I' (S {0,1},

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-81




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

MinQDG, + Z QDGrpk |
kEKE

and

ODGh,b ' MinQDGb + Z SDGh,b,k = (1 - OFRthJ[') ' FOT'Ub‘E
keKE ),

8.5.7 Wheeling Through Transactions

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

D SXLpay;= > SIGhgx
J€hax kEK} g

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

8.6.1 Energy Ramping

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

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

8.6.1.3 The day-ahead market calculation engine shall respect the ramping
restrictions determined by the up to five offered MW quantity, ramp up
rate and ramp down rate value sets.
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8.6.1.4 In all ramping constraints, the schedules for hour 0 are obtained from
the initial scheduling assumptions in section 5.6. For all hours
he{l,.., 24} the ramping rates in all ramping constraints must be
adjusted to allow the applicable resource to:

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

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

8.6.1.5 Energy schedules for dispatchable loads cannot vary by more than an
hour’s ramping capability for the applicable resource. This constraint
shall be enforced by the following for all hours 4 € {1, .., 24} and
buses b € BPL:

> SDLy_y;,;—60-DRRDL, < %' SDLy),
S 1 i
< > SDLy 4,;+60-URRDL,

. F
J€h-1p

8.6.1.6 Energy schedules for hourly demand response resources cannot vary
by more than an hour’s ramping capability for the applicable resource.
This constraint shall be enforced by the following for all hours
h€{l,..,24} and all buses b € BPR;

Y (QHDR,_,,,—SHDR,_,,)—60-URRHDR,

1
< Y (QHDR,,;—SHDRy,))
J'Efg.b
< Y (QHDR, ,,,—SHDR, 1,)+60-DRRHDR,
T
J€h-1p

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

8.6.1.7.1 For the first hour a resource reaches its minimum loading

point, where ODGy, ), = 1, ODGy,4 ;= 0, the following
constraint shall be applied:
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8.6.2

0< Z SDGppx < 30-URRDG,

E
keKE ),

8.6.1.7.2 If the resource stays on at or above minimum loading point and

ODGy, = 1, ODGy4 j, = 1, the following constraint shall be
applied:

S SDGy 14— 60-DRRDG,< Y SDGyy,
keKy_y ), keK, ,
S Z SDGh_l,ka+60'URRDGb

KEKG_1

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

applied:

0< Y SDGy,, <30-DRRDG,

kEKﬁb
8.6.1.8 The constraints in sections 8.6.1.6.1 and 8.6.1.6.3 do not apply to a
quick start resource.
8.6.1.9 For hours where non-quick start resources are ramping up to minimum

loading point, energy shall be scheduled using the submitted ramp up
energy to minimum loading point.

Operating Reserve Ramping

8.6.2.1

The total synchronized ten-minute operating reserve, non-

synchronized fen-minute operating reserve and thirty-minute operating
reserve from dispatchable loads shall not exceed their ramp capability
to decrease load consumption and for all hours # € {1, .., 24} and all
buses b € BPL:

S S10SDLy,; + ZDN510NDLM,J+ S S30RDLy,,;

iy i€ iy
< Y SDLy,; — Y SDLy_y,;+60-DRRDL,
) E 1= ) E 1,
ory T h-1h
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8.6.2.2 The total synchronized fen-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
operating reserve from a committed dispatchable generation resource
shall not exceed its ramp capability to increase generation and for all
hours A€ {1,..,24} and all buses b € BPG -

§10SDGy,, + > S10NDGy, )

kEKLY kek )"
+ > S30RDG,, < > SDGy_y,
keKy o kEK) 1,
— ) SDGyyy+60.URRDG);
keky,,

Z S10SDG p i + Z S10NDGy, jx + Z S30RDGy,

108 10N 30R
KEK,S, KEK}S KEKRY
+ E SDGyp ke

KEKE),
< [(h—n)- 60+ 30]- URRDG), - ODGy,

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

S10SDG, p i + Z S10NDGy,

108 10N
kEK,S, KeKiY

+ Z S30RDG, p, + Z SDG px

30R E
KEKp KEKpp

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

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

8.6.3 Non-Quick Start Resources

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

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

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

ODGy, ODGyp, oy OD Groin(24,MGBRTDGy - InitOperHrsy)p = 1
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8.6.3.5

8.6.3.3

If ODGy4 =0, ODG},, = 1, and MGBRTDG), > 1 for hour
he{1,..,24}, then the resource at bus b € BN?S has been scheduled
to start up during hour h and shall be scheduled to remain in operation
until it has completed its minimum generation block run-time or to the
end of the day. Therefore:

ODGpy1,p, ODGry2 by ooy ODGrpin2a.n + MGBRTDG-1)0 = 1

8.6.3.4

If ODG}., =1, ODGp ), = 0, and MGBDTDG), > 1 for hour

he€{1,..,24}, then the resource at bus b € BV has been scheduled
to shut down during hour h and shall be scheduled to remain off until
it has completed its minimum generation block down time or to the end
of the day. Therefore:

ODGpy1,p ODGpyz by ooy ODGrpin24,n + MGBDTDGY-1)0 = 0

The dayv-ahead market calculation engine shall not consider start-up

8.6.3.6

offers for non-quick start resources to be scheduled in the first hour of
the day if the resource is expected to be scheduled as a result of an
operational constraint.

8.6.3.7

A Boolean variable, IDGy, j, indicates that the non-quick start resource
at bus b € BN9S is scheduled to reach its minimum loading point in
hour h € {1, .., 24} after being scheduled below its minimum loading
point in the preceding hour. A value of zero shall indicate that a

resource 1s not scheduled to reach its minimum loading point, while a
value of one indicates that it is scheduled to reach its minimum loading
point. For all hours A€ {1, .., 24} and all buses b € BV¢S;

1 If ODGh—l,b =0 Cmd ODGh,b =1

IDG ={
h.b 0 otherwise.

A non-quick start resource shall not be scheduled more than its

maximum number of starts per day. For all buses b € BV N

IDG ), < MaxStartsDG,,
h=T1.24

8.6.4 Energy Limited Resources

8.6.4.1

An energy limited resource shall not be scheduled to provide:
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8.6.4.1.1 more energy than the maximum daily energy limit specified for
such resource; or

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

BPLR where an enerey limited resource is located and all hours
He(l,.. 24}

Z ODG}I,IJ . MinQDGb + Z SDGh,b,k

h=1.H ke]{;’fb

+ 100RConv Z S10SDGy 1 x

10S
KEKES

+ Z S10NDGy px

10N
k€KL,

+300RConv Z S30RDGy 1 i

30R

- Z SMaxDelVioly ,; < MaxDEL,

i=1.NMaxDelVioly

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

8.6.5 Dispatchable Hydroelectric Generation Resources

8.6.5.1 Dispatchable hydroelectric generation resources shall be scheduled
for at least their minimum daily energy limit. Violation variables for
under-scheduling a resource’s minimum daily energy limit may be
used to allow the day-ahead market calculation engine to find a
solution. For all dispatchable hydroelectric generation resource buses
b € BYE.
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z ODGy, ), - MinQDG), + Z SDGpp x
h=1.24 kEKF ),

+ z SMinDelVioly,,,; | = MinDEL,

i=1.NMinDetviol,

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

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

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

1 if | ODGp_yp MinQDG, + Z SDGy_1p1 < StartMW,;
keKE_ | p

IHEhij[' = <

keKE ,
0 otherwise.

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

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

8.6.5.4 The schedules for multiple dispatchable hydroelectric generation

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

+ Z 100RConv z S10SDGyp

b eBHE keKES

+ Z S1ONDGy 1

10N
k€Knp

+ 300RConv Z S30RDGy p i
ke
- Z SSMaxDelVioly g ;

i= 1..N5MaxDe.'.Vi01H

< MaxSDEL;

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

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

Z Z ODGh,b - ManDGb + z SDGh,b,k

h=1.24 \p eBHE kEK}p
+ Z SSMinDelViol,
i=1.NsMminDelVioly,
= MinSDEL

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

lag.
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8.6.5.7 For all linked dispatchable hydroelectric generation resources
between upstream resources by € BZUE and downstream resources b, €

BYE for (by,b,) € LNK and hours h € {1, . ., 24} such that
h+ Lagb1 by < 24:

> ODGi1ag, , b, MINQDGy, + D SDGinsrag, 5 b,
HE ' E '
bZEBdn kEsz,h+Lagb1’bz

— o Z SOGenLnkalh+Lagb1,b2.(bllb2)Ji
Y 0GenlnkViol
h+Li
by .b

N | Z SUGenLnleolh+Lagb1 p(D1b)d
t=1--NUGenLnkVi°1h+Lagb b

= MWhRatiObl,bz

Z ODGh’bl 'MinQDGbl + Z SDGk,h,bl

bi€BLy keKp,

8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance

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

Z SPRLy, if b € BPRE
< Z SDLy, if b € BPL

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

JEIE

8.7.1.2 The net energy withdrawal for virtual transaction zone m € M in hour
he{l,..,24}, VWithy,,,. as all bids scheduled from virtual
transactions for energy less all offers scheduled from virtual
transaction for energy shall be:
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VWithy,, = > > SVB,i = Y Y SV0,,,

UEVijE]f:v VEVOm kEK‘EU

8.7.1.3 The total amount of export energy scheduled at intertie zone bus

d € DXinhour h € {1, .., 24}, With, ;, as the exports from Ontario to

the intertie zone bus shall be:

Withh,dz Z SXLthJ

. E
JE€ b

8.7.1.4 The total amount of injections scheduled at internal bus 4 € B in hour

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

Inj, , = Offerlnj, , + Ramplnj,
where

Of ferInjy,,

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

keKE,

and

Ramplnjy,

RampEb,w ' 1DGh+w,b

w=1.min(RampHrsy,24—h)

0

if b € BNPG

if b € BP¢

if b€ BNOS

otherwise

8.7.1.5 The total amount of import energy scheduled at intertie zone bus

d € Dlinhour h € {1, ..,24}, Inj, ., as the imports into Ontario from

that intertie zone bus shall be:

Mjpa = Z SIGp,q.x

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

AFLh + Z (1 + MgILOSSth) . Withh‘b
beBPRLUBDLUBHDR

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

+ Z (1 + M‘gILOSSh’d) . Withh,d
deDX

_ Z SLdVioly,;
i=1.Npaviol,

= Z (1 + MglLossy ;) - Injpp
bEBNDGUBDG

+ Z (1+ MglLossy ) - Injp, 4
deD!

— Z SGenVioly, ; + LossAdj,
i=1~NGenViolh

8.7.2 Operating Reserve Requirements

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

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

For each hour /1 € {1, .. 24}

Z Z S10SDLy,; |+ Z Z S10SDGy,

DL . 108 DG 108
beB J€lpp beB k€K

n Z $10SViol,; = TOT10S,;

i=1.Nyosviol,

Z Z S10SDL,,; |+ Z z S10SDG, 1

bEBDL \ jejios beBPE \ kek S
+ Z Z S10NDL,,, |+ Z Z S10NXLj, o
= AVER devi gty
+ Z z S10NDG, . | + Z Z S10NIG), o 1
beBPE \ kektoN deDI \ gekioN

+ Z S10RViol,; > TOT10Ry;

1‘=1‘-N10Rviolh

and
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Z Z S10SDLy,; |+ Z Z S10SDG, p x

berDL \ jei4s berPE \kekills

+ Z Z S10NDLy,; | + Z Z S10NXLy 4 ;
beBPL \ je ioN denx \ jejioN

+ Z Z S10NDGy ;. | + Z Z S10NIG, 4
bepDG ke}(ﬁ'%N depI kEK,{%N

+ Z Z S30RDLyp; |+ Z Z S30RXLy, 4 ;
bepDL thEI%R deDx je;ﬁff

+ Z Z S30RDGy . | + Z Z S30RIG 41,
beBPE \jekiR deDl \gekif

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

8.7.2.3 The following constraints shall be applied for each hour # € {1, .. 24}

and each region » € ORREG:

S10SDLy,,; |+ Z Z S10SDGy, 1

beBREGCNBDL \ jejios beBRECNBDG \ kek}t9S

+ Z Z S10NDLy,

beBREGNBDL \ jejioN

+ Z Z S10NXLy 4

aepfECnpx \ jesioy

+ Z Z S10NDG),

beBFEGNBDG \ kekpON

+ Z Z S10NIGy, 4

aepfECnpr \kekpoN

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

i=1.NREG1oRVialy,
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S10SDLy,; |+

beBREGnRDL \ je ios

+

beBREGRDL \ j

)

deDRECnpx \j

beBRECNBDG \ keki9S

z S1O0NDLy

ey’

Z S10NXLj, 4 ;

10N
€lp,d

N S10NDG), ,
beBREGBDG \kekigN

+ Z Z S10NIGy 4
denBEGnpr \kerioN

- )

SXREG10RViol, p,;

i=1.NXREG10RViol},

< REGMax10R; ,;

S10SDGy

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY

Appendix 7.6A-95



S10SDLy,; | + Z S10SDGyp x

beBFECNBPL \ jeji%8 beBFECNBDG \ keki%®

+ Z Z S10NDLy,, ;

beBRECBDL \ jesioN

+ Z Z S10NXLy, 4,

deDFECnDx \ jeriol

+ Z S10NDGy .

beBRECNBDE \ kekig

+ Z Z S1ONIG, 4.

deDFECnDI \ kekpoY

+ Z Z S30RDLy,

beBRECNBDL \ je 3R

+ Z Z S30RXLyq

deDFECnDX \ jejiof

+ Z Z S30RDGyy p x

beBFECNBDG \ kek} R

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

i=1.NrgGzorvioly,
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and

S10SDLy,; | + Z Z S10SDGp s

beBFECNBPL \ jeJi%® bEBFECNBPC \ keKp%®

+ Z Z S10NDLy,, ;

beBFECNBPL \ jejioN

+ Z Z S10NXLy g ;
deDfECnpx \ jejiol

+ Z Z S1ONDGp

beBRECNBDE \ keki N

+ Z Z S10NIGy g%

deDFECnDI \ keki "

+ Z S30RDLy px

beBRECNBOL \ jefioR

+ Z Z S30RXLy 4
deDfECnDx \ jejiof

+ Z Z S30RDGyp i

beBRECNBDE \ kekiof

N Z S30RIG, 4%
deDFECNDI \ kekFoR
B Z SXREG30RViol, p;

i=1.NxrEGaorvioly

< REGMax30Ry,.

8.7.3 IESO Internal Transmission Limits

8.7.3.1 A set of energy schedules shall be produced that do not violate any
security limits in the pre-contingency state and the post-contingency
state subject to the remainder of this section 8.7.3. The total amount of
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energy scheduled to be injected and withdrawn at each bus used by the
energy balance constraint in section 8.7.1.6. shall be used to produce
these schedules.

8.7.3.2 Pre-contigency, SPrelTLViol;, ;, and post-contingency, SITLViol, s, ;

transmission limit violation variables shall allow the dayv-ahead market
calculation engine to find a solution.

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

PreConSFy sy, - Injp
beBNDGypDG

- Z PreConSFy,fp, - Withy,,
peBFPRLyBDLypHDR

- Z VPreConSFy p ., - VWithy,
meM

+ Z PreConSF, ;4 - Injp 4
dEDI

- Z PreConSFy 4 - With, 4
dEDX

- Z SPrelTLVioly , ;

i =1.Nprerriviol i

< AdjNormMaxFlowy,

8.7.34  Forall hours /# € {1, .., 24}, contingencies ¢ € C, and facilities
/€ F), .. the linearized constraints for violated post-contingency limits
obtained from the security assesment function shall take the form:

SFuerp "Iy — Z SFyerp- Withy, ,
peBNDGyRDG beBFPRLypDLygHDR
- Z VSFh,c,f,m ) VWltthm + Z SFh,C,f,d
meM deDI
" Injh’d - Z SFh,C,f,d " Withh,d
deDX

_ Z SITLViol, s
i=1.N ITLViole £

< AdjEmMaxFlowy, . ¢
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8.74 Intertie Limits

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

Zseh:

EnCoeff, , Z Z SIGyapx — Z Z SXLn,a,j
deDlq keKE d€DXa jEJ; 4
Z Z S1ONIGy, 4 + Z S30RIG, 4 |+
€A: EnCoeffg z#0 deDIy \keg1oN kek30R
acd:Entoe +0.5 - (EnCoeff,, + 1) d na
Z Z S1ONXLy g + Z S30RXLyq;

i dEDXq \ jesioN JEIRSE

- Z SPreXTLViol,,; < MaxExtSchy, ,

1=1.NprexXTLViol,

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

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

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

8.7.1.1.2 It shall not be less than the net interchange
schedule for the previous hour minus the net
interchange scheduling limit; and
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8.7.5

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

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

Z Z SIGh—l,d,k - Z Z SXLh—l,d,j - ExtDSCh

deDl kg[{ﬁlltd deEDX jEJE—l,d

- Z SNIDViol,;

i=1.NNipviol;

<) ) S~ ), ) SKua,

depI R€Kf,d deEDX }'Gh’id
S E E SIGh—l,d,k - E E SXLh—l,d,j
deDI kef(’f_m deDX jEJE—Ld

+ ExtUSC, + Z SNIUViol,;

1 =1L.Nniuviely,

Penalty Price Variable Bounds

8.7.5.1 Penalty price variables shall be restricted to the ranges determined by
the constraint violation penalty curves for the As-Offered Scheduling
algorithm and for all hours 2 € {1, .., 24}:
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0 = SLaVioly,; = QLdViolSchy; foralli € {1,.., Nyayio, 5

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

. ( i
i € {1,.., Nrggiorvior, 5

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

. ; )
i € {1,.., Nregsorvio, }5

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

S, .
i € {1,.., Nxreciorviot, };

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

S .
i € {1,.., Nxgegaorviot, )3

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

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

0 < SPreXTLViol,y; < QPreXTLViolSchyy;  forallz € Zscn,
i € {1,.., NPreXTLWOIZ,n};

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

i€l .., NMaxDeIV[oIh};

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

i € {1 ... Numpewioi}:

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

i € {l,... Nemaxpetviol, >

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

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

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

i € {1,.., Nygeninkvioly}

8.8 Outputs

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

9.1 Purpose

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

9.2 Information, Sets, Indices and Parameters

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

9.2.1.1 _ SDG}95, which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus
b € B¥® y B in hour /1 € {1, . ., 24} in association with lamination
k€ Kfi bi

9.2.1.2 ODGZ{(,?S . which designates whether the dispatchable generation

resource atbus b € BP was scheduled at or above its minimum
loading point in hour h € {1, .., 24},

9.2.1.3 S1 OSDGZ{%, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus » € BEL® U BE in hour / € {1, . ., 24} in association
with lamination k € K,l,)obs :

9.2.14 S1 ONDGZI,%, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus » € BEX U B in hour 1 € {1,..,24}in
association with lamination k € K},%V :

9.2.1.5 S30RDG}142§(, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
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9.3

9.2.1.6

provide at bus » € B¥*® U BF inhour 4 € {1, . ., 24} in association
with lamination k € Ki?f ;and

OHO‘;,{?S . which designates whether the dispatchable hydroelectric

generation resource at bus b € B"F has been scheduled at or above
MinHO,, inhour h € {1, .., 24}.

Variables and Objective Function

9.3.1

The day-ahead market calculation engine shall solve for the same variables as in

9.3.2

the As-Offered Scheduling algorithm, section 8.3.1. with the following

exceptions:

IDG}, , for bus b€ B¢ and hour A € {1, .., 24} shall not appear in the

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

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

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

SOGenLnkVioly v, for (b1, by) € LNK such that b, € B[lF and

by €Bjf hourh € {1,..,24} andi € {1, .., NoGenrnivios, }.shall not
appear in the formulation; and

9.3.1.1

formulation:
9.3.1.2

constant value;
9.3.1.3

constant value:
93.14
9.3.1.5
9.3.1.6

SUGenLnkViol, 4, 1, for (by,b,) € LNK such that b, € BZ,E and b, €
BiF. hourh€ {1,..,24} andi € {1, .., NyGenznrvios, }.shall not
appear in the formulation.

The objective function for the As-Offered Pricing algorithm shall maximize gains

from trade by maximizing the following expression:
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(O;bjPR.LJ;l + ObjDL;, — ObjHDRy, + ObjVBy, + ObjXL;, — OijDGh)
— 0bjDGy, — 0bjVOy, — ObjIGy, — TBy, — ViolCosty,
where:

ObjPRL, = SPRL - PPRLy, 4, ;
JERL h.b,j h.b,j

beBFRL jejﬁb

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-105



SDLher - PDLher - Z SIGSDLthJ * PiGSDLher -

105

' &] e
ObjDL, Z Lo b
bLER L Z slﬂNDthbd' b PlGNDLthIj - Z SSDRDLthJ " PSGRDLthJ

jeny j e
Z SHDRthIJ; " PHDRthIj

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

wEVE ¢ eliy

SXL-H-.-d.J' * 'PXLh.-d.} - Z SIDNXLH,d,j * PiGNXLh.d.j

ie] .Eij
ObjXL, 1=dhd Feihd
dEnx - Z 53DRXLthrJ' = PEUHXLhIde
eI

ObjNDG, = ZD
peplDG

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

Z SNDGhIth " PNDGh,b.I{
kﬂxhlb

KeKE kekpss
ObjDG, = Z ' '
baRg [ Z SlﬂNDGthlk " PlDNDGthIk + Z SSGRDGthFk - PEDRDGthIk

kerzy! ke KRS

objvo, = ) Z SVOp s - PV

valo A\ akp

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

keK} 4 kel

danf + Z 530{{;th_’;{ " P3URIGthJk

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

9.3.2.2 ViolCost;, shall be calculated as follows:

ViolCost, = Z SLdViol,; - PLAViolPrcy,

i=1.Npaviot,

— Z SGenVioly, ; - PGenViolPrcy ;

i=1--NGenVith

+ Z S10SViol,, ; - P10SViolPrc, ;

i=1.Nyosvioty,

+ Z SlORV!:O!hJi . PlORViOlPTChJi
i=1..Nqgrviol,

+ Z S30RViOthi - P30RViOEPTChJi
i=1.N3oRvioly

+ Z Z SREGlORViOITJhJi
TEORREG i=1--NREGI.ORViOIh

- PREGlORViOlPTChJi

+ Z Z SREG30RViol, 1, ;

TEORREG i=1--NREGSORVI'OIh

- PREG30RViolPrc,,;

+ Z Z SXREG10RViol, ,

TEORREG \i=1.NxRrEGioRrviol;

- PXREG10RViolPrcy, ;
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+ Z Z SXREG30RViol, ,;

TEORREG \i=1.NygEGaorviol,

. pxREG30RViolPrch_i

N Z Z SPrelTLViol

fEFRL \i =1-—NPreITLViOIf.h

- PPrelTLViolPrcg p, ;

N Z Z Z SITLVioly ;1
CEC fEFpc i=1--N1TLVIOIC_f_h

- PITLViolPrc. s p i

N Z Z SPreXTLViol, ,

2€Zscn \I=1.NprexrLviol,

- PPreXTLViolPrc, p ;
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)

i =1.NNI1UVioly,

SNIUViol,; - PNIUViolPrc, ;

+ Z SNIDViol, ; - PNIDViolPrcy, ;.
i=1.NNIDVialy,
+ Z Z SMaxDelVioly ,, ; - PMaxDelViolPrcy, ;
beBELR \ i =1.NMaxDelVioly,
+ Z Z SMinDelVioly ), ; - PMinDelViolPrcy,;
beBHE \i=1.Nyinpelviol,
+ Z Z SSMaxDelVioly, ¢ ; - PSMaxDelViolPrcy, ;
seSHE \i =1--NSMaxDelVio.[.u1
+ Z Z SSMinDelVioly, 5 ; - PSMinDelViolPrc, ;
SESHE \i=1.NsMinDelViol,
9.4 Constraints
9.4.1 The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the
optimization function in the As-Offered Pricing algorithm.
9.5 Dispatch Data Constraints Applying to Individual Hours
9.5.1 Scheduling Variable Bounds

9.5.1.1

No schedule shall be negative, nor shall any schedule exceed the

quantity respectively offered for energy and operating reserve. For all

hours hE€ {1,..,24}:
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0 < SPRLy;,; < QPRLy), ; forall b € BPRL j € JF s
0 <SDLyp; < QDLyy; forall b € BP,j € Jf )
0 < S10SDLyy; < Q10SDLy,; forall b € BPL, j € 1%;
0 < S10NDLy;; < Q1O0NDLy); for all b € BPL, j € J19Y;
0 < S30RDLyj; < Q30RDLy); forall b € BPX, j € J35%;
0 < SHDRy;; < QHDRy), forall b € BHPR j € JF
0 <SVBhu,; < QVBy,; forallv €VB,j € Jf ;
0 <SXLpg; < QXLpga; forall de DX, j E]f}d;
0 < S10NXLy4; < Q1ONXLy 4 ; forall de DX, j € J;%';
0 <S30RXLj4; < Q30RXLyq4; forall de DX, j € J}%;
0 <SNDGppr < QNDGypx forall b € BYP% k € Kf;
0 SSVOhpr < QVOp i forall vE VO, k € Kf\,;
0 <SIGhar < QIGhak forall d€ DI k € Kf} 4;
0 < S10NIGpqx < QLONIG) 4y forall de DI k € K;.%"; and
0 < S30RIGy 4% < Q30RIG 4 forall de DI, k € K%}
9.5.1.2 A dispatchable generation resource can be scheduled for energy and

operating reserve only if its commitment status variable is equal to 1.
Forall hours h € {1,..,24}:

0 <SDGypx < O0DGyy, - QDG forall b € B¢, k € Kf,;

0 < S10SDGppx < ODGy,y, - Q10SDGy, ;.  forallb € BPC, k € K%'

0 < S10NDG, . < ODGy,y, - QLONDG,,,, forall b € BPC, k € K19V,

and

0 < S30RDG,;x < 0DGyy, - Q30RDG,,,, forall b € BPC, k € K3%F
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where

ODGy, p s a fixed constant in the above constraints as per section
9.8.1.

9.5.2 Resource Minimums and Maximums

9.5.2.1 The constraints in section 8.5.2 shall apply in the As-Offered Pricing
algorithm.

9.5.3 Off-Market Transactions

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

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

9.53.3 For all hours h € {1, . ., 24} _and all intertie zone buses scheduled to
import emergency energy that does not support an export d € DIEMN;

9.54 Operating Reserve Requirements

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

9.5.5 Pseudo-Units

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

9.5.6 Dispatchable Hydroelectric Generation Resources

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

9.5.6.1.1 offer laminations for energy corresponding to the hourly must-
run amount shall be ineligible to set prices:
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9.5.7

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

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

Wheeling Through Transactions

9.6

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

Dispatch Data Inter-Hour/Multi-Hour Constraints

9.6.1

Energy Ramping

9.6.2

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

Operating Reserve Ramping

9.6.3

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

Energy Limited Resources

9.6.4

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

Dispatchable Hydroelectric Generation Resources

9.6.4.1 A dispatchable hydroelectric generation resource shall be scheduled
for energy to at least its minimum daily energy limit. Violation
variables for scheduling a resource below its minimum daily energy
limit may be used to allow the day-ahead market calculation engine to
find a solution. For all dispatchable hydroelectric generation resource
buses b € BIE;
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Z ODGth ' M.’:nQDGb + Z SDGthJk

h=1.24 kEKEb

+ Z SMinDelViol, ,,; | = MinDEL,

i=1--NMinDelViolh

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

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

Z Z ODGth ' ManDGb + Z SDGthJk

h=1.H \p eBHE keKE ),

+ Z 100RConv Z S10SDGy b

b eBHE keKES

+ Z STONDGy p i

10N

+ 300RConv Z S30RDGy p

30R
k€Ki b

_ Z SSMaxDelVioly ¢ ;

i=1.NsMaxDelVioly

< MaxSDEL,

where the factors 100RConv and 300RConv shall be applied to
scheduled ten-minute operating reserve and thirty-minute

operating reserve for energy limited resources to convert MW into
MWh.
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9.7

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

Z z ODGh,b " MinQDGb + Z SDGthJk

= HE E
h=1.24 \ b €eB; keKpy

+ Z SSMinDelViol, ;; | = MinSDEL

i=1.NsMinDelVioly,

Constraints for Reliability Requirements

9.7.1

Energy Balance

9.7.2

9.7.1.1 The constraint in section 8.7.1 shall apply in the As-Offered Pricing
algorithm, except the marginal loss factors used in the energy balance
constraint in the As-Offered Pricing algorithm shall be fixed to the
marginal loss factors used in the last optimization function iteration of
the As-Offered Scheduling algorithm.

Operating Reserve Requirements

9.7.3

9.7.2.1 The constraints in section 8.7.2 shall apply in the As-Offered Pricing
algorithm.

IESO Internal Transmission Limits

9.7.4

9.7.3.1 The constraints in section 8.7.3 shall apply in the As-Offered Pricing
algorithm, except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of
the As-Offered Pricing algorithm.

Intertie Limits

9.7.5

9.7.4.1 The constraints in section 8.7.4 shall apply in the As-Offered Pricing
algorithm.

Penalty Price Variable Bounds

Appendix 7.6A-114

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



9.7.5.1

The following constraints shall restrict the penalty price variables to

the ranges determined by the constraint violation penalty curves for the

pricing algorithm. For all A€ {1, .., 24}:

0 = SLdViol,; < QLdViolPrcy;

0 < SGenVioly; < QGenViolPrcy;

0 < S108Violy ; < Q10SViolPrcy ;

0 = S10RViol,; = Q10RViolPrc,;

0 < S30RVioly,; = @Q30RViolPrcy;

0 < SREG10RViol, ;,; < QREG10RViolPrcy ;
NREGlORVioth}é

0 = SREG30RViol, ,; < QREG30RViolPrcy;
NREt;soRVioth}é

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

0 < SXREG30RViol, ,; < QXREG30RViolPrcy;
NXR.EcsoRViozh};

0 < SPrelTLViol; p; < QPrelTLViolPrc,p;
Nprerriviotyy };

0 = SITLViol, fp; < QITLViolPrc, ), ;

{L.., NITLViole‘h};

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

0 < SNIUVioly,; < QNIUViolPrc,;

0 < SNIDVioly,; < QNIDViolPrcy, ;

0 < SMaxDelViol, ;,; < QMaxDelViolPrcy,;
NMaxDelVioIh};

0 = SMinDelVioly, ,; = QMinDelViolPrcy, ;
NMinDeiViozh}Q

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

0 < SSMinDelVioly 5; < QSMinDelViolPrey ;

NSMinDelViolh}-

foralli € {1.... N0, }s
forall i € {1,.., Ngenpion }:
foralli€ {1,.. ,Nmsymgh};
foralli€ {1,.. 7N10RViaih};
foralli € {1..., N3gry, )i
for all ¥ € ORREG,i € {1, ..,

forallr € ORREG,i € {1, ..,

forallr € ORREG,i € {1,..,

forall » € ORREG,i€ {1, ..,

forall f € F,,i€ {1,..,

forallc €C,f € Fy ., I €

forallz € Zg., i € {1,..,

foralli € {1,. ., Nymyvier, };
foralli € {1,.., Nyipyior,}:

forall b € BELR ;g ih,..,

forallb € BHE i€ {1,..,

foralls € SHE,i € {1, ..,

foralls € SHEi € {1,..,
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9.8

Constraints to Ensure the Price Setting Eligibility

9.8.1

Reflect Offer/Bid Laminations

Commitment Status Variables

9.8.2

9.8.1.1

Commitment decisions shall be fixed to the commitment statuses of

resources calculated by the As-Offered Scheduling algorithm in
section 8. For all hours A€ {1,.., 24} and all buses b € BPG;

ODG, - ODGHS®

Energy Limited Resources

9.8.2.1

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

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

0DG#Y® - MinQDG,, + Z SDGHDY
h=1.H kEKf,b

+ IOORConv( Z S10SDG/95

kek}%
+ Z S10NDG/%%
kekioN
+ 300RConv( Z 530RDG;fg',§k) = MaxDEL,,

30R
Kkek

then the maximum daily energy limit constraint shall be
considered binding in the As-Offered Scheduling algorithm. In
such circumstances, the following constraints must hold for bus
b € BELR for all hours A € {1,..,24}:
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Z SDGh,b,k < Z SDG}T,(;:SI‘C-’_E

Z SDGpp + Z S10SDG 1, + Z S10NDGy,

108 10N

KEKE ), KEKLS kekhy
h-1
_ A0S
+ S30RDGp . < MaxDEL, SDGIp%
keKROR =1 keKE ),

where € is a small positive constant.

9.8.3 Dispatchable Hydroelectric Generation Resources

9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the As-
Offered Scheduling algorithm in section 8, such resource shall also be
scheduled at or above its minimum hourly output in the As-Offered
Pricing algorithm. The energy offer laminations corresponding to the
minimum _hourly output amount shall be ineligible to set prices. If a
dispatchable hydroelectric generation resource with a minimum
hourly output amount receives a zero schedule in the As-Offered
Scheduling algorithm, the resource shall also receive a zero schedule
in the As-Offered Pricing algorithm and shall be ineligible to set prices
in the energy market. For all hours 4 € {1, .., 24} and dispatchable
hydroelectric generation resource buses b € BE:

0DGy, - MinQDG, + Z SDGyp = MinHO,,, - OHOEY®

keKE
and for all k € K}:‘jb:

0 < SDGypy < OHORD® - QDG

9.8.3.2 For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by the
As-Offered Scheduling algorithm in section 8. The resource’s
schedule shall be between the same start indication values as
determined in the As-Offered Scheduling algorithm. For all
hydroelectric buses b € B and all hours 4 € {1,..,24}:
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9.8.3.3

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

0 < 0DG,, - MinQDG, + SDGp i < StartMW,, — 0.1
kEKh’b

If StartMW,,; < ODGj{}® - MinQDGy, + Xy ek, SDGRDS <
StartMW,, ;,4 fori€ {1, .., (NStartMW, — 1)},
then
StartMWb'i < ODGh,b " MLnQDGb + Z SDG.’L,b,k

E
keKE ),

< StartMWb,i_'_l —0.1

If ODGY® - MinQDG), + ZiekE, SDGRYS = StartMWy, ysearemw,,
then

ODGy,, - MinQDG, + SDG s = StartMWy ysearemw,
KEKL,

For a dispatchable hydroelectric generation resource with a minimum

9.8.34

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

Z ODGH9® - MinQDG, + Z SDG{'%% | < MinDEL,

h=1.24 kEKr}f,b

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

SDGy e = SDGED

For a dispatchable hydroelectric generation resource with a shared

minimum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 8, the energy schedules calculated for
all resources in the set s € SHE in the As-Offered Scheduling
algorithm shall be ineligible to set prices. Thus, for all sets s € SHE
such that:
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Z Z ODG}')S - MinQDG), + Z SDG0S,

h=1.24 \p cBHE kekE,
< MinSDEL

the following constraints shall apply for all hours

he{l,..,24):

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

b eBlE kekE,

> z 0DG/9% - MinQDG,, + Z SDGR,

b eBHE keKE,

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

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

+ Z 100RConv Z S10SDG#HY%

b eBHE KEKESS

+ Z S10NDG#H%S,

10N
k€K D

+ 300RConv Z S30RDGH Y5,
KEKGE

= MaxSDEL;

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

Z Z SDGppr < Z Z SDGRDS. + €,

beBE kekf, beBIE kekf,
Z Z SDGppp + Z S10SDGpp . + Z S1ONDGy, p x
beBFE \kekf ), KEKRYS keKAON

+ Z S30RDG i

30R
kekp,p

h-1
< MaxSDEL — Z z Z SDG0.

beBHE 1=2 kek}),

where € is a small positive constant.
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9.8.3.7 For a dispatchable hydroelectric generation resource for which a
MWh ratio was respected in the As-Offered Scheduling algorithm in
section 8, such resource shall be scheduled between its As-Offered
Scheduling algorithm schedule plus or minus a tolerance A specified
by the IESO. The resource schedule shall continue to be limited by its
offer quantity bounds, in section 9.5.1, and any applicable resource
minimum or maximum constraints, in section 9.5.2. For all hours
h € {l,..,24} and dispatchable hydroelectric generation resource
buses b € B"E such b € {b,, b,} where b, € BZE@bZ € BHE for
some (by,b,) € LNK with h + Lagbl’b2 <24:

max (0,01)6,{{35 - MinQDGy, + Z SDGRYS, — A,AdeinDGh,b>
kekf,

< 0DG9% - MinQDG, + Z SDGpx

keKﬁb
MinQDG, + Z QDGppr» ODGRYS - MinQDG, + Z SDGEYS + A,
< min KEKE ), keKE
AdeaxDGh‘b
9.9 Outputs
9.9.1 Outputs for the As-Offered Pricing algorithm include the following:

9.9.1.1 shadow prices;

9.9.1.2 locational marginal prices and their components: and

9.9.1.3 sensitivity factors.

10 Constrained Area Conditions Test

10.1  Purpose

10.1.1 The Constrained Area Conditions Test shall:

10.1.1.1  identify when and where competition is restricted; and
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10.2

10.1.12

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.

Information, Sets, Indices and Parameters

10.2.1

The sets and parameters associated with narrow constrained areas and dynamic

10.2.2

constrained areas shall be identified in accordance with Appendix 7.8 and used

by the Constrained Area Conditions Test.

Information, sets, indices and parameters for the Constrained Area Conditions

Test are described in sections 3 and 4. In addition, the following prices produced

by the As-Offered Pricing algorithm shall be used by the Constrained Area

Conditions Test:

10.2.2.1

10.2.2.2

10.2.2.3

10.2.2.4

10.2.2.5

10.2.2.6

10.2.2.7

LMPF, 0P which designates the locational marginal price for bus b€ B
inhour K€ {1,..,24};

PCon ,,g” . which designates the congestion component of the
locational marginal price for bus b€ Binhour A€ {1,..,24};

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

PExtCon ,LZP . which designates the intertie congestion component of

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

PIntCong,%. which designates the internal congestion component of

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

IntLMP;9", which designates the intertie border price for intertie zone
bus d€ Dinhour K€ {1, .., 24};

SPNorm ,,,fOP . which designates the shadow price for the pre-

contingency transmission constraint for facility f€ Fin hour
he{l,..,24}.
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10.2.2.8  SPEm T}Zf’gf, which designates the shadow price for the post-

contingency transmission constraint for facility f€ Fin contingency
c€ C inhour h;

10.2.2.9  SPNIUExtBwdT;°C , which designates the shadow price for the net

interchange scheduling limit constraint limiting increases in net
imports between hour (h — 1) _and hour h;

10.2.2.10 L30R ,,,bOP . which designates the locational marginal price for thirty-

minute operating reserve atbus b € Bin hour h€ {1,. ., 24};

10.2.2.11 L10NH,?,,0P . which designates the locational marginal price for non-

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

10.2.2.12 L10SAY” . which designates the locational marginal price for

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

10.3 Variables

10.3.1

The day-ahead market calculation engine shall use the constrained area

conditions in sections 10.4 and 10.5 to identify the resources that are part of the
following data sets:

10.3.1.1 BCond}4, which designates the resources in a narrow constrained

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

10.3.1.2  BCond7“, which designates the resources in a dynamic constrained

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

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

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

10.3.1.4  BCondi™" which designates the resources that must be checked for

global market power for energy in hour # € {1, .., 24};
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10.3.1.5

10.3.1.6

10.3.1.7

10.3.1.8

10.3.1.9

10.3.1.10

BCond'’®, which designates the resources that must be checked for
local market power for synchronized ten-minute operating reserve in

hour #€{1,..,24};

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

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

BCond®® which designates the resources that must be checked for

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

BCond$MP19%  which designates the resources that must be checked
for global market power for synchronized ten-minute operating
reserve in hour h€ {1,..,24};

BCondiMP1ON  which designates the resources that must be checked
for global market power for non-synchronized fen-minute operating
reserve in hour h € {1,..,24}; and

BCondi™P3°R _which designates the resources that must be checked

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

10.4 Constrained Area Conditions Test for Local Market

Power (Energy)

10.4.1 Constrained Area Conditions Test for Narrow Constrained Areas and Dynamic

Constrained Areas

10.4.1.1

If at least one transmission constraint for a narrow constrained area or

dynamic constrained area is binding in the As-Offered Pricing
algorithm, then all resources identified within the narrow constrained
area or dynamic constrained area area shall undergo the applicable
Conduct Test in section 11 and:

10.4.1.1.1 For each n€ NCAand hour 1 € {1, .., 24}: For each

transmission facility that transmits flow into n, € FY4, check
if SPNormT; 2% 0 or SPEmT;/%f# 0 _for the inbound flow
limit, the day-ahead market calculation engine will place n in
the set NCA,, "and assign the resources in n to the set

BCondﬁ,v ¢4. and
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10.4.1.1.2 For each d€ DCAand hour & € {1, .., 24}: For each
transmission facility that transmits flow into d, f€ FJ“4, check
if SPNormT,fIQP # 0_or SPEm ,,,gf # 0_for the inbound flow
limit, the day-ahead market calculation engine will place d in

the set DCA, "and assign the resources in d_to the set
BCond}“4,

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

appropriate:
10.4.1.2.1 NCA, 'designates the narrow constrained areas that qualify for
market power mitigation for energy in hour 2 € {1, .., 24};
and

10.4.1.2.2 DCA, 'designates the dynamic constrained areas that qualify
for market power mitigation for energy in hour h € {1,..,24}.

10.4.2 Constrained Area Conditions Test for Broad Constrained Areas

10.4.2.1 Ifthe congestion component of the locational marginal price for a
resource is greater than BCACondThresh, and the resource is not part
of a narrow constrained area or dynamic constrained area that has a
binding transmission constraint, then the resource shall be tested for
Conduct Test under the broad constrained area thresholds. For each
hour A€ {1, .., 24} and bus b € B”“ such that b ¢ BCond)“'U
BCondi“!,if PCon ,,g” > BCACondThresh, the day-ahead market

calculation engine will place resource b_in the set BCond3““.

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

10.5.1 The day-ahead market calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to 10.5.2. if:

10.5.1.1 the intertie border prices at the global market power reference intertie
zones are greater than the specified threshold value, indicated in hour
he{l,..,24} by IntLMP/9" > IBPThresh for bids and offers, d €

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

10.5.1.2  at least one of the following conditions is met:
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10.5.2

10.5.1.2.1 import congestion, represented by a negative intertie
congestion component, is present on all of the global market
power reference interties, indicated in hour 4 € {1, .., 24} _by:
PExtCongn9" < 0for bids and offers, d € DMPReT,
corresponding to the houndary entity resource bus for the
global market power reference intertie zone; or

10.5.1.2.2 the net interchange schedule limit is binding for imports,
represented by a non-zero net interchange schedule limit
shadow price for incremental imports, indicated in hour
he {1,..,24} by: SPNIUExtBwdT;°F + 0,

If the conditions in sections 10.5.1 are met, then the day-ahead market calculation

10.6

engine shall test resources that can meet incremental load within Ontario for
global market power, for each hour 4 € {1, .., 24}, place all b€ B"C in the set
BCondi™", unless they are excluded because one of the following two conditions:

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

10.5.2.1.1 if PCongh%” < PIntCong,9” — $1/MWh where d € DEMPReS
is true for all global market power reference intertie zones: or

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

10.5.2.2.1 ifresources can not meet incremental load because of any
binding transmission facility where SPNormT;¢” # 0 or
SPEmT; 2 # 0.

Constrained Area Conditions Test for Local Market

10.6.1

Power (Operating Reserve)

Subject to section 10.6.1.3 for a regional minimum requirement of greater than

zero for a specific class of operating reserve, then all resources within the region
with offers for classes of operating reserve that can satisfy the requirements of the
specific class of operating reserve shall be tested for local market power:

10.6.1.1 A resource shall not qualify for local market power mitigation test for
operating reserve if the resource is located in a region with a binding
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maximum constraint and for each resource b € BP¢ U BPL and hour
he{l,..,24):

10.6.1.2  subject to section 10.6.1.3. if b is in a region with a non-zero minimum
requirement, then b is subject to the Conduct Test and is placed in the
set BCond}%, BCondi" ,or BCond;°; and

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

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

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

10.7.2 Subject to section 10.7.3, if the condition in section 10.7.1 has been met for a class
of operating reserve, then all resources with offers for classes of operating
reserve that can satisfy the requirements of that class of operating reserve shall be
tested and for each b€ B”“ U B”L and hour K€ {1, .., 24}:

10.7.2.1 _if L10SP{" > ORGCondThresh, the day-ahead market calculation
engine shall add resource b_to BCond{MP105;

10.7.2.2 if L1 ONHS,DP > ORGCondThresh, the dav-ahead market calculation
engine shall add resource b to BCond¢™"1N, and

10.7.2.3 if L30R}}§,D ? > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCondFMP30R

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

10.7.3.1 If a resource is located in a region with a binding regional maximum
constraint, then the resource shall not qualify for global market power
mitigation testing for operating reserve.
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10.8

Outputs

10.8.1

Outputs of the Constrained Area Conditions Test include the list of resources that

11

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

11.2

values submitted by registered market participants for resources identified in
section 10.8.1 are within the applicable threshold level of the corresponding
reference level values for those resources.

Information, Sets, Indices and Parameters

11.2.1

Information, sets, indices and parameters used by the Conduct Test in section 11

11.3

are described in section 3. In addition, the list of resources produced pursuant to
section 10.8.1 shall also be used by the Conduct Test.

Variables

11.3.1

The day-ahead market calculation engine shall apply the Conduct Test set out in

sections 11.4 and 11.5 to the resources identified by the Constrained Area
Conditions Test in accordance with section 10.8, to identify the following data
sets:

11.3.1.1 The sets of resources that failed the Conduct Test for at least one
financial dispatch data parameter, where:

11.3.1.1.1 BCT}“ designates the resources in a narrow constrained area
that failed the Conduct Test for at least one financial dispatch
data parameter in hour h€ {1, .., 24};

11.3.1.1.2 BCTP“ designates the resources in a dynamic constrained
area that failed the Conduct Test for at least one financial
dispatch data parameter in hour h€ {1, .., 24};
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11.3.1.1.3 BCTF“ designates the resources in a broad constrained area
that failed the Conduct Test for at least one financial dispatch
data parameter in hour h€ {1, .., 24};

11.3.1.1.4 BCT{™? designates the resources that failed the global market
power for energy Conduct Test for at least one financial
dispatch data parameter in hour h€ {1, .., 24};

11.3.1.1.5 BCTP®" designates the resources that failed the local market
power for operating reserve Conduct Test for at least one
financial dispatch data parameter in hour A€ {1, .., 24}; and

11.3.1.1.6 BCTP®C designates the resources that failed the global market
power Conduct Test for operating reserve for at least one
financial dispatch data parameter in hour h € {1,..,24};

11.3.1.2  The following financial dispatch data parameters for all hours
he{l,..,24}:

11.3.1.2.1 PARAME,  designates the set of dispatch data parameters that
failed the energy Conduct Test at bus b € BCTy““ U BCTP“A U
BCTPF y BCTEMF in hour h, and may include the following
dispatch data parameters:

11.3.1.2.1.1 ~ EnergyOffer; designates the non-zero quantity of
energy above the minimum loading point in association
with offer lamination k€ 1(5 pfailed the Conduct Test;

11.3.1.2.2 For all hours prior to and including the last hour where
conditions are met for the energy Conduct Test:

11.3.1.2.2.1 FEnergyToMLF, designates the non-zero quantity of
energy up to the minimum loading point in association with
offer lamination kK € Kf,EMLP failed the Conduct Test;

11.3.1.2.2.2  SUOffer designates the start-up offer failed the Conduct
Test: and

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

11.3.1.2.3 PARAMOR,, ; designates the set of dispatch data parameters
that failed the operating reserve Conduct Test at bus b €
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BCTPRL U BCTPRY in hour h, and may include the following
dispatch data parameters:

11.3.1.2.3 OR10SOffer; designates the non-zero quantity of
synchronized fen-minute operating reserve in association
with offer lamination K € K},f)bs failed the Conduct Test;

11.3.1.2.3 OR10NOffer; designates the non-zero quantity of non-
synchronized ten-minute operating reserve in association
with offer lamination kK € K}If)bN failed the Conduct Test;

11.3.1.2.3 OR30ROffer; designates the non-zero quantity of thirty-
minute operating reserve in association with offer
lamination k€ K3 failed the Conduct Test; and

11.3.1.2.4 For all hours prior to and including the last hour where
conditions are met for the operating reserve Conduct Test:

11.3.1.2.4.1  SUOfter designates the start-up offer failed the Conduct
Test;

11.3.1.2.4.2  SNLOfferdesignates the speed no-load offer failed the
Conduct Test; and

11.3.1.2.4.3  EnergyToMLP, designates the non-zero quantity of
energy up to the minimum loading point in association with

offer lamination k€ K,‘f pfailed the Conduct Test.

11.4 Conduct Test for Enerqy

11.4.1 The day-ahead market calculation engine shall perform the Conduct Test for
energy for resources in a narrow constrained area that were identified pursuant to
section 10.8.1 as follows, subject to sections 11.4.2 and 11.4.3. For each hour

h€{1,..,24}and b€ BCond)“’ the day-ahead market calculation engine shall:

11.4.1.1 Evaluate offers for energy above the minimum loading point: For all
k € K}, », if PDG,, ;. > CTEnMinOffer and
PDGy, i > min(PDGRef, , *(1 + CTEnThresh1"“'), PDGRef, , .+
CTEnT) hreshZNCA) where k' € K,fb, then the Conduct Test was failed
for the resource at bus b and the day-ahead market calculation engine
shall assign the resource to subset BCT) “* and add EnergyOlffer, to
PARAME), ;
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11.4.1.2 Evaluate offers for energy for the range of production up to the
minimum loading point: For all hours prior to and including the hour
that qualified to be tested under the Constrained Area Conditions Test,
for all k€ K ,)""", if PLTMLB,,,;,> CTEnMinOffer and
PLTMLP, . > min(PLTMLPRef;, p,,*(1+CTEn Thresh1V¢4),
PLTMLPRef, ), + CTEnThresh2 NeAY  where k'€ K| ,f 1. then the
Conduct Test was failed for the resource at bus b and the day-ahead

market calculation engine shall assign the resource to subset BCT“4
and add EnergyToMLP, to PARAME}, , and PARAMOR,, .

11.4.1.3  Evaluate start-up offers: For all hours prior to and including the hour
where conditions are met for the Constrained Area Conditions Test in
section 10 , if SUDG,,, > SUDGRef;, ,*(1 + C TSUThresh"?), then the
Conduct Test was failed for the resource at bus b and the day-ahead
market calculation engine shall assign the resource to subset BCT}'“4
and add SUOfferto PARAME}, ;, and PARAMOR)}, ;,; and

11.4.1.4 Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNL;, ,> SNLRef;, ,*(1 +
CTSNLThreshV“), then the Conduct Test was failed for the resource
at bus b and the day-ahead market calculation engine shall assign the
resource to subset BC 7,‘;\/ ¢4 and add SNLOfferto PARAME, np.and
PARAMOR,, .

11.4.2 For resources identified pursuant to section 10.8.1 in a dynamic constrained area

or broad constrained area, the day-ahead market calculation engine shall use the
steps in section 11.4.1 , using resources in BCond?“4 or BCond?“*, as the case
may be, in place of BCond}“* and using the applicable Conduct Test thresholds
CTEnThresh1P“A_CTEnThresh2P4_CTEnThresh1%“4_CTEnThresh2%%,
CTSUThresh®“4,_CTSUThresh®“4_CTSNLThresh”“, CTSNL Thresh®‘4_1f any
of the financial dispatch data parameters of a resource fail the Conduct Test, the
resource shall be assigned to subset BCTY“4 or BCTP“A, as the case may be.

11.4.3 For resources identified pursuant to section 10.8.1 that were selected for global

market power mitigation testing for energy, the day-ahead market calculation
engine shall use the steps in section 11.4.1, using resources in BCond3"" in place
of BCond)“* and the applicable global market power Conduct Test thresholds
CTEnThresh1“Mf_CTEnThresh2“MF_CTSUThresh®™’,_ CTSNLThresh®™f_1f
any of the applicable financial dispatch data parameters of a resource fails the
Conduct Test, the resource shall be assigned to subset BCTFMP,
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1144 If a resource is assigned to more than one of the sets, BCond)“, BCondP*,

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

11.5 Conduct Test for Operating Reserve

11.5.1 The day-ahead market calculation engine shall perform the Conduct Test for

local market power for operating reserve for resources that were identified

pursuant to section 10.8.1, as follows, subject to 11.5.3. For each hour

h€{1,..,24}and b€ BCond:’* U BCond:®¥ U BCond:"¥, the day-ahead market
calculation engine shall:

11.5.1.1  Evaluate offers for operating reserve as follows:

11.5.1.1.1

for all k € K if PLOSDGy, . > CTORMinOffer and

11.5.1.1.2

P10SDGppc > min (P10SDGRef,), .+ (1 +

CTORThresh1°%"), PI0SDGRef, , . + CTORThresh2™"),

where k' € K,Z 95 then the Conduct Test was failed for the
resource at bus b_and the day-ahead market calculation engine
shall assign the resource to subset BCTf,) Rl and add
OR10SOffer, to PARAMOR), »;

for all k € K3 if PIONDG,, ;> CTORMinOffer and

11.5.1.1.3

PIONDG,,, >min (PIONDGRef, , . *(1 + CTORThresh1”"),

PIONDGRef, , .+ CTORThresh2°™"), where k' € K;}°V, then

the Conduct Test was failed for the resource at bus b and the
day-ahead market calculation engine shall assign the resource
to subset BCT** and add ORI0NOffer, to PARAMOR,, ,; and

11.5.1.14

for all k € K39 if P3ORDGy, x> CTORMinOf fer and
P30RDGy p x > min(P30RDGRefy p e * (1 +
CTORThresh1°RY), P3ORDGRefy, i + CTORThresh29RE),
where k' € K; PR, then the Conduct Test was failed for the
resource at bus b_and the day-ahead market calculation engine

shall assign the resource to subset BCTf,) Rl and add
0R30R0ff€l”kt_OPARAMORthl

for all j € J;5 if P10SDL,, ,; > CTORMinOffer and

P10SDLy,,; > min (P10SDLRef, , .* (1 + CTORThresh1°®"),
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PI10SDLRef, bj‘+CTORThresh2ORL), 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 BCTy" and add ORI 0SOffer, to
PARAMORy, j;

11.5.1.1.5 forallj € J;}" if PIONDL,,,; > CTORMinOffer and

PIONDGy,,; > min (PIONDLRef, , .*(1 + CTORThresh1?®"),

PIONDLRef, , ..+ CTORThresh2"") , where j' € J; 3", then

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

resource to subset BCTf,) R and add ORI ONOffer, to
PARAMORhyb; and

11.5.1.1.6 forallj € J;'X if P30RDL,, ;> CTORMinOffer and
P30RDL,, ;> min (P30RDLRef, , .*(1 + CTORThresh1°®h),

P30RDLRef, , . + CTORThresh2™"), where j € J;70", 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 BCTRL and add OR30ROf fer;, to
PARAMORy, p:

11.5.1.2  Evaluate start-up offers: For all hours prior to and including the hour
that meets the Constrainted Area Conditions Test, if SUDGy, ;, >
SUDGRef,, (1 + CTSUThresh®R), then the Conduct Test was failed
for the resource at bus b_and the day-ahead market calculation engine
shall assign the resource to subset BCTP*" and add SUOfferto
PARAMOR, , and PARAME}, p,;

11.5.1.3  Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNL; , > SNLRef,,* (1 +
CTSNL Thresh®fh), then the Conduct Test was failed for the resource
at bus b and the day-ahead market calculation engine shall assign the
resource to subset BC T,IORL and add SNLOfferto PARAMOR), , and
PARAME}, , and

11.5.1.4  Evaluate offers for energy for the range of production up to the
minimum loading point: For all hours prior to and including the hour
that meets the conditions test, for all k€ K} ;""" if
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PLTMLP, ), > CTEnMinOfferand

PLTMLP, . > min(PLTMLPRef;,,*(1 + CTEnThresh1 %Y,
PLTMLPRef, ,, + CTEnThresh29RY), where k'€ K-, then the
Conduct Test was failed for the resource at bus b_and the day-ahead

market calculation engine shall assign the resource to subset BCT{ R
and add EnergyToMLF, to PARAMOR,, and PARAME}, .

11.5.2 The day-ahead market calculation engine shall perform the Conduct
Test for global market power for operating reserve for resources that
were identified pursuant to section 10.8.1. The day-ahead market
calculation engine shall use the steps set out in section 11.5.1 using
resources in BCond$M"%5_ BCondiM™N_and BCond{™"k in place
of BCond'’S, BCond:"", and BCond3°®, respectively, and the
applicable Conduct Test thresholds CTORThresh1 k¢,
CTORThresh29R¢_CTSUThreshPR¢_ CTSNL Thresh®RC,
CTEnThresh19R¢_CTEnThresh2R¢. The resources shall be assigned
to the subset BCTPRC,

11.5.3 If a resource is assigned to more than one of BCondiM™%%,
BCondi™N_and BCond§M only the Conduct Test with the most
restrictive threshold levels shall be performed for that resource.

11.6  Outputs

11.6.1 Subject to section 11.6.2. the outputs of the Conduct Test shall include the
following for each hour ~ € {1, .., 24}:

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

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

11.6.1.3 A revised set of financial dispatch data parameters for resources that
failed a Conduct Test with dispatch data parameters that failed the
Conduct Test replaced with reference level values. For offers for
energy and operating reserve with multiple laminations:

11.6.1.3.1 if the offer lamination for energy that corresponds to the
minimum loading point fails the Conduct Test, the day-ahead
market calculation engine shall replace all offer laminations for
energy up to the minimum loading point;
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11.6.1.3.2 if one or more offer laminations for energy above the minimum
loading point fails the Conduct Test, the day-ahead market
calculation engine shall replace all offer laminations for energy
up to and above the minimum loading point; and

11.6.1.3.3 if one or more offer laminations for operating reserve fails the
Conduct Test, the dayv-ahead market calculation engine shall
replace all offer laminations for operating reserve.

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

12 Reference Level Scheduling

12.1 Purpose

12.1.1 The day-ahead market calculation engine shall perform the Reference Level
Scheduling algorithm where at least one financial dispatch data parameter for a
resource failed the Conduct Test in section 11.

12.1.2 The Reference Level Scheduling algorithm shall perform a security-constrained
unit commitment and economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants, including reference
level value for resources subject to section 12.2.2, to meet the /ESO s average
province-wide non-dispatchable demand forecast and IESO-specified operating
reserve requirements for each hour of the next dispatch day.

12.2 Information, Sets, Indices and Parameters

12.2.1 Information, sets, indices and parameters used by the Reference Level Scheduling
algorithm are described in section 3 and 4. In addition, the list of resources that
failed the Conduct Test from section 11.6.1.1 and a revised set of financial
dispatch data parameters from section 11.6.1.3, for those resources shall be used
by the Reference Level Scheduling algorithm.

12.2.2 The Reference Level Scheduling algorithm shall use the reference level value that
corresponds to any financial dispatch data parameter submitted for a resource
that failed the Conduct Test.
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12.3

Variables and Objective Function

12.3.1

The day-ahead market calculation engine shall solve for the variables listed in

12.3.2

section 8.3.1.

The objective function for the Reference Level Scheduling algorithm shall be the

12.4

same as the objective function in section 8.3.2. subject to section 12.4.

Constraints

12.4.1

The constraints in sections 8.4 through 8.7 apply in the Reference Level

12.5

Scheduling algorithm, except that the sensitivities and limits considered for /ESO
internal transmission limits shall be those provided by the most recent security
assessment function iteration of the Reference Level Scheduling algorithm.

Outputs

12.5.1

Outputs of the Reference Level Scheduling algorithm include resource schedules

13

and commitments.

Reference Level Pricing

13.1

Purpose

13.1.1

The day-ahead market calculation engine shall perform the Reference Level

13.1.2

Pricing algorithm whenever the Reference Level Scheduling algorithm has been
performed.

The Reference Level Pricing algorithm shall perform a security-constrained

13.2

economic dispatch to maximize gains from trade using dispatch data submitted
by registered market participants, reference level values for resources subject to
section 13.2.2, and resource schedules and commitments produced by the
Reference Level Scheduling algorithm, to meet the JESO s average province-wide
non-dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.

Information, Sets, Indices and Parameters

13.2.1

Information, sets, indices and parameters used by the Reference Level Pricing

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

13.2.1.1 SDG%% which designates the amount of energy that a dispatchable

generation resource is scheduled to provide above MinQDG, at bus
b€ BELR Gy BHE in hour h € {1, .., 24} in association with lamination

13.2.1.2 ODG,%S designates whether the dispatchable generation resource at

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

132.1.3  S10SDGFE,. which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus » € B U B7E in hour A € {1,.., 24} in association
with lamination k€ K}zf’bs :

13.2.14 .S‘lONDG,%’Sk, which designates the amount of non-synchronized ten-

minute operating reserve that a dispatchable generation resource is

scheduled to provide at bus 6 € 5% U B€ in hour h€ {1, .., 24}.in

association with lamination k€ K3%";

13.2.1.5  S30RDG/%,. which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BFLR U BE in hour A€ {1, .., 24} in association
with lamination k€ hf)bR;ﬂi

13.2.1.6 OHOI%S, which designates whether the dispatchable hydroelectric

oeneration resource at bus b € B"E has been scheduled at or above
MinHOy, in hour K€ {1,.., 24},

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

13.3 Variables and Objective Function

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

13.3.2 The objective function used in the Reference Level Pricing algorithm shall be the

same as the objective function set out in section 9.3.2. subject to section 13.4.
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13.4 Constraints

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

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

alogorithm;

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

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

13.4.1.3.1 SDG}%; shall be replaced by SDG: for all
hefl,.., 24}, be B R uB™ ke ki,

134.1.3.2 ODGZ{?S shall be replaced by ODG%S for all
he{l, .., 24},be B,

13.4.1.3.3 S10SDG; %5 shall be replaced by S10SDGR% for all
he{1,..,24},beB*®u B ek,

13.4.1.3.4 SIONDG; % shall be replaced by SIONDGy:, for all
he{l,..,24},beB* Ry B ek,

13.4.1.3.5 S30RDG; 95 shall be replaced by S30RDG for all
he{l,.., 24}, b€ B uB" ke K 9F; and

13.4.1.3.6 OHO‘;,{?S shall be replaced by OH hff for all
he{l,..,24},b € BHE,

13.5 Outputs

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

13.5.1.1 shadow prices; and
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14

13.5.1.2  locational marginal prices and their components.

Price Impact Test

14.1

Purpose

14.1.1

The day-ahead market calculation engine shall perform the Price Impact Test

14.1.2

whenever at least one financial dispatch data parameter for a resource failed the
Conduct Test.

The Price Impact Test shall:

14.2

14.1.2.1 compare the locational marginal prices for energy or operating
reserve produced by the As-Offered Pricing algorithm with those
produced by the Reference Level Pricing algorithm: and

14.1.2.2  consider the corresponding offer parameters to have failed the Price
Impact Test if the difference in price in section 14.1.2.1 is greater than
the applicable impact threshold in section 4.3.8.

Information, Sets, Indices and Parameters

14.2.1

Information, sets, indices and parameters for the Price Impact Test are described

in sections 3 and 4. In addition, the following locational marginal prices from the
As-Offered Pricing algorithm and the Reference Level Pricing algorithm shall be
used by the Price Impact Test:

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

14.2.1.2 [L30RA, 0P which designates the locational marginal price for thirty-

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

14.2.1.3 LlONbeOP . which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the As-Offered Pricing algorithm;
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14.2.14 LloS}}fl?P . which designates the locational marginal price for

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

14.2.1.5 LM, pr . which designates the locational marginal price for energy at
bus b€ Bin hour A€ {1,.., 24} from the Reference Level Pricing
algorithm;

14.2.1.6  L30RPAL”, which designates the locational marginal price for thirty-

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

14.2.1.7 L10N. pr . which designates the locational marginal price for non-
synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the Reference Level Pricing algorithm; and

14.2.1.8 L10517§§” . which designates the locational marginal price for
synchronized ten-minute operating reserve at bus b € Bin hour
he{l,..,24} from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1 The day-ahead market calculation engine shall apply the Price Impact Test as set
out in sections 14.4 and 14.5 for the resources identified in accordance with
section 10.3.1, to identify:

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

14.3.1.1.1 BIT)“? designates the resources in a narrow constrained area
that failed the Price Impact Test for the locational marginal
price for energy:;

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

14.3.1.1.3 BITP“ designates the resources in a broad constrained area
that failed the Price Impact Test for the locational marginal
price for energy:;
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14.3.1.1.4 BIT{MP designates the resources that failed the global market
power (energy) Price Impact Test for the locational marginal
price for energy;

14.3.1.1.5 BITPRE designates the resources that failed the local market
power (operating reserve) Price Impact Test for at least one
type of locational marginal price for operating reserve;

14.3.1.1.6 BITPRC designates the resources that failed the global market
power (operating reserve) Price Impact Test for at least one
type of locational marginal price for operating reserve; and

14.3.1.1.7 LMPIT;,, designates the locational marginal price that failed
the Price Impact Test for bus b € BITN A U BIT P u
BITEA U BITEMP U BIT2RE U BIT2RC in hour h; and

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

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

14.3.1.2.2 OR10SLMP designates that the locational marginal price for
synchronized ten-minute operating reserve failed the Price

Impact Test;

14.3.1.2.3 OR10NLMP designates that the locational marginal price for
non-synchronized ten-minute operating reserve failed the Price
Impact Test; and

14.3.1.2.4 OR30RLMP designates that the locational marginal price for
thirty-minute operating reserve failed the Price Impact Test.

14.4  Price Impact Test for Enerqy

14.4.1 The day-ahead market calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for energy in
section 11.6.1.1. as follows:

14.4.1.1 For local market power for energy:

14.4.1.1.1 For each hour 4 € {1, .., 24} and b€ BCT), if
LMPY" > min(LMBY ™ (1+ ITThresh1VY), LMPL” +
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14.4.1.1.2

ITThresh2V¢), the Price Impact Test was failed by the
resource at bus b_and the day-ahead market calculation engine
shall assign the resource to subset BITy“ and add EnergyLMP
to LMPIT}, .

For each hour 2 € {1,..,24} and b€ BCY}IDCAJ

14.4.1.1.3

LMPYP > min(LMBY ™ (14 ITThresh1°Y),
LM}%%P + ITThresh2”“?), the Price Impact Test was failed by
the resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BITP“ and add
EnergyLMPto LMPIT p,; and

For each hour 2 € {1,..,24} and b€ BCT,?CA,i_f

LMPY" > min(LMBY™ (1+ ITThresh1%Y),
LMBY + ITThresh25¢4), the Price Impact Test was failed by
the resource at bus b and the dav-ahead market calculation

engine shall assign the resource to subset BITP““ and add
EnergyLMPto LMPIT .

14.4.1.2 For global market power for energy:

14.4.1.2.1

For each hour 2 € {1,..,24} and b €E BCT,?MPJ

LMPPP > min(LMB (14 ITThresh1¢MP),
LMB%P + ITThresh2“MP), the Price Impact Test was failed by
the resource at bus b and the day-ahead market calculation

engine shall assign the resource to subset BITFMF and add
EnergyLMPto LMPITy, ).

14.5 Price Impact Test for Operating Reserve

14.5.1 The day-ahead market calculation engine shall perform the Price Impact Test for

resources that were identified in the corresponding Conduct Test for operating

reserve in section 11.6.1.1, as follows:

14.5.1.1 For local market power for operating reserve, for each hour

he{l,

14.5.1.1.1

..,24}and b€ BCTPRE:

If Z30RA)S” > L30RP", then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BITYR
and add OR30RLMPto LMPIT},
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14.5.1.1.2 If LZ1ONA PP > L10NBF, then the Price Impact Test was
failed by the resource at bus b and the dav-ahead market

calculation engine shall assign the resource to subset BITYR
and add OR10NLMPto LMPIT, ;; and

14.5.1.1.3 If L10S. ,L,?P > L10SPL”, then the Price Impact Test was
failed by the resource at bus b and the dav-ahead market

calculation engine shall assign the resource to subset BIT{R
and add OR10SLMPto LMPITy, .

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

14.5.1.2.1 If L30ORBY" > min(L30RBY™ (1+ ITThresh1°7%),
L30RPIP+ ITThresh20RC), then the Price Impact Test was
failed by the resource at bus b_and the day-ahead market

calculation engine shall assign the resource to subset BITYR¢
and add OR30RLMPto LMPIT,, ;.

14.5.1.2.2 If LIONP "> min(L10NP (1+ ITThresh197C),
L1 ONP,f,fP + [TThresh2°R¢), then the Price Impact Test was
failed by the resource at bus b_and the day-ahead market

calculation engine shall assign the resource to subset BITPRC
and add OR1ONLMPto LMPIT ;; and

14.5.1.2.3 1f L10SPY" > min(L10SPY™(1+ITThresh1F%),
L10SPY + ITThresh29RC), then the Price Impact Test was
failed by the resource at bus b_and the day-ahead market

calculation engine shall assign the resource BITY?¢ and
add OR10SLMPto LMPIT .

14.6 Revised Financial Dispatch Data Parameter
Determination
14.6.1.1 A resource that fails the Price Impact Test shall have its financial dispatch data

parameters revised as follows:

14.6.1.1  If'the resource has failed a Price Impact Test for energy and is in
BIT)YA, BIT?“A, BITP“A, or BITFMP, the dispatch data parameters in
PARAME}, ;, shall be used to determine the dispatch data parameters
that shall be replaced.
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14.6.1.2  If the resource has failed a Price Impact Test for operating reserve and

is in BITYRE or BIT?RC the dispatch data parameters in PARAMOR,, },
shall be used to determine the dispatch data parameters that shall be
replaced.

14.6.1.3  If a non-quick-start resource has failed a Price Impact Test in any

hour, the commitment cost parameters that failed the corresponding
Conduct Test shall be replaced with the resource’s applicable
reference level value for that hour. For any hours prior, any
commitment cost parameters for that resource that failed the Conduct
Test shall be replaced with the resource’s applicable reference level
values in those hours. This is expressed as:

14.6.1.3.1 For each hour 4 € {1, .., 24} and all b€ BY?S such that b€
BITY“4u BITP“Y U BITF“Y U BITE™F, for hours prior to and
including the hour that failed the Price Impact Test,
He{1,..,h.if be BCTY““u BCTHY u BCTEA v BCTSM?
and PARAME};;, contains any of the commitment cost
parameters SUOffer, SNLOffer, or EnergyToMLPF,, these
parameters shall be replaced with reference levels.

14.6.1.4  Section 14.6.1.3 shall apply to the tests for local market power and

global market power for operating reserve, except PARAMOR ;;, shall
be checked in place of PARAME} .

14.6.1.5 If a resource is in a narrow constrained area or a dynamic constrained

area and has failed a Price Impact Test, each resource in the same
narrow constrained area or dynamic constrained area that also failed
the corresponding Conduct Test shall have its offer data replaced with
its applicable reference level value for that hour. For each hour
he{l,..,24}:

14.6.1.5.1.1 _if BIT}“ includes one or more resource in a narrow

constrained area, n, each resource b € BCTY“? for the narrow
constrained area, n, shall have the parameters in PARAME, ;,
replaced with its reference level values; and

14.6.1.5.1.2 _if BITP“Y includes one or more resources in a dynamic

constrained area, d, each resource b € BCTP for dynamic
constrained area, d, shall have the parameters in PARAME, ,
replaced with its reference level values.
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14.6.1.6  If a non-quick-start resource in a narrow constrained area or a
dynamic constrained area has failed a Price Impact Test, each non-
quick start resource in the narrow constrained area or dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that hour. For any hours prior, if a non-quick-
start resource in that narrow constrained area or dynamic constrained
area has a commitment cost parameter that failed the Conduct Test,
that commitment cost parameter shall be replaced with the resource’s
applicable reference level value in those hours. This is expressed as:

14.6.1.6.1 For all hours up to the hour in which a resource failed the Price
Impact Test for a narrow constrained area, for all b€ BCTN4,
if PARAME), ; contains any of the commitment cost parameters
SUOfter, SNLOffer, or EnergyToMLP,, replace these
parameters with reference level values.

14.6.1.6.2 For all hours up to the hour in which a resource failed the Price
Impact Test for a dynamic constrained area, for all
b€ BCTP4, if PARAME},;, contains any of the commitment
cost parameters SUOfter, SNLOffer, or EnergyToMLPF,,
replace these parameters with reference level values.

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

14.6.1.7.1 For each hour h€{1,.., 24},iBIThORL includes one or more
resources in operating reserve region, r, all
resources, b € BITPR for operating reserve region, r, shall
have the parameters in PARAMOR), ;, replaced with reference
level values.

14.6.1.8  If a non-quick start resource fails the local market power for operating
reserve Price Impact Test in any hour, the commitment cost
parameters for all non-quick start resources in the same operating
reserve region with a non-zero operating reserve minimum
requirement that failed the corresponding Conduct Test shall be
replaced with the resource’s applicable reference level value for that
hour. For any hours prior, any commitment cost parameters of non-
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14.7

quick start resources that failed the Conduct Test shall be replaced
with the resource’s applicable reference level value in those hours.
This is expressed as:

14.6.1.8.1 For all hours up to the hour in which a resource failed the Price

Impact Test for 7, for all b€ BCTPRL if PARAME, ', p.CONtAINS
any of the commitment cost parameters SUOffer, SNLOffer, or
EnergyToMLP,, replace these parameters with reference level
values.

Outputs

14.7.1

The day-ahead market calculation engine shall prepare the following outputs for

14.7.1.1

each hour h€{1,.., 24}:

The set of resources that failed the Price Impact Test, by condition, in

14.7.1.2

accordance to sections 14.4 and 14.5;

The locational marginal prices for energy and operating reserve that

14.7.1.3

failed the Price Impact Test for each resource at bus b in accordince to
sections 14.4 and 14.5; and

A revised set of offer data for resources that failed the Price Impact

14.7.2

Test, replacing offer data that failed the Conduct Test with the
applicable reference level values, in accordance with section 14.6.

The day-ahead market calculation engine shall not replace financial

dispatch data parameters for a resource with that resource’s
applicable reference level value if the dispatch data is less than the
reference level value.

15 Mitigated Scheduling

15.1

Purpose

15.1.1

The day-ahead market calculation engine shall perform the Mitigated Scheduling

15.1.2

algorithm if at least one resource failed the Price Impact Test in section 14.

The Mitigated Scheduling algorithm shall perform a security-constrained unit

commitment and economic dispatch to maximize gains from trade using dispatch

data submitted by registered market participants, including resource reference

level values subject to section 15.2.2. to meet the /ESO’s average province-wide
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non-dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.

15.2 Information, Sets, Indices and Parameters

15.2.1 Information, sets, indices and parameters used by the Mitigated Scheduling
algorithm are described in section 3 and 4. In addition, the Mitigated Scheduling
algorithm shall use the list of resources that failed the Price Impact Test and a
revised set of financial dispatch data parameters for those resources.

15.2.2 For resources identified in section 14.7.1. the Mitigated Scheduling algorithm
shall use reference level value for any financial dispatch data parameters that
failed the Conduct Test.

15.3 Variables, Objective Function and Constraints

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

15.3.2 The objective function for the Mitigated Scheduling algorithm shall be the same
as the objective function in section 8.3.2. subject to the constraints in sections 8.4
through 8.7. The sensitivities and limits used in section 8.7.3 shall be replaced
with those provided by the most recent security assessment function iteration in
the Mitigated Scheduling algorithm.

15.4 Outputs

154.1 Outputs of the Mitigated Scheduling algorithm include resource schedules and
commitments.

16 Mitigated Pricing

16.1 Purpose

16.1.1 The day-ahead market calculation engine shall perform the Mitigated Pricing
algorithm if the day-ahead market calculation engine performs the Mitigated
Scheduling algorithm.

16.1.2 The Mitigated Pricing algorithm shall perform a security-constrained economic

dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, resource reference level value subject to section
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16.2

16.2.2. and resource schedules and commitments produced by the Mitigated

Scheduling algorithm, to meet the /ESO s average province-wide non-

dispatchable demand forecast and IESO-specified operating reserve requirements

for each hour of the next dispatch day.

Information, Sets, Indices and Parameters

16.2.1

Information, sets, indices and parameters used by the Mitigated Pricing algorithm

are described in sections 3 and 4. In addition, the following resource schedules

and commitments from the Mitigated Scheduling algorithm shall be used by the

Mitigated Pricing algorithm:

16.2.1.1

16.2.1.2

16.2.1.3

16.2.1.4

16.2.1.5

16.2.1.6

.S'DGZIgI « designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus
b€ BELR Gy BHE in hour h € {1, .., 24} in association with lamination
k€ K

ODG}"; designates whether a dispatchable generation resource at bus

b € BPC was scheduled at or above its minimum loading point in hour
he{l,..,24};

ﬂOSDGzﬁ rdesignates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is scheduled
to provide at bus b€ BLX u BE in hour A€ {1, .., 24} in association
with lamination kK € K}If)bs :

.S‘lONDGZ[lf’ rdesignates the amount of non-synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € BFR U BE in hour A€ {1, .., 24} in association

with lamination k€ K}If)bN N

.SBORDG%g, rdesignates the amount of thirty-minute operating reserve
that a dispatchable generation resource is scheduled to provide at bus
b e BFLRY BYE in hour h € {1,.., 24} in association with lamination
ke h,obRsﬂd

OHOZIZ designates whether a dispatchable hydroelectric generation
resource at bus b € BF has been scheduled at or above MinHO), , in
hour K€ {1,..,24}.
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16.2.2 For each resource identified in section 14.7.1. the Mitigated Pricing
aleorithm shall use such resource’s reference level value for any
financial dispatch data parameters that failed the Conduct Test.

16.3 Variables and Objective Function

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

16.3.2 The objective function for the Mitigated Pricing algorithm shall be the same as
the objective function in section 9.3.2. subject to section 16.4.

16.4 Constraints

16.4.1 The constraints that apply in the Mitigated Pricing algorithm shall be the same as

the constraints in sections 9.4 through 9.8, with the following exceptions:

16.4.1.1 The marginal loss factors used in the energy balance constraint in
section 9.7.1 shall be fixed to the marginal loss factors used in the last
iteration of the optimization function in the Mitigated Scheduling

algorithm.

16.4.1.2  The sensitivities and limits used in section 9.7.3 shall be replaced with
those provided by the most recent security assessment function
iteration in the Mitigated Pricing algorithm.

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

16.4.1.3.1 SDG95 shall be replaced by SDG); , for all
hefl,.., 24}, be B RUB" keK),,

16.4.1.3.2 ODGZ{%)S shall be replaced by ODG%? for all
he{l,..,24},be B,

16.4.1.3.3 SI0SDG;55 shall be replaced by S10SDG); , for all
he{l,.., 24}, be B u B keK];

16.4.1.3.4 SIONDG,%; shall be replaced by SIONDG); , for all
he{l,..,24},be B U B keK ),
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16.5

16.4.1.3.5 S30RDG}142§( shall be replaced by S30RDG%;§,{ for all
he{l,..,24}, b€ B*®uB" ke K;F; and

2 ==

16.4.1.3.6 OHO;9" shall be replaced by OHO}; for all
he{l,..,24},beBE,

Outputs

16.5.1

Outputs of the Mitigated Pricing algorithm include the following:

17

16.5.1.1 Shadow prices: and

16.5.1.2  Locational marginal prices and their components.

Pass 2: Reliability Scheduling and

17.1

Commitment

Purpose

17.1.1

Pass 2 shall use market participant and IESO inputs along with resource and

18

system constraints to determine a set of resource schedules and commitments.
Pass 2 shall consist of the Reliability Scheduling algorithm described in section
18.

Reliabilty Scheduling

18.1

Purpose

18.1.1

The Reliability Scheduling algorithm shall use dispatch data submitted by

registered market participants and perform a security-constrained unit
commitment and economic dispatch to meet the /ESO s peak province-wide non-
dispatchable demand forecast and IESO-specified operating reserve requirements
for each hour of the next day to minimize the cost of additional commitments.
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18.2

Information, Sets, Indices and Parameters

18.2.1

Information sets, indices and parameters used by the Reliability Scheduling

aleorithm are described in sections 3 and 4. The Reliability Scheduling aleorithm

shall also use the following:

18.2.1.1  resource schedules, commitments, and locational marginal prices

from Pass 1, where:

18.2.1.1.1

18.2.1.1.2

18.2.1.1.3

18.2.1.14

18.2.1.1.8

18.2.1.1.6

18.2.1.1.7

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

SDG}L prdesignates the amount of energy that a dispatchable
generation resource is scheduled to provide above
MinQDG), at bus b € B Ry B in hour A€ {1,.., 24} in
association with lamination X € K,b; b

ODG}L p.designates whether a dispatchable generation resource
at bus b € B”% was scheduled at or above its minimum loading
point in hour A€ {1,.., 24};

5'10506',17’ prdesignates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource s

scheduled to provide at bus b € BFLR y BE in hour

he{l,.., 24} in association with lamination k€ K}If)bs N

5'10NDG}L prdesignates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € BFLR U B7E in hour

he€{1,..,24} in association with lamination k€ K}fb’v :

.SBORDG}L p i, designates the amount of thirty-minute operating
reserve that a qualified dispatchable generation resource is
scheduled to provide at bus b € B8 U BE in hour
he€{1,..,24} in association with lamination k€ Kf;f)bR;

516’,1,,‘1, rdesignates the amount of energy that a boundary entity
resource is scheduled to import at intertie zone bus d € D/ in
hour ~ € {1, .., 24} in association with lamination kK € Ki a
and
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18.2.2

18.2.1.1.8 LM}}}, p.designates the locational marginal price in hour

18.2.1.2

he{l,..,24}atbus be BFRy B, and

the buses identifying either single energy limited resources or multiple

dispatchable hydroelectric generation resources with a registered
forebay, and the subset of resources with a binding maximum daily

energy limit constraint from Pass 1:

18.2.1.2.1 BMM=BELR y (BHE for all s € SHE} designates the set of buses

identifying either energy limited resources or dispatchable
hydroelectric generation resources sharing a maximum daily
energy limit; and

18.2.1.2.2 BBND < BLIM {esionates the subset of buses identifying either

energy limited resources, or dispatchable hydroelectric
generation resources sharing a maximum daily energy limit,
with a binding maximum daily energy limit constraint from
Pass 1, where:

a maximum daily energy limit shall be considered binding if the
criteria in sections 9.8.2 and 9.8.3.6 are met using ODG}L e

SDG} 1o S10SDG} 1 SLONDG} . .and S30RDG .

The Reliability Scheduling algorithm shall use reference level value for any

18.2.3

financial dispatch data parameters that failed the Conduct Test associated with

resources identified in section 14.7.

Dispatchable loads, non-dispatchable generation resources, and the energy

offered above minimum loading point for dispatchable generation resources shall

be evaluated in the Reliability Scheduling algorithm as follows:

18.2.3.1

18.2.3.2

PRucDLy,,; designates the energy price for incremental energy
consumption in hour 4 € {1, .., 24} at dispatchable load bus b € BPL
in association with bid lamination j € /f, s Where:

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

PRuc10SDLy p, ; designates the price of being scheduled to provide
synchronized fen-minute operating reserve in hour h€ {1, .., 24} at
dispatchable load bus b € BPL in association with offer lamination j €

],11,(},5 where:

PRucl0 SDLh,b,j = min(nIP]' OSDL}I,b,/’);-
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18.2.3.3  PRuclONDL,;,; designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour h€ {1, .., 24}
at dispatchable load bus b € BP" in association with offer lamination
JE /}If)bN where:

PRucl0NDLy,,; = min(n,PLONDLy,));

18.2.3.4  PRuc30RDL,,,; designates the price of being scheduled to provide

thirty-minute operating reserve in hour h € {1, .., 24} at dispatchable

load bus b € BP" in association with offer lamination j € /39, where:

PRuc30RDLy,, ; = min(n, P30RDLy, ):

18.2.3.5 PRucNDG}, designates the energy price for incremental generation
in hour # € {1, .., 24} at non-dispatchable generation resource bus
b € BNP¢ in association with offer lamination & € K7, ,. where:

PRucNDG), ;= min(n, PNDGy, )

18.2.3.6  PRucDG,,; designates the energy price for incremental generation in
hour A€ {1, .., 24} at dispatchable generation resource bus b € B’¢
in association with offer lamination k € K,"j p Where:

PRucDGy,, ;o= min(n, PDGp )

18.2.3.7  PRucl105DGy, ;. designates the price of being scheduled to provide
synchronized ten-minute operating reserve in hour h€ {1, .., 24} at
dispatchable generation resource bus b € B”C in association with offer
lamination k€ K},f)bs where:

PRLIClOSDG/],hk = min(n, PlOSDG[],b,k)..L

18.2.3.8  PRucl0NDG,, ;. designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour h€ {1, .., 24}
at dispatchable generation resource bus b € B¢ in association with
offer lamination k€ K},fw . where:

PRuclONDGy, = min(n, PLONDG}, i)

18.2.3.9  PRuc30RDG} ), designates the price of being scheduled to provide
thirty-minute operating reserve in hour h € {1, .., 24} at dispatchable
generation bus » € B¢ in association with offer lamination k € bf)le

where:
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PRuc30RDG,,;,, =min(n, PRORDG}, ;).
where:

n=3$0.10/MWh;

18.2.4 For the set of resources identified in the buses in section 18.2.1.2. incremental
quantities of energy at or above minimum loading point shall be evaluated in the
Reliability Scheduling algorithm as follows:

18.2.4.1 Q1DGy,,  designates an incremental quantity of energy that a resource
may be scheduled to provide in hour 4 € {1, .., 24} in association with
offer lamination k € K,’f p.and corresponding to the Pass 1 scheduled
portion of the lamination, where:

QLDG, i = SDGy 1

18.2.4.2  P1DGy,, designates the price for the incremental quantity of energy
that a resource may be scheduled to provide in hour h € {1,..,24} in
association with offer lamination k& € K,"j p.and corresponding to the
Pass 1 scheduled portion of the lamination, where:

PlDG/I,b,k = mI'I](PDG]Lb’k, — LM}}}’b)j_

18.2.4.3  (2DGy  designates an incremental quantity of energy that a resource
may be scheduled to provide in hour 4 € {1, .., 24} in association with
offer lamination X € K7, , and corresponding to the Pass 1 unscheduled
portion of the lamination, where:

@2DG = QDG — SDG}p i and

18.2.4.4 P2DGy ) ,_designates the price for the incremental quantity of energy
that a resource may be scheduled to provide in hour A€ {1, .., 24} in
association with offer lamination k € K,"j p.and corresponding to the
Pass 1 unscheduled portion of the lamination, where:

max(n, PDGy, . — LMP; ) if b € BBND

P2DG = .
hbk {min (n, PDGpp 1) otherwise

18.3 Variable and Objective Function

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

Appendix 7.6A-154 MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



18.3.2

The objective function for the Reliability Scheduling algorithm shall be the same

18.3.3

as the objective function in section 8.3.2. with the following exceptions:

18.3.2.1 The day-ahead market calculation engine shall remove the variables
for price responsive loads (SPRLy ). virtual transaction bids

(PVBy,,, QVBy,,, ), and virtual transaction offers (PVOy,,,1,@VOp, 1)
from the objective function;

18.3.2.2  The day-ahead market calculation engine shall add the following
variables to the objective function:

18.3.2.2.1 S1DG, . designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B“M in
hour A€ {1,.., 24} in association with lamination k€ K,’f b
corresponding to the Pass 1 scheduled portion of the
lamination; and

18.3.2.2.2 S2DGy, i designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B“M in
hour 2 € {1, .., 24} in association with lamination k& € 1(5 b
corresponding to the Pass 1 unscheduled portion of the
lamination;

18.3.2.3  The objective function coefficients for dispatchable loads, non-
dispatchable generation resources and dispatchable generation
resources shall be modified to reflect the price of incremental energy
from such resources as specified in section 18.2.3; and

18.3.2.4 The objective function coefficients for single energy limited resources
and multiple dispatchable hydroelectric generation resources with a
registered forebay shall be modified to reflect the pricing of the Pass 1
scheduled and unscheduled portions as specified in section 18.2.4.

The objective function for the Reliability Scheduling algorithm shall minimize the

cost of additional commitments by maximizing the following expression:

Z (ObjDLh — ObjHDR,, + ObjXL,, — OijDGh)

— ObjDGy — ObjIG, — TBy, — ViolCost,
h=1,.,24

where:
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0bjDL),
Z SDLh,b,j ' PRuCDLh'bJ - Z S].OSDLh’bJ' ' PRuClOSDLh’bJ

_ i€k jeny
bepDL Z SlONDLth,]' " PRHClONDLh,b’j - Z S30RDLh,b,j - PRHCBORDL;l’bU,'
Jeng JELY

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

bepHDR \ jeF )
Z SXLh,d,j - PXLh,d,j - Z SlONXLh'd'}' * PlONXLh‘d,j
objxt, = 3 |1
h =
deEDX - Z S3ORXLh,d,j 'P3ORXLh,d,j
€y

ObJNDGh = z z SNDGh,b,k . PRuCNDGh,ka

NDG E
beB keky

ObjDG,

= Z Z SDGh,b,k ' PRuCDGth,k

beBPG, beplIM \pekf,

+ Z Z (SlDGh,b,k " PlDGh,b,k + SZDGh,b,k - PZDGth,k)

TIM E
bes kEK} 1,

S]_OSDGh’b‘k ' PRuclOSDGth’k +

N keKSS
bEBDG Z SlONDGh’b,k " PRuClONDGh'b’k + Z S3ORDGh_'b’k * PRuC3ORDGh,b’k
kEK.,i%N kEKﬁ_‘})R
+ Z (0DG,, - MGODG,, + IDG,, -SUDG,, )
bepNe@S

Z SIGh,d,k * PIGh,d,k + Z SlONIGh’d’k * PlONIGh‘d,k

ObilG Z kekf kekioN
Jibp = :E:
deDI + S3ORIG}[’d,k . PSORIGh,d’k

30R
kEKp 4
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18.3.3.1 The tie-breaking ( 75,) and the violation cost ( ViolCost},) terms used
shall be the ones defined in sections 8.3.1 and 8.3.2.

18.4 Constraints

18.4.1 The Reliability Scheduling algorithm optimization shall apply the constraints
described in sections 18.5 through 18.7 and 18.8.

18.5 Dispatch Data Constraints Applying to Individual Hours

18.5.1 Scheduling Variable Bounds and Commitment Status Variables

18.5.1.1 The constraints shall be the same as in section 8.5.1 with the following
exceptions:

18.5.1.1.1 the constraints applying to price responsive loads in section
8.5.1.6 shall be removed; and

18.5.1.1.2 the constraints applying to virtual transaction bids and offers in
section 8.5.1.6 shall be removed.

18.5.2 Resource Minimums and Maximums

18.5.2.1 The constraints in section 8.5.2 shall apply for dispatchable loads,
non-dispatchable generation resources and inadvertent payback
transactions.

18.5.2.2  The constraints in section 8.5.2 shall apply for dispatchable generation
resources, except the alternative forecast (AFG, ) is replaced with the
IESO’s centralized forecast (FGj, ). That is:
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18.5.3

min(MaxDGy, ,,FG,,) if b € BVG

AdjMaxDGy;, = {MCIXDGh,b otherwise

and
AdelnDGth == min(MinDGh‘b,AdeaxDGhlb)
Then, for all hours /2 € {1, ..,24} and all buses b €

BDG.

Ade[nDGh‘b = ManDGb . ODGh_b + Z SDGh‘ka
keKE ),

= Adea.XDGth

Operating Reserve Requirements

18.5.4

18.5.3.1 The constraints in section 8.5.4 shall apply for operating reserve
requirements.

Pseudo-Units

18.5.5

18.5.4.1 The constraints in section 8.5.5 shall apply for pseudo-units.

Dispatchable Hydroelectric Generation Resources

18.5.6

18.5.5.1 The constraints in section 8.5.6 shall apply for dispatchable
hydroelectric generation resources.

Wheeling Through Transactions

18.6

18.5.6.1  The constraints in section 8.5.7 shall apply for wheeling through
transactions.

Dispatch Data Inter-Hour/Multi-Hour Constraints

18.6.1

Energy Ramping

18.6.2

18.6.1.1 The constraints in section 8.6.1 shall apply for energy ramping.

Operating Reserve Ramping

18.6.2.1 The constraints in section 8.6.2 shall apply for operating reserve
ramping.
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18.6.3 Non-Quick-start Resources

18.6.3.1 The constraints in section 8.6.3 shall apply for non-quick start
resources.

18.6.4 Energy Limited Resources

18.6.4.1 The constraints in section 8.6.4 shall apply for energy limited
resources.

18.6.5 Dispatchable Hydroelectric Generation Resources

18.6.5.1 The constraints in section 8.6.5 shall apply for dispatchable
hydroelectric generation resources.

18.7 Constraints for Reliability Requirements

18.7.1 Energy Balance

18.7.1.1 The constraint in section 8.7.1 shall apply in the Reliability Scheduling
aleorithm, with the following exceptions:

18.7.1.1.1 price responsive loads shall be removed from the total amount
of scheduled energy withdrawals, Withy,;, in section 8.7.1.1;

18.7.1.1.2 the net withdrawal for virtual transaction zones, VWith;, ,, in
sections 8.7.1.2 and 8.7.1.6 shall be removed; and

18.7.1.1.3 the Reliability Scheduling algorithm shall use the /ESO s peak
province-wide non-dispatchable demand forecast (PFL), in

place of the /JESO s average province-wide non-dispatchable
demand forecast (AFLy).

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

With, ,
Z DLy ; if b e BPL
_ J€Thp
Z (QHDRy,, ; — SHDRy ;) if b € BHDR
J€lkp
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18.7.1.3  The total amount of energy withdrawals scheduled at intertie zone bus

d€ DXinhour K€ {1,.., 24}, With,, 4, shall be:

Withh’d - Z SXLh,d,_f

}'Eff,d

18.7.1.4  The total amount of energy injections scheduled at internal bus b€ B

in hour # € {1, .., 24}, Inj ;,, shall be:

Inj,, = Of ferinj, , + RampInj,

where:
Of ferInjy
Z SNDGy, p x if be BNDG
_ KEKE ),
0DGy p, - MinQDGy, + Z SDGp p i if be BP¢
kEKEb
and
RamplInjy ),
Z RampEy,,, * IDG . p if b€ BNOS
= w=1l.min(RampHrsp,24—h)
0 otherwise

18.7.1.5 The total amount of energy injections scheduled at intertie zone bus

d€ Dlin hour h€ {1, .., 24}, Injj, 4 shall be:

Injyq = Z SIGy g -

E

18.7.1.6  Energy injections and withdrawals at each bus shall be multiplied by

one plus the marginal loss factor from the security assessment function
to reflect the losses or reduction in losses that result when injections or
withdrawals occur at locations other than the reference bus. These
loss-adjusted energy injections and withdrawals must then be equal to
each other, after taking into account the adjustment for any
discrepancy between total and marginal losses. Load or generation
reduction associated with the demand constraint violation shall be
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subtracted from the total load or generation to allow the day-ahead

market calculation engine to produce a solution. For hour
he{l,..,24}:

PFL, + Z (1 +Mgllossyy) - Withy,
bepPLypHDR

+ Z (1 +MglLossy 4) - Withy, 4
deDx

_ Z SLdViol,,,
['=1--NLdVioih

— Z (1 + MglLossy,,) - Inj,
pecpNDG DG

+ Z (14 MglLossyg) - Injq
depI

— Z SGenViol, ; + LossAdjy,.

i=1--NGenVio£h

18.7.2.1 The constraints in section 8.7.2 shall apply for operating reserve.

18.7.3.1 The constraints in section 8.7.3 shall apply for /ESO internal
transmission limits. The sensitivities and limits applied shall be
provided by the most recent security assessment function iteration of
the Reliability Scheduling algorithm, with the following exceptions:

18.7.3.2  The terms for price responsive loads in sections 8.7.3.3 and 8.7.3.4

18.7.3.3  The terms for bids and offers for virtual transactions in sections

18.7.4.1 The constraints in section 8.7.4 shall apply for intertie limits.

18.7.2 Operating Reserve Requirements
18.7.3 IESO Internal Transmission Limits
shall be removed: and
8.7.3.3 and 8.7.3.4 shall be removed.
18.7.4 Intertie Limits
18.7.5 Penalty Price Variable Bounds

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-161




18.8

18.7.5.1  The constraints in section 8.7.5 shall apply for penalty price variable
bounds.

Constraints to Respect Pass 1 Decisions

18.8.1

The Reliability Scheduling algorithm shall not schedule energy import schedules

18.8.2

for boundary entity resources below those import schedules determined in Pass 1.
For all hours 4 € {1, .., 24} and intertie zone buses d € DI that are not part of a
wheeling through transaction:

Z SIG a1 = Z SIGE 4

E E
keKE kekE

The Reliability Scheduling algorithm shall not schedule energy export schedules

18.8.3

for boundary entity resources above those export schedules determined in Pass 1.
For all hours 2 € {1, .., 24} and intertie zone buses d € DX that are not part of a
wheeling through transaction:

The Reliability Scheduling algorithm shall not de-commit dispatchable

18.8.4

generation resources committed in Pass 1. For all hours 4 € {1, .., 24} and buses
be BP¢:

0DGy, ), = ODG, ),

For single energy limited resources and multiple dispatchable hydroelectric

18.8.5

generation resources with a registered forebay, the Reliability Scheduling
algorithm shall ensure the schedule for each offer lamination is equal to the
schedules corresponding to the Pass 1 scheduled and unscheduled portions. For all
buses b€ BYM hours h€ {1, .., 24} and offer laminations k€ Kf N

SDGh,b,k = SlDGh,b,k + SZDGh,b,k

The generation resource schedules for the Pass 1 scheduled and unscheduled

portions of the lamination shall respect the incremental quantity of energy beyond
the minimum loading point that may be scheduled. For all buses » € B“M_hours
he{l,.., 24} and offer laminations k€ K,’ib;
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0 <S1DGypx < Q1DGp
and

0 < SZDGh_b,k < QZDGh,b,k

18.9 Outputs

18.9.1 Outputs of the Reliability Scheduling algorithm shall include resource schedules
and commitments.

19 Pass 3: DAM Scheduling and Pricing

19.1 Purpose

19.1.1 Pass 3 shall use market participant and IESO inputs along with resource and
system constraints to determine a set of resource schedules, commitments, and
shadow prices, as well as a set of schedules and locational marginal prices that
shall be used for settlement. Pass 3 consists of the DAM Scheduling algorithm
described in section 20 and the DAM Pricing algorithm described in section 21.

20 DAM Scheduling

20.1  Purpose

20.1.1 The DAM Scheduling algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, reference level values for resources subject to
section 20.2.2, and resource schedules and commitments from the Reliability
Scheduling algorithm, to meet the /ESO ’s average province-wide non-
dispatchable demand forecast and /ESO-specified operating reserve requirements
for each hour of the next dispatch day

20.2 Information, Sets, Indices and Parameters

20.2.1 Information, sets, indices and parameters for the DAM Scheduling algorithm are
described in sections 3 and 4. In addition, the following resource schedules and
commitments from Pass 2 shall be used by the DAM Scheduling algorithm:
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20.3

20.2.1.1

20.2.1.2

20.2.1.3

20.2.2

SXL%L 4~ Which designates the amount of energy that a boundary entity
resource is scheduled to export at intertie zone bus d € DXin hour
he{l,.., 24} in association with lamination j € ]g i

ODG}, .. which designates whether the dispatchable generation

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

516'2’4 = Which designates the amount of energy that a boundary entity
resource is scheduled to import at intertie zone_bus d € D/ in hour
he{l,..,24} in association with lamination K € 1(5 d

The DAM Scheduling algorithm shall use reference level value for any

financial dispatch data parameters that failed the Conduct Test

associated with resources identified in section 14.7.

Variables and Objective Function

20.3.1

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

20.3.2

section 8.3.1.

The objective function for the DAM Scheduling algorithm shall be the same as

20.4

the objective function in section 8.3.2. with the following exceptions:

20.3.2.1 the variables for unit commitment decisions (ODG}, ;) shall be fixed
within the optimization function; and

20.3.2.2  the start-up offer (SUDGy, ;) and the offer price to operate at minimum
loading point (MGODGy, ) shall be removed from the objective
function.

20.3.3

The optimization function in the DAM Scheduling algorithm shall be

subject to the constraints described in section 20.4.

Constraints

20.4.1

The DAM Scheduling algorithm optimization function shall apply the constraints

20.5

described in sections 20.5— 20.8.

Dispatch Data Constraints Applying to Individual Hours

20.5.1

The constraints in section 8.5 shall apply in the DAM Scheduling algorithm.
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20.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
20.6.1 The constraints in section 8.6 shall apply in the DAM Scheduling algorithm, with
the exception that the constraints for non-quick start resources in section 8.6.3
shall be removed.
20.7 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements
20.7.1 The constraints are the same as in section 8.7. The sensitivities and limits used in
section &8.7.3 are those provided by the most recent security assessment function
iteration of the DAM Scheduling algorithm.
20.8 Constraints to Respect Pass 2 Decisions
20.8.1 The DAM Scheduling algorithm shall not decrease import schedules from the
values produced in Pass 2 and may schedule additional imports of energy in Pass
3. For all hours A € {1, .., 24} and intertie zone buses d € DI that are not part of a
wheeling through transaction:
Z SIGy g1 = Z SIGE g &
KEKF 4 KEKF 4
20.8.2 The DAM Scheduling algorithm shall not increase export schedules in Pass 3
from the values produced in Pass 2. For all hours 4 € {1, .., 24} and intertie zone
buses d € DX that are not part of a wheeling through transaction:
Z SXLpga; < z SXI2 4 ;
J EJE_ d J'EIE d
20.8.3 The DAM Scheduling algorithm shall not change commitments statuses in Pass 3
for resources as determined in Pass 2. For all hours #€ {1, .., 24} and buses b €
BPC.
0DGy ), = ODGbe
20.9 Outputs
20.9.1 Outputs for the DAM Scheduling algorithm shall include resource schedules and

commitments.
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21

DAM Pricing

21.1

Purpose

21.1.1

The DAM Pricing algorithm shall perform a security-constrained economic

21.2

dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, reference level values for resources subject to
section 21.2.2, and resource schedules and commitments produced by the DAM
Scheduling algorithm, to meet the /JESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve requirements
for each hour of the next dispatch day.

Information, Sets, Indices and Parameters

21.2.1

Information, sets, indices and parameters for the DAM Pricing algorithm are

described in sections 3 and 4. In addition, DAM Pricing algorithm shall use the
following resource schedules and commitments from the DAM Scheduling
aleorithm in section 20:

21.2.1.1 SDGZ bk Which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDG, at bus
b€ BFRy B in hour A€ {1, .., 24} in association with lamination
k€ Kpp.i:

21.2.1.2 ODG?L ». Which designates whether the dispatchable generation
resource at bus b € B¢ was scheduled at or above its minimum
loading point in hour A€ {1,.., 24}. Note that ODG; , = ODG}, , for
all hours A€ {1, .., 24} and buses b€ BPG;

21.2.13 5‘10506'2’ i Which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled

to provide at bus b € BFR U B in hour A€ {1, .., 24} in association

with lamination k€ K}If)bs N

21.2.14 .S'lONDGfL bk Which designates the amount of non-synchronized zen-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus » € BFLR U BE in hour A € {1,..,24}in

association with lamination k € K7,
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21.2.2

21.2.1.5  S30RDG; ;. which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b€ BFLR U BE in hour A€ {1, .., 24} in association
with lamination k€ hf)bR;ﬂi

21.2.1.6 OHOZ/ 5. Which designates whether the dispatchable hydroelectric

generation resource at bus b € B has been scheduled at or above
MinHOy, in hour A€ {1,.., 24},

The resource schedules from Pass 2:

21.2.2.1 SXL%L 4~ which designates the amount of energy that a boundary entity
resource is scheduled to export at bus d € DXin hour A€ {1, .., 24}in
association with lamination j € /i sand

21.2.2.2 516'2’4 1 Which designates the amount of energy that a boundary entity
resource is scheduled to import at bus d€ D/in hour A€ {1,.., 24} in
association with lamination K€ Kf; a

21.2.2.3 The DAM Pricing algorithm shall use reference level values for any
financial dispatch data parameters that failed the Conduct Test
associated with resources 1dentified in section 14.7.

21.3 Variables and Objective Function

21.3.1 The DAM Pricing algorithm shall solve for the variables listed in section 9.3.1.

21.3.2 The objective function for the DAM Pricing algorithm shall be the same as the
objective function in section 9.3.2. subject to section 21.4.

21.4 Constraints

21.4.1 The constraints in sections 9.4 through 9.8 shall apply in the DAM Pricing

aleorithm, with the following exceptions:

21.4.1.1 The marginal loss factors used in the energy balance constraint in
section 9.7.1 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the DAM Scheduling alogorithm in
section 20.
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21.4.1.2  The sensitivities and limits used in section 9.7.3 shall be provided by
the most recent security assessment function iteration of the DAM
Pricing algorithm.

21.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered

Scheduling algorithm in section 8 shall be replaced with the outputs
from the DAM Scheduling algorithm in section 20, as follows:

21.4.1.3.1 SDGZ{% shall be replaced by SDGz, pxfor all

hefl,..,24},be B RUB* |k € K5\

214.1.3.2 ODGZ{?S shall be replaced by ODG%,, p for all

he{l,.., 24}, beBPY,

21.4.1.3.3 S10SDG;%5 shall be replaced by S10SDG;, ;. for all

he{l,..,24}, be By B | e K195,

21.4.1.3.4 SIONDG;% shall be replaced by SIONDG3, , ;. for all

he{l,..,24},be B uB” ke k),

21.4.1.3.5 S30RDG}142§( shall be replaced by S30RDG;31,bvk for all

he{l,..,24}, b€ B uB" ke KF; and

214.1.3.6 OHO‘;,{?S shall be replaced by OHO%,, p for all

214.1.4

he{l,..,24},be B,

The constraints imposed for boundary entity resource schedules in

section 20.8 shall apply to boundary entity resource schedules in the
DAM Pricing algorithm, with a tolerance A specified by the /ESO and:

21.4.1.4.1 For all hours A€ {1, .., 24} and boundary entity resource
import buses d € DI that are not part of a wheeling through

Z SIGpq 2 Z SIGi g — A
keK} 4 keKf 4

21.4.1.4.2 For all hours A€ {1, .., 24} and boundary entity resource
export buses d € DXthat are not part of a wheeling through
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21.5

Outputs

21.5.1

Outputs of the DAM Pricing algorithm include shadow prices and locational

z SXLy g, < Z SXIZ 4, + A

}'E]E,d jEjE_d

22

marginal prices for energy and operating reserve.

Pseudo-Unit Modelling

22.1 Pseudo-Unit Model Parameters
22.1.1 The day-ahead market calculation engine shall use the following registration and
daily dispatch data to determine the underlying relationship between a pseudo-
unit and the associated physical resources for a combined cycle facility with K
combustion turbines and one steam turbine:
22.1.1.1  CMCR, designates the registered maximum continuous rating of
combustion turbine k€ {1,.. K} in MW;
22.1.1.2  CMLP, designates the minimum loading point of combustion turbine
ke{1,.. K}in MW;
22.1.1.3  SMCR designates the registered maximum continuous rating of the
steam turbine in MW
22.1.1.4  SMLP designates the minimum loading point of the steam turbine in
MW for a 1x1 configuration:
22.1.1.5 SDFdesignates the amount of duct firing capacity available on the
steam turbine in MW;
22.1.1.6  STPortion, designates the percentage of the steam turbine capacity
attributed to pseudo-unit k€ {1, .., K}; and
22.1.1.7  CSCM, € {0,1} designates whether pseudo-unit k€ {1, .. K} is flagged
to operate in single cycle mode for the day.
22.1.2 The day-ahead market calculation engine shall calculate the following model

parameters for each pseudo-unit k€ {1,.K}:
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22.1.2.1  MMCR, designates the maximum continuous rating of pseudo-unit k
and is calculated as follows:

CMCR, + SMCR - STPortion,, - (1 — CSCM,.)

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

CMLP, + SMLP - (1 — CSCMy,)

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

SDF - STPortion,, - (1 — CSCM,.)

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

MMCR,, — MMLP, — MDF,

22.1.3 The day-ahead market calculation engine shall define three operating regions of
pseudo-unit k € {1,..K}, as follows:

22.1.3.1  The minimum loading point region shall be the capacity between 0 and
MMLP,;

22.1.3.2  The dispatchable region shall be the capacity between MMLP, and
MMLP,+ MDR); and

22.1.3.3  The duct firing region shall be the capacity between MMLFE, + MDR,
and MMCRy.

22.1.4 The day-ahead market calculation engine shall calculate the associated
combustion turbine and steam turbine shares for the three operating regions of
pseudo-unit k € {1,.K}, as follows:

22.1.4.1 For the minimum loading point region:

_ SMLP-(1-CSCMy).

22.1.4.1.1 Steam turbine share: STShareMLP, = ——————; and
MMLP,
. : CMLPy
22.1.4.1.2 Combustion turbine share: C7ShareMLP, = X
MMLP

22.1.4.2  For the dispatchable region:
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22.1.4.2.1 Steam turbine share:
STShareDR, = (1-CSCM)(SMCR-STPortion —SMLP—SDFy-STPortiony)

MDRy, 2
and

CMCR;—~ CMLPy.

22.1.4.2.2 Combustion turbine share: C7ShareDR,= DR .and
k

22.1.4.3  For the duct firing region:

22.1.4.3.1 Steam turbine share shall be equal to 1; and

22.1.4.3.2 Combustion turbine share shall be equal to 0.

22.2 Application of Physical Resource Deratings to the
Pseudo-Unit Model

22.2.1 The day-ahead market calculation engine shall apply deratings submitted by
market participants to the applicable dispatchable capacity and duct firing
capacity parameters for a pseudo-unit, where:

22.2.1.1  CTCapy designates the capacity of combustion turbine K€ {1, .. K}
in hour A as determined by submitted deratings;

22.2.1.2  STCap, _designates the capacity of the steam turbine in hour h as
determined by submitted deratings; and

22.2.1.3 TotalQy  designates the total offered quantity of energy for pseudo-
unit k€ {1,..,K} in hour h.

22.2.2 The day-ahead market calculation engine shall solve for the following operating
region parameters for hour h € [1,..,24} for each pseudo-unit k€ {1, .. K}:

222.2.1  MLPy designates the minimum loading point of pseudo-unit k in hour
h;

22.2.2.2 DRy designates the dispatchable region capacity of pseudo-unit k in
hour h; and

22.2.2.3  DFy designates the duct firing region capacity of pseudo-unit k in
hour h.

22.2.3 Pre-processing of De-rates
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22.2.3.1 The day-ahead market calculation engine shall perform the following
pre-processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine and steam turbine share
and the application of the pseudo-unit deratings. For pseudo-unit
ke{l1,.. K} forhour hE{],..,24}:

22.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to
each combustion turbine (CTAmt,, ;) and steam turbine portion
(STAmMty):

If TotalQ,;,; < MMLP, then:

CTAmt,; = 0; and

STAmty; =0,

Otherwise:

CTAmtMLP = MMLP,-CTShareMLP,; and
STAmtMLP = MMLP,-STShareMLP,.

If TotalQp, > MMLP, + MDRy, then:

CTAmtDR = MDR,-CTShareDR,;

STAmtDR = MDR-STShareDR,; and

STAmtDF = (1 — CSCMy) ( TotalQ,,;, — MMLP, — MDRy).
Otherwise:

CTAmtDR = (TotalQ,;, — MMLPE,) -CTShareDR,;
STAmtDR = (TotalQy,; — MMLE,)-STShareDR,;
STAmtDF = 0;

CTAmt, ;= CTAmtMLP + CTAmtDR; and

STAmty, = STAmtMLP+ STAmtDR + STAmtDF,
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22.2.3.1.2

Step 2: Allocate the steam turbine capacity to each pseudo-

22.23.13

unit:

STAmt], k
PRSTCap,, ;= - -STCap,,

Ywe 1,5 STAmty,,

Step 3: Determine if the pseudo-unit is available:

22.2.3.14

If CTAmt, ;< CMLP, then the pseudo-unit is unavailable.

If STAmt,;, < SMLP-(1 — CSCM,,), then the pseudo-unit is
unavailable.

If CTCapy, . < CMLPF,, then the pseudo-unit is unavailable.

If PRSTCapy,; < SMLP-(1 — CSCM},), then the pseudo-unit is
unavailable.

Step 4: Initialize the operating region parameters for hour

22.23.1.5

he{l,.., 24} to the model parameter values:

Set MLF, x = MMLF,.
Set DRy, = MDRy.
Set DFj, = MDFy.

Step 5: Apply the derating on the combustion turbine to the

22.2.3.1.6

dispatchable region:

Calculate P so that CMLP, + P-CTShareDR;-MDR; =
CTCth’k; and

SLtDRl],k= mI.H(DR]Lk, P'MDR/()L

Step 6: Apply the derating on the steam turbine to the duct

firing and dispatchable regions for pseudo-units not operating
in single cycle mode:

Calculate R so that SMLP+ R-STShareDR;-MDR =
PRSTCHP]]J(L
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ERS 1, set DF]I/kz 0:| and DR/I,](: mI.II(DR/Lk, RMDRk)_

ER> 1, set DFII,]( = min(DFh,k, PRSTCHpb’k — SMLP —
STShareDR,-MDR,).

22.2.4 Available Energy Laminations

22.2.4.1 The day-ahead market calculation engine shall determine the offer
quantity laminations that may be scheduled for energy and operating
reserve in each operating region for hour 42 € {1, .., 24} for each
pseudo-unit k€ {1, .. K}, subject to section 22.2.4.2, where:

22.2.4.1.1 @QMLPF,; designates the total quantity that may be scheduled in
the minimum loading point region;

22.2.4.1.2 QDRy designates the total quantity that may be scheduled in
the dispatchable region; and

22.2.4.1.3 QDFy designates the total quantity that may be scheduled in
the duct firing region.

22.2.4.2 The available offered quantity laminations shall be subject to the
following conditions:

0< QMLPh’k < MLPh‘k;
0 < QDRh,k < DRth;
0 = QDFy ) < DFy;

if QMLPy, , < MLP;,,, then the pseudo-unit is unavailable and
QDR = QDFy ) = 0; and

ifQDRh_’k < DRt,k? then QDFh,k = 0.

22.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

22.3.1 The day-ahead market calculation engine shall convert physical resource
constraints to pseudo-unit constraints, where:
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22.3.1.1 PS UMinZﬂ,x designates the minimum limitation on pseudo-unit k

determined by translating constraint q. When constraint g_does not
provide a minimum limitation on pseudo-unit k, then PS. UMinZ . shall

be set equal to 0;

223.1.2 PS UMaXZ‘,‘ designates the maximum limitation on pseudo-unit k

determined by translating constraint q. When constraint q_does not
provide a maximum limitation on pseudo-unit k, then PS UMHXZ shall

be set equal to MLF), ;+ DRy, ;+ DFy, . and

22.3.13 CTCmtd,,;€{0,1} designates whether combustion turbine k € {1,..K}
is considered committed in hour A€ {1, .., 24}.

2232 The day-ahead market calculation engine shall calculate the minimum and
maximum limitations, subject to section 22.3.3.1, as follows:

22.3.2.1 Minimum limitation: MinDG, ; =maxye;, o3PS UMinZ’ wand

22.3.2.2 Maximum limitation: MaxDGy, ; = minge ;o1 PS UMaxZ’ e

where Q designates the number of constraints impacting a
combined cycle facility that have been provided to the day-ahead
market calculation engine.

22.3.3 Pseudo-unit Minimum and Maximum Constraints

22.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as
follows:

22.3.3.1.1 PSUMiny; = PMin, where PMin shall be a minimum

constraint provided on pseudo-unit k € {1, .. K} for hour
he{l,..,24}; and

22.3.3.1.2 PSUMaxy;, = PMax,where PMax shall be a maximum
constraint provided on pseudo-unit k € {1, .. K} for hour
he{l,..,24}.

2234 Combustion Turbine Minimum and Maximum Constraints

22.3.4.1 1If a pseudo-unit is not flageed to operate in single cycle mode, then the
combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:
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If CTMin < MLP,, ;. + CTShareMLP,,, then set

STShareMLP
—k); and

STMinMLP = CTMin - (CTShm'eMLPk
STMinDR = 0|

Otherwise, if CTMin = MLP, ; - CTShareMLP,,, then set

STMinMLP = MLP,, - STShareMLP, ;and

STShareDRk)

STMinDR = (CTMin — MLPy, - CTShareMLPk) : (m
k

PSUMiny, , = CTMin + STMinMLP + STMinDR

22.3.4.2 If a pseudo-unit 1s flagged to operate in single cycle mode, then the
combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMiny, ;= CTMin

22.3.4.3 If a pseudo-unit is not flagged to operate in single cycle mode, then the
combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMax < MLPy,;, - CTShareMLP,,, then PSUMax; = 0

Otherwise, calculate the effect of the constraint on the steam turbine
within the minimum loading point and dispatchable regions:

STMaxMLP = MLP,, - STShareMLP,

STShareDR,,
STMaxDR = (CTMax — MLP, ;. - CTShareMLP,) - (m)
k

PSUMaxy, ,, = CTMax + STMaxMLP + STMaxDR
22.3.4.4 1If a pseudo-unit 1s flagged to operate in single cycle mode, then the

combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:
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PSUMaxy, ;= CTMax

22.3.5 Steam Turbine Minimum and Maximum Constraints

22.3.5.1.1 The day-ahead market calculation engine shall convert a steam turbine
minimum constraint to a pseudo-unit constraint as follows:

22.3.5.1.1 Step 1: Identify 4 € {1, .. K}, which shall indicate the set of
pseudo-units to which the constraint may be allocated where
pseudo-unit k€ {1, .. K} is placed in set A if and only if
CSCM=0_and CTCmtd),;, = 1. 1f the set A is empty, then no
further steps are required, otherwise proceed to Step 2.

22.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of
pseudo-unit K€ A

STCapy = QMLF, ,-STShareMLE; + QDR ;-STShareDR; + QDF), ;

22.3.5.1.3 Step 3: Allocate the S7Min constraint to each pseudo-unit
k€ A, where STMin constraint shall be allocated equally to

each pseudo-unit k€ Aand STPMin, is limited by S7Cap.

22.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be
converted to a pseudo-unit constraint, where for each pseudo-

unit k€ A

If STPMin, < MLPy; - STShareMLP,, then set

CTMinMLP, = STPMin, - (%ﬂ) d
CTMinDR, = 0

Otherwise, if STPMin, = MLP, ;. - STShareMLP;,, then set

CTMinMLP, = MLPy, ;. - CTShareMLP,; and

' . CTShareDRy,
CTMinDR,, :(S' TPMin-MLFE, ,ST. S]JareMLPk) : (m)
, areDR),

Therefore:

PSUMin,, , = STPMin,, + CTMinMLP;, + CTMinDR,,
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22.3.5.2 If pseudo-units with sufficient steam turbine capacity are not
committed, then the day-ahead market calculation engine shall not
convert the entire quantity of the steam turbine minimum constraint to
pseudo-unit constraints.

22.3.5.3 The steam turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

STAmth,k
Zwe{l,..,}{] STAmth,w

PRSTMaxy, , = ( ) *STMax

If the prorated steam turbine maximum constraint limits the steam
turbine portion to below its minimum loading point, then

PSUMaxh,k =0

Otherwise, calculate R so that SMLP + R - STShareDR,, -
MDR, = PRSTMaxy,

IfR < 1, set PSUMaxh'k = MLPh,k + min(DRh‘k ,R . MDR;C)

IftR > 1, set PSUMaxh'k = MLPh,k + DRh,k + PRSTMaxh,k -
SMLP — STShareDR,, - MDR,

22.3.5.4 If the steam turbine minimum and maximum constraints are equal but
do not convert to equal pseudo-unit minimum and maximum
constraints, then the steam turbine minimum constraint conversion in
section 22.3.5.1 shall be used to determine equal pseudo-unit
minimum and maximum constraints.

22.4 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

224.1 For a combined cycle facility with K combustion turbines and one steam turbine,
the day-ahead market calculation engine shall compute the following energy and
operating reserve schedules for hours 2 € {1,.., 24}

22.4.1.1  CTEj,; designates the energy schedule for combustion turbine
ke{l,.. K}

22.4.1.2  STPE} designates the energy schedule for the steam turbine portion
of pseudo-unit k€ {1, .. K};
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22.4.1.3  STE), designates the energy schedule for the steam turbine;

22.4.14  CT10S8}, designates the synchronized ten-minute operating reserve
schedule for combustion turbine k€ {1, .. ,K};

22.4.1.5 STP10S, designates the synchronized ten-minute operating reserve
schedule for the steam turbine portion of pseudo-unit k€ {1, .. K},

22.4.1.6  ST10S5), designates the synchronized ten-minute operating reserve
schedule for the steam turbine;

22.4.1.7  CT10N,; designates the non-synchronized ten-minute operating
reserve schedule for combustion turbine k€ {1, .. ,K};

22.4.1.8 STP10N,; designates the non-synchronized ten-minute operating

reserve schedule for the steam turbine portion of pseudo-unit
ke{l,.. K}

22.4.1.9 ST10N, designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine;

22.4.1.10 CT30Ry; designates the thirty-minute operating reserve schedule for
combustion turbine k€ {1,.. K};

22.4.1.11 STP30R;; designates the thirty-minute operating reserve schedule for
the steam turbine portion of pseudo-unit k€ {1, .. ,K}; and

22.4.1.12 ST30R, designates the thirty-minute operating reserve schedule for
the steam turbine.

22.4.2 The day-ahead market calculation engine shall determine the following energy
and operating reserve schedules for pseudo-unit k€ {1, .. K} in hour
he{l,..,24}:

22.4.2.1  SEj; designates the total amount of energy scheduled and SEj, ;, =
SEMLP,  + SEDR, ; + SEDF}, ; where:

22.4.2.1.1 SEMLF, designates the portion of the schedule corresponding
to the minimum loading point region, where 0 < SEMLF, , <
QMLE, 1.
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22.4.2.1.2 SEDR;; designates the portion of the schedule corresponding
to the dispatchable region, where 0 < SEDR,,; < QDR ; and
SEDRy, . > 0 only if SEMLF, ;, = QMLF, . and

22.4.2.1.3 SEDF}; designates the portion of the schedule corresponding
to the duct firing region, where 0 < SEDF, , < QDF ;. and
SEDFII’[( >0 Ol’lly if SEDR/]’[( = QDRII,I(.;

22422 5105}, designates the total amount of synchronized fen-minute
operating reserve scheduled;

22.4.2.3 S10N,; designates the total amount of non-synchronized fen-minute
operating reserve scheduled. If the pseudo-unit _cannot provide
operating reserve from its duct firing region then 0 < SEj, ;, +
.5‘105[]’1( + .S‘ION/L[( < QMLP[L[( + QDR]L/{;ﬂl

22.42.4  S30Rj designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SE), ; + S10S,; + S10Ny, ;. + S30R, ; <
QMLE, ; + QDRp + QDFp .

22.4.3 The day-ahead market calculation engine shall convert pseudo-unit schedules to
physical generation resource schedules for energy and operating reserve, as
follows:

22.43.1 If SEp, ; = MLPy ., then:
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CTEp . = SEMLP, . - CTShareMLP, + SEDRy, , - CTShareDR,;

STPEy ) = SEMLP, ;. - STShareMLP,, + SEDRy, ;. -
STShareDRy, + SEDFy, x;

RoomDRy,, = QDRy,, — SEDRy, ;.
10SDRy, , = min(RoomDRy, , S10S,x);
10NDRy, , = min(RoomDRy, ;, — 10SDRy, i, SION, . ):

30RDRh’k = min(RoomDRh,k — 1OSDRh'k h
1ONDRy, 1, S30Ry, 1 ):

CT10Sy, = 10SDRy, ;. - CTShareDR,;
STP10S, ) = 10SDRy, . - STShareDR), + (510S,; — 10SDRy, ;)
CTlONh’k = 1ONDRh'k A CTShaT‘eDRk_;

STP10Ny,; = 10NDRy, - STShareDR; + (S10N, ; —
10NDRy,):

CT30Ry = 30RDRy, - CTShareDRy; and

STPSORh,k == BORDRh’k - STShaT‘eDRk + (SBORh'k -
30RDRy, ).

22432 1f SEj; < MLF, and is ramping to minimum loading point, then the
conversion shall be determined by the ramp up energy to minimum
loading point.

22.4.3.3  The steam turbines portion schedules from section 22.4.3.1 shall be
summed to obtain the steam turbine schedule as follows:

STE, = Zk:l,..,l{ STPEh,k;
ST10S, = Zkzl’_.,KSTPmSh,k;

STlONh = Zk=1,..,K STPlONh’k; and
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ST30R, = Yye1_x STP30Ry .

23 Pricing Formulas

23.1 Purpose

23.1.1 The day-ahead market calculation engine shall calculate locational marginal
prices using shadow prices, constraint sensitivities and marginal loss factors.

23.2 Sets, Indices and Parameters

23.2.1 The sets, indices and parameters used to calculate locational marginal prices are
described in section 4. In addition, the following shadow prices from Passes 1 and
3 shall be used:

23.2.1.1 SPEm 7,’? a‘,designates the Pass » shadow price for the post-

contingency transmission constraint for facility f€ Fin contingency
c€ C inhour h;

23.2.1.2 SPEXtYf designates the Pass » shadow price for the import or export
limit constraint z € Zg, in hour h;

23.2.1.3 SPL’; designates the Pass » shadow price for the energy balance
constraint in hour h;

23.2.1.4  SPNIUExtBwd 7,‘;7 designates the Pass » shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports between hour (h — 1) _and hour h;

23.2.1.5 SPN[DEXtBWdY};J designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting decreases in net
imports between hour (h — 1)_and hour h;

23.2.1.6  SPNIUExtFwd Yf designates the Pass » shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports between hour h and hour (h + 1);

23.2.1.7  SPNIDEXtF Wd]f designates the Pass » shadow price for the net
interchange scheduling limit constraint limiting decreases in net
imports between hour h and hour (h + 1);
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23.2.1.8

23.2.1.9

23.2.1.10

23.2.1.11

23.2.1.12

23.2.1.13

23.2.1.14

23.2.1.15

23.3 Locational Marginal Prices for Enerqy

SPNorm Yf fdesignates the Pass » shadow price for the pre-

contingency transmission constraint for facility f€ Fin hour h;

SPlO.S’Z designates the Pass » shadow price for the total synchronized
ten-minute operating reserve requirement constraint in hour h;

SPlORZ designates the Pass » shadow price for the total fen-minute
operating reserve requirement constraint in hour h;

SPSORZ designates the Pass » shadow price for the total thirty-minute
operating reserve requirement constraint in hour h;

SPRE GMinlORZ/ designates the Pass p shadow price for the minimum

ten-minute operating reserve constraint for region r € ORREG in hour
h;

SPRE GMinBORZ/ designates the Pass p shadow price for the minimum

thirty-minute operating reserve constraint for region r € ORREG in
hour h;

SPRE GMaxlORZ ~designates the Pass p shadow price for the

maximum fen-minute operating reserve constraint for region r €
ORREG in hour h; and

SPRE GMaX30RZ ~designates the Pass p shadow price for the

maximum thirty-minute operating reserve constraint for region r €
ORREG in hour h.

23.3.1 Energy Locational Marginal Prices for Delivery Points

23.3.1.1

The day-ahead market calculation engine shall calculate a locational

23.3.1.1.1 LM P,E ,_designates the Pass p hour h locational marginal price

marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1,.., 24} for every bus b € L where a non-dispatchable or
dispatchable generation resource, a dispatchable load, a price
responsive load, an hourly demand response resource, or a non-
dispatchable load is sited and:

for energy:
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23.3.1.1.2 PRe fhp designates the Pass p hour h_energy locational marginal
price for energy at the reference bus;

233.1.1.3 PLOSSE’b designates the Pass p hour h loss component; and

23.3.1.14 PC ongﬁ,b designates the Pass p hour h_congestion component.

23.3.1.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass p € {1,3} atbus b € L_in hour A€ {1,.., 24}, as
follows:

InitLMF}, = InitPRef,! + InitPLoss, , + InitPCongy, ,
where
InitPRef, = SPL};
InitPLossf:_b = MglLassf}b -SPLY;
and

InitPConggjb = Z PreConSFy s ) 'SPNO?‘mTﬁf

fEFp

+Z Z SFherp - SPEMTY -

ceC fEFh,C

23.3.1.3  Ifthe initial locational marginal price for energy at the reference bus
(InitPRe fhp) is not within the settlement bounds
(EngyPrcFlr,EngyPrcCeil), then the day-ahead market calculation
engine shall modify the locational marginal price for energy at the
reference bus as follows:

ElnitPRef}f > EngyPrcCeil,_PReff_z EngyPrcCeil
If /nitPRef; < EngyPrcFlr, PRef; = EngyPrcFIr

Otherwise PReff = 1121'1‘P1’?e'1‘,‘§7

23.3.1.4 If'the initial locational marginal price for energy (InitLM P,f ,) 1s not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the
dayv-ahead market calculation engine shall modity the locational
marginal price for energy as follows:
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If InitLMF;), > EngyPrcCeil_LMP;, = EngyPrcCeil

E[nitLMf;: » < EngyPrcF]r,_LM}}Z »,= EngyPrcFir

Otherwise, LMF;, = [nitLMP,),

23.3.1.5 The day-ahead market calculation engine shall modify the loss
component as follows:

If PRefy# [nitPRefy), then PLoss, , = MglLoss), ,-PRefy,

Otherwise PLoss‘Z b= InitPLoss‘Z b

23.3.1.6  The day-ahead market calculation engine shall modify the congestion
component as follows:

If LMP,, — PRef} — PLoss, , and InitPCong), , have the same
mathematical sign, then PC'ongZ biLM}}f , — PRef] —
PLOSSZ 5

Otherwise, PCong), , = 0.and PLoss), , = LMP,), — PRef;,

23.3.2 Energy Locational Marginal Prices for Intertie Metering Points

23.3.2.1 The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour h € {1, .., 24} for intertie zone bus d € D, where:

23.3.2.1.1 ExtLMP}E d designates the Pass » hour h locational marginal
price for energy:

23.3.2.1.2 IntLMPZ designates the Pass p hour h intertie border price for
energy;

23.3.2.1.3 IC[f 4 designates the Pass p hour h intertie congestion price:;

23.3.2.14 PRef,f designates the Pass p hour h locational marginal price
for energy at the reference bus:

23.3.2.1.5 PLOSSZ P designates the Pass » hour h loss component;
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23.3.2.1.6 P[ntCongZ s designates the Pass p hour h internal congestion
component for energy;

23.3.2.1.7 PEXtCongZ designates the Pass p hour h external congestion
component for the intertie congestion price; and

23.3.2.1.8 PN[SL’; 4 designates the Pass » hour h net interchange
scheduling limit congestion component for the intertie
congestion price.

23.3.2.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy for the reference bus, a loss component and a congestion
component for energy for Pass p at intertie zone bus d € D, in intertie
zone a € Alin hour h € {1, .., 24}, subject to section 23.3.2.8 and
23.3.2.9, as follows:

InitExtLMP}, = InitIntLMPF;, + InitICP;,
where
IitPRef! = SPL} ;
InitPLoss,fd = MgELossEd . SPL‘;1 ;
InitPIntCongf:}d

= Z PreConSF, ;4  SPNormTy,
fEFR

+z Z SFhefa -SPEmTFfC'f;

CEC fEFp e

InitIntLMP,; = InitPRef, + InitPLoss, ,
+ InitPIntCongf:'d;

MitICPY, = InitPExtCong}, , + InitPNISL) .

InitPExtCong, , = Z EnCoeff,, - SPExtT},;

ZEZgch

and

InitPNISL}, , = SPNIUExtBwdT, — SPNIUExtFwdT}
— SPNIDExtBwdT} + SPNIDExtFwdT}
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23.3.2.3 [If'the initial locational marginal price for energy (InitExtLMP,f q) 18

not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then
the day-ahead market calculation engine shall modify the intertie
border price for energy, and its components, as follows:

23.3.2.3.1 The initial locational marginal price for the reference bus
(InitPRef’) shall be modified per section 23.3.1.3;

23.3.2.3.2 The initial intertie border price (InitIntLMP,f 4)-shall be
modified per section 23.3.1.4, where InitLMP,fbj
InitIntLMPY

23.3.2.3.3 The initial loss component (InitPLoss,f’b) shall be modified
per section 23.3.1.5; and

23.3.2.3.4 The initial congestion component (InitPC ongﬁ’b) shall be
modified per section 23.3.1.6.

23.3.2.4 If the initial locational marginal price for energy (InitExtLMP,f q) 18

not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then
the day-ahead market calculation engine shall modify the locational
marginal price for energy, as follows:

ElnitEXtLMP,f 4> EngyPrcCell, set EXtLM}}f = EngyPrcCeil

If [nitExtLMP,) < EngyPrcFir, set ExtLMF, , =
EngyPrcFir

Otherwise, set EXtLMPb'f J= ]nitEXtLM}}Z d

23.3.2.5 If the modified locational marginal price for energy ( EXtLM}}Z 21s
equal to the intertie border price for energy ( IntLM}}Z ). then the day-

ahead market calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion components for the intertie congestion
price, as follows:

If ExtLMP,,= IntLMP ,, set PExtCong), ,= 0_and PNISL; ;=0

23.3.2.6  If the modified locational marginal price for energy (ExtLM P,f q)ds

not equal to the intertie border price for energy (IntLM Pff 4). then the
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23.3.2.7

day-ahead market calculation engine shall modify the external
congestion component for the intertie congestion price and net
interchange scheduling limit congestion components for the intertie
congestion price, as follows:

If ExtLMP;, # IntLMP} ;. set

PNISL} , = (ExtLMP;, — IntLMP} )

InitPNISL, ,
itPNISL; , + InitPExtCongy, ,

If PNISL} , > NISLPen, PNISL} , = NISLPen

If PNISL} , < (=1) - NISLPen, PNISL, , = (—1)-
NISLPen

Then PExtCong, , = ExtLMP, , — IntLMP, , —
PNISL} ,

The day-ahead market calculation engine shall calculate the intertie

23.3.2.8

congestion price as follows:

ICP, ;= PExtCong, +PNISL, ,

The locational marginal price for energy calculated by the day-ahead

23.3.2.9

market calculation engine shall be the same for all boundary entity
resource buses at the same intertie zone. Intertie transactions
associated with the same boundary entity resource bus, but specified
as occurring at different intertie zones, subject to phase shifter
operation, shall be modelled as flowing across independent paths.
Pricing of these transactions shall utilize shadow prices associated
with the internal transmission constraints, infertie limits and
transmission losses applicable to the path associated to the relevant
intertie zone.

When an intertie zone is out-of-service, the intertie limits for that

intertie zone will be set to zero and all import and export boundary
entity resources for that intertie zone will receive a zero schedule and
the locational marginal price for energy shall be set to the intertie
border price for energy.
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23.3.3 Zonal Prices for Energy

23.3.3.1 The day-ahead market calculation engine shall calculate the zonal
price for energy and its components for each Pass p € {1,3} and hour
he{l,..,24} for each virtual transaction zone m € M, as follows:

VZonalPhp_m = PRefhp + VZonaIPLossf_m
+ VZonalPCong;’:m

where

VZonalPLoss,;) ,, = WEYIRT - PLoss) ,
beLyIRT

and

VZonalPCongy, ,, = Z WFYIR - PCong},,

peLTIRT

23.3.3.2  The day-ahead market calculation engine shall calculate the zonal
price for energy and its components for each Pass p € {1,3} and hour
he{l,.., 24} for non-dispatchable load zone, y € Y as follows:

ZanalPPfy = PRef,} + ZonalPLossgy + ZonaIPCongﬁ)y

where

ZonalPLossy, , = Z WFy 5 - PLossy, ,

NDL
beLl

and

Z WEFy 5 - PCongy, ,

NDL
beL

ZonalPC ong;ij

23.3.4 Pseudo-Unit Pricing

23.3.4.1 The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour A€ {1,.., 24} for every pseudo-unit k € {1,.., K} where:

23.34.1.1 CTM glLoss,z:k designates the marginal loss factor for the
combustion turbine identified by pseudo-unit k for hour 4 in
Pass p;
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23.3.4.1.2 STM glLoss}f’k designates the marginal loss factor for the steam

turbine identified by pseudo-unit k for hour /4 in Pass p:

23.3.4.1.3 CTPreConSFy ) _designates the pre-contingency sensitivity

factor for the combustion turbine identified by pseudo-unit k
on facility f during hour /4 under pre-contingency conditions;

23.3.4.1.4 STPreConSFy, ;) designates the pre-contingency sensitivity

factor for the steam turbine identified by pseudo-unit k on
facility { during hour 4 under pre-contingency conditions;

23.3.4.1.5 CTSFy rx designates the post-contingency sensitivity factor
for the combustion turbine identified by pseudo-unit k on
facility f during hour /4 under post-contigency conditions for
contingency c¢; and

23.3.4.1.6 STSFy, s designates the post-contingency sensitivity factor

for the steam turbine identified by pseudo-unit k on facility f
during hour /4 under post-contingency conditions for

contingency c.

23.3.4.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass p € {1,3} for every pseudo-unitk € {1,..,K}in
hour A€ {1, .., 24}, as follows:

InitlMB,), =InitPRefy + InitPLoss}, , + InitPCong,, ,
where

InitPRef;=SPL, ;

InitPLoss), ,=MglLoss), ,-SPL; ;

and

InitPCongg_k = Z PreConSFy ¢ -SPNormTﬁf

fEFp

+Z Z SFnczx - SPEMT,, -

ceC fEFy
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23.3.43 If pseudo-unitk € {1,..,K} is scheduled within its Minimum
Loading Point range or not scheduled at all, its marginal loss and
sensitivity factors shall be:

MglLossy,, = CTShareMLPy - CTMglLoss} , + STShareMLPy
. STMgILOSSE’k

PreConSFy ¢ .
= CTShareMLP;, - CTPreConSFy, ;) + STShareMLP,
-STPreConSFEy ¢y

SFh,C,f,k = CTShaTE?MLPk " CTSFh,C,f,k + STShﬂ,T'eMLPk - STSFHJC',f,k

23.3.4.4 If pseudo-unitk € {1,..,K}is scheduled within its dispatchable
region, its marginal loss and sensitivity factors shall be:

MglLoss},, = CTShareDRy, - CTMglLoss,,, + STShareDR,,
. STMgILossf_k

PreConSFy ¢
= CTShareDR, - CTPreConSFy, ) + STShareDR)
*STPreConSEy

SFh,C,f,k = CTShaTBDRk - CTSFH,C,f,k + STShﬂTeDRk . STSF?L,C,f,k

23.34.5 [Ifpseudo-unitk € {1,..,K}is scheduled within its duct firing region,
its marginal loss and sensitivity factors shall be:

MgILoss}f_k = STMgILossg_k
PreConSF ;) = STPreConSFy ¢

SFh,C,f,k = STSFH,C,f,k

23.4 Locational Marginal Prices for Operating Reserve

23.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

23.4.1.1  The day-ahead market calculation engine shall calculate a locational
marginal price and components for operating reserve for each Pass
p € {1,3}.and hour h € {1, .., 24} for a delivery point associated with
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the dispatchable generation resource and dispatchable load at bus

b € B, where:

23.4.1.1.1

234.1.1.2

23.4.1.1.3

234.1.14

23.4.1.1.5

23.4.1.1.6

234.1.1.7

234.1.1.8

234.1.19

23.4.1.1.10

L30R}}IU . designates the Pass p hour h locational marignal
price for thirty-minute operating reserve;

P301’?1’?e1‘}§7 designates the Pass » hour h locational marignal
price for thirty-minute operating reserve at the reference bus:;

P30RCong), , designates the Pass p hour h congestion

component for thirty-minute operating reserve;

L1 ON}}IU . designates the Pass p hour h locational marignal
price for non-synchronized ten-minute operating reserve;

P1 ONRe/‘,{7 designates the Pass » hour h locational marignal
price for non-synchronized ten-minute operating reserve at the

reference bus;

P10NCong1p1 ,designates the Pass p hour h_congestion

component for non-synchronized ten-minute operating reserve:

L1 05}}10 b designates the Pass » hour h locational marignal
price for synchronized ten-minute operating reserve:

P1 0.5'1’?61‘}’77 designates the Pass » hour h locational marignal
price for synchronized ten-minute operating reserve at the

reference bus;

PlOSCongz b designates the Pass » hour h congestion
component for synchronized ten-minute operating reserve; and

ORREG, < ORREG designates the subset of ORREG

consisting of regions that include bus b.

23.4.1.2  The day-ahead market calculation engine shall calculate an initial

locational marginal price, a locational marginal price at the reference

bus. and congestion components for Pass p for a delivery point

associated with the dispatchable generation resource and dispatchable

load atbus b€ Bin hour h€ {1,.., 24}, for each class of operating

reserve, as follows:
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InitL30RP;, = InitP30RRef,’ + InitP30RCong;, ,

where
InitP30RRef,’ = SP30R}
and
InitP30RCongy, ,
= Z SPREGMin30R},
rEORREG)
— Z SPREGMax30R},
TEORREG)

InitL10NP,, = InitP10NRef,’ + InitP10NCongy, ,

where|

InitP10NRef;’ = SP10R? + SP30R),

and

InitP10NCongy, ,
= Z (SPREGMin10R}
rEORREG)
+ SPREGMin30R;, )
- Z (SPREGMax10R;,
TrEORREG)

+ SPREGMax30R}, )
InitL10SP, = InitP10SRef,] + InitP10SCongj, ,

where
InitP10SRef;’ = SP10S} + SP10R? + SP30R]

and

InitP10SCong}, ,

= > (SPREGMin10R} +SPREGMin30Rj )
r€0RREG),

— > (SPREGMax10R}, + SPREGMax30R},,)
r€0RREG),

23.4.1.3  If'the initial locational marginal price at the reference bus
(InitP30RRef;, nitP10NRef,, or InitP10SRef}) is not within the
settlement bounds (ORPrcFIr, ORPrcCeil), then the day-ahead market
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calculation engine shall modify the initial locational marginal prices
at the reference bus for each class of operating reserve as follows:

If /InitP30RRef; > ORPrcCeil , P30 RRef;= ORPrcCell.

If /nitP30 RRef. < ORPrcFlr, P30 RRef,= ORPrcFir,
Otherwise, P30 RRef,=InitP30RRef;.

If /nitP1ONRef; > ORPrcCeil, PLONRef, = ORPrcCell.

If /nitP10O NRef; < ORPrcFir, PLONRef;= ORPrcFlr,
Otherwise, PLONRef)=InitP10NRef;.

If InitP10SRef; > ORPrcCeil, PL0SRef;, = ORPrcCeil:

If /nitP10SRef; < ORPrcFlr, PLOSRef, = ORPrcFIr,
Otherwise, P10SRef, =InitP10SRef,)

23.4.1.4 If the initial locational marginal price ( 1111'1“[,.5’01’?}};’7 pinitL1 ONQZ »OT
InitL10SF, ) is not within the settlement bounds

(ORPrcFIr, ORPrcCeil), then the day-ahead market calculation engine
shall modify the initial locational marginal price for each class of
operating reserve as follows:

If InitL30 RF,), > ORPrcCeil . L30RF,, = ORPrcCeil;

If [nitL30RF,, < ORPrcFir, L30RF, = ORPrcFlr,
Otherwise, Z30 RF,,=InitL30RF, .

If InitL10NF,, > ORPrcCeil . LIONF,, = ORPrcCeil;

If [nitL10 NP, < ORPrcFir, L1\ONF,), = ORPrcFir;
Otherwise, L10 NP, ,=InitL10 NF, .

If InitL10SP,, > ORPrcCeil , L10SP,, = ORPrcCeil,

If [nitl10SP;, < ORPrcFlr,_L10SF), = ORPrcfFir,
Otherwise, L10SF,, = InitL105F;,
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23.4.1.5

If the initial locational marginal price

(InitL30RF, , InitL10NF;,,, or InitL10SF;,) is not within the

settlement bounds (ORPrcFIr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the congestion component for each
class of operating reserve, as follows:

Set P30RCong), , = L30RF,, — P30RRef;;
Set PLONCong), ,= L10NF,, — PLONRefy; and

Set P10SCong,, , = L10SF), — P10SRef;.

Operating Reserve Locational Marginal Prices for Intertie Metering Points

234.2.1

The day-ahead market calculation engine shall calculate a locational

marginal price and components for operating reserve for each Pass
p€{1,3}and hour # € {1, .., 24} for intertie zone bus d € D, where:

23.4.2.1.1 ExtL3 ORP}E g4.designates the Pass p hour h locational marginal

price for thirty-minute operating reserve;

23.4.2.1.2 P30RRef}f designates the Pass » hour h locational marginal

price for thirty-minute operating reserve at the reference bus:

23.4.2.1.3 BORIntCongZ 4 designates the Pass » hour h internal

congestion component for thirty-minute operating reserve;

23.4.2.1.4 PSOREXtCongZ s designates the Pass p hour h intertie

congestion component for thirty-minute operating reserve;

23.4.2.1.5 EXtLlONPb'f . designates the Pass » hour h non-synchronized

ten-minute operating reserve price;

23.4.2.1.6 P10NRef}f designates the Pass » hour h locational marginal

price for non-synchronized ten-minute operating reserve at the

reference bus;

23.4.2.1.7 PlON[ntCongZ 4 designates the Pass p hour h internal

congestion component for non-synchronized ten-minute
operating reserve,
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23.4.2.1.8 PIONEXtCongZ . designates the Pass p hour h intertie

congestion component for non-synchronized ten-minute
operating reserve:; and

23.4.2.1.9 ORREG,< ORREG designates the subset of ORREG consisting
of regions that include bus d.

23.4.2.2 The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the reference
bus, an internal congestion component and an infertie congestion
component for Pass p at intertie zone bus d € D, _in intertie zone a € A
in hour A€ {1, .., 24}, for each class of operating reserve, subject to
sections 23.4.2.5 and 23.4.2.6, as follows:

InitExtL30RPY,
= InitP30RRef, + InitP30RIntCongy, ,
+ InitP30RExtCong}, ,

where

InitP30RRef;Y = SP30RY;

InitP30RIntCong?, ,

= z SPREGMin30Ry,
Tr€0RREGq4

— Z SPREGMax30R}, ,;

TEORREG4
InitP30RExtCong, ,
=— Z 0.5 (EnCoeff,, + 1) - SPExtTy,

ZE€EZgch

InitExtL10NP,,
= InitP10NRef, + InitP10NIntCong}, ,
+ [nitP10NExtCong,, ,

where

InitP10NRef,’ = SP10R? + SP30R};
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InitP10NIntCong}, ,
= Z (SPREGMin10R] . + SPREGMin30R}, )

rEORREGy

- Z (SPREGMax10R;,
TEORREG g
+ SPREGMax30R;, )

and
InitP10NExtCong}, ,
=— Z 0.5 (EnCoeff,, + 1) - SPExtT;,
ZE€Zgch

23.4.2.3  If'the initial locational marginal price ( 1111'tEXfL30R}}Z 5) 18 not within

the settlement bounds ( ORPrcFIr, ORPrcCeil), then the day-ahead
market calculation engine shall modify the initial locational marginal
price, the locational marginal price at the reference bus, and the
external congestion component for thirty-minute operating reserve as
follows:

IntL30 R =InitP30 RRefy, + [nitP30 RIntCong), ,
If /nitP30RRef; > ORPrcCeil, P30 RRef; = ORPrcCell

If /nitP30RRef;, < ORPrcFir, PR0RRef, = ORPrcFIr,
Otherwise, P30RRef, = InitP30RRef;;

Set P30RIntCong,, ,= ExtL30RF, ,— P30RRef;
If InitExtL30RP,, > ORPrcCeil , ExtL30RP,, = ORPrcCeil;

If [nitExtL30RF;, < ORPrcFlr, ExtL30RF,, = ORPrcFlIr,
Otherwise, ExtL30RP,, = InitExtL30RP,,; and

Set P30 RExtCong), =ExtL30RP,, — P30RRef; —
P30 RIntCong), ,

23.4.2.4 If the initial locational marginal price ( InitExtLlONP,f p) 1s not

within the settlement bounds (ORPrcFlr, ORPrcCeil), then the day-
ahead market calculation engine shall modify the initial locational
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23.4.2.5

marginal price, locational marginal price at the reference bus, and the
external congestion component for fen-minute operating reserve as
follows:

IntL10N = InitP10NRef}) + InitP10 NintCong), ,
If /nitP1ONRef; > ORPrcCeil, PLONRef, = ORPrcCell

If /nitP10 NRef; < ORPrcFir, PLONRef;, = ORPrcFir,
Otherwise, PLONRef, = InitPLONRef};

Set PLONCong), , = L10NF;, — PLONRefy,
If InitExtL10 NF,, > ORPrcCeil , ExtL\ONF,, = ORPrcCeil;

If lnitExtLloNejf < ORPrcFlrLExtLloN}}f = ORPrcFir,
Otherwise, ExtL10 NF,, = InitExtL10 NF, ,; and

Set PIONExtCong, ,= ExtL10NF,), — P10 NRef} —
P10NintCong), ,

The locational marginal price calculated by the day-ahead market

23.4.2.6

calculation engine shall be the same for all boundary entity resource
buses at the same intertie zone. Reserve imports associated with the
same boundary entity resource bus, but specified as occurring at a
different intertie zone, subject to phase shifter operation, shall be
modelled as flowing across independent paths. Pricing of these reserve
imports shall utilize shadow prices associated with infertie 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.
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23.5

Pricing for Islanded Nodes

23.5.1 For non-quick start resources that are not connected to the main island, the day-
ahead market calculation engine may use the following reconnection logic where
enabled by the /ESO in the order set out below to calculate the locational
marginal prices for energy:
23.5.1.1 Determine the connection paths over open switches that connect the
non-quick start resource to the main island;

23.5.1.2  Determine the priority rating for each connection path identified based
on a weighted sum of the base voltage over all open switches used by
the reconnection path and the MW ratings of the newly connected
branches; and

23.5.1.3  Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.

23.5.2 For all (1) resources other than those specified in section 23.5.1 not connected to

the main island; (ii) non-quick start resources where a price was not able to be
determined in accordance with section 23.5.1; the day-ahead market calculation
engine shall use the following logic in the order set out below to calculate
locational marginal prices, using a node-level and facility-level substitution list
determined by the /ESO:

23.5.2.1  Use the locational marginal price for energy at a node in the node-
level substitution list where defined and enabled by the /ESO,
provided such node is connected to the main island,

23.5.2.2 Ifno such nodes are identified, use the average locational marginal
price for energy of all nodes at the same voltage level within the same
facility that are connected to the main island;

23.5.2.3 Ifno such nodes are identified, use the average locational marginal
price for energy of all nodes within the same facility that are connected
to the main island.;

23.5.2.4 Ifno such nodes are identified, use the average locational marginal
price for energy of all nodes from another facility that is connected to
the main island, as determined by the facility-level substitution list
where defined and enabled by the /ESO; and

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-199



23.5.2.5 Ifa price is unable to be determined in accordance with sections
23.5.2.1 through 23.5.2.4. use the locational marginal price for energy
for the reference bus.
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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
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Calculation Engine

3.1.1

The pre-dispatch calculation engine shall use the information in

section 3A.1 of Chapter 7.

Sets, Indices and Paramaters Used in

4.1

the Pre-Dispatch Calculation Engine

Fundamental Sets and Indices

4.1.1 A designates the set of all intertie zones:

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

4.1.3 BP¢ C B designates the set of buses identifying dispatchable
generation resources,

4.1.4 BPL c Bdesignates the set of buses identifying dispatchable loads:

4.1.5 BELR ¢ BPG designates the subset of buses identifying energy limited
resources:

4.1.6 B"PR ¢ B designates the set of buses identifying hourly demand
1esponse resources:

4.1.7 B"E'c BPC designates the subset of buses identifying dispatchable
hydroelectric generation resources:;

4.1.8 (BF) designates the set of all subsets of the set BZ;

4.1.9 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:

4.1.10 BIE c o( B"F) designates the set of buses identifying all downstream

dispatchable hydroelectric generation resources with a registered
forebay that are linked via time lag and MWh ratio dispatch data with
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upstream dispatchable hydroelectric generation resources with a
registered forebay:

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

4.1.12 BYPG C B designates the set of buses identifying non-dispatchable
}Zeneration resources,

4.1.13 BNVOW0DF ¢ pPSU (egionates the subset of buses identifying pseudo-
units that cannot provide ten-minute operating reserve from the duct

firing region;

4.1.14 BVOS ¢ BPC designates the subset of buses identifying dispatchable
non-quick start resources;

4.1.15 BV ¢ BNOS desionates the subset of buses identifying pseudo-units:

4.1.16 BREC ¢ B designates the set of internal buses in operating reserve
region r € ORREG;

4.1.17 B;,fT c B™U designates the subset of buses identifying pseudo-units
with a share of steam turbine p € PST.

4.1.18 B"¢ © BPG designates the subset of buses identifying dispatchable
variable generation resources:;

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

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

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

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

4.1.23 DX S D designates the subset of intertie zone buses identifying
boundary entity resources that correspond to export bids:
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4.1.24 DI € D designates the subset of intertie zone buses identifying
boundary entity resources that correspond to import offers:

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

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

4.1.27  DI“APEX c D] designates the intertie zone source buses identifying
import offers flagged as capacity imports in time-step t€ {4,..,11;4p}:

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

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

4.1.30  DI'VP € DI designates the intertie zone buses corresponding to
inadvertent energy payback import transactions for time-step € 75

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

4.1.32  DXCAPEXc DX designates the intertie zone sink buses identifying
export bids flagged as capacity exports in time-step £,

4.1.33 DXNP € DX designates the intertie zone buses corresponding to
inadvertent energy payback export transactions for time-step € 7.5

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

4.1.35 F designates the set of facilities and groups of facilities for which
transmission constraints may be identified;

4.1.36 F, € Fdesignates the set of facilities whose pre-contingency limit was
violated in time step tas determined by a preceding security
assessment function iteration;
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4.1.37

4.1.38

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:

J;».designates the set of bid laminations for energy at bus b€ BU DX

4.1.39

for time-step t€ 7.

/},25 designates the set of offer laminations for synchronized fen-minute

4.1.40

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

4.1.41

/ '},25 designates the set of reference level value laminations for

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

/}/2” designates the set of offer laminations for non-synchronized ten-

4.1.42

minute operating reserve at bus b € BU DX for time-step t€ 7,

J1ON designates the set of reference level value laminations for non-

4.1.43

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

/f.ng designates the set of offer laminations for thirty-minute operating

4.1.44

reserve offer at bus b€ BU DXfor time-step t€ 7.

J'39R designates the set of reference level value laminations for thirty-

4.1.45

4.1.46

minute operating reserve at bus b € B _for time-step t€ 7.

K2} < K%, designates the set of offer laminations for energy
corresponding to the duct firing region of a pseudo-unit at bus
b € BSY for time-step t€ TS,

Kf R c I(f p.designates the set of offer laminations for energy
corresponding to the dispatchable region of a pseudo-unit at bus
b € B™Y for time-step t€ TS.

71(5 p.designates the set of offer laminations for energy at bus

4.1.48

b€ BU DI for time-step t€ T

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

at bus b € Bfor time-step t€ 75
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4.1.49 K‘tL TMLP designates the set of offer laminations for energy quantities up
to the minimum loading point for a non-quick start resource at
bus b € BNfor time-step t€ TS.

4.1.50 K, ;’LbTMLP 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

4.1.51 1(}/?,5 designates the set of offer laminations for synchronized ten-
minute operating reserve at bus b € B for time-step t€ 75

4.1.52 K [,1195 designates the set of reference level value laminations for
synchronized ten-minute operating reserve at bus b € B for time-step
te TS

4.1.53 K}%N designates the set of offer laminations for non-synchronized ten-

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

4.1.54 2,9” designates the set of reference level value laminations for non-
synchronized fen-minute operating reserve at bus b € B for time-step
te TS

4.1.55 K39 designates the set of offer laminations for thirty-minute operating

reserve at bus b € BU DI for time-step t€ TS.

4.1.56 K ’igR designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for time-step t€ 7.

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

4.1.58 LYP* € L, designates the buses contributing to the zonal price for non-
dispatchable load zone y € Y.

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

4.1.60 M designates the set of virtual transaction zones;
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4.1.61 NCA designates the set of narrow constrained areas;

4.1.62 DCA designates the set of dynamic constrained areas:

4.1.63 BCA designates the set of broad constrained areas;

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

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

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

4.1.67 785 ={2,.,n;,p} designates the set of all time-steps in the look-ahead
period that are included in the pre-dispatch calculation engine
optimization, where 1, 4p designates the number of time-steps in the
look-ahead period:

4.1.68 75S,,4 € TS designates the time-steps in the look-ahead period that are
part of the current dispatch dav;

4.1.69 1S,,,, € TS designates the time-steps in the look-ahead period that are
part of the next dispatch day;

4.1.70 T7S5C;, < TS designates the set of time-steps representing the first hour
of a day-ahead operational commitment for the resource at bus b € B,

4.1.71 tiom € TS;,m designates the first time-step of the next dispatch day:

4.1.72 Y designates the non-dispatchable load zones in Ontario; and

4.1.73 Zs..designates the set of all intertie limit constraints.

4.2 Market Participant Data Parameters
4.2.1 With respect to a non-dispatchable generation resource identified by bus b €
BNDG.
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42.1.1 QNDG, . designates the maximum incremental quantity of energy that
may be scheduled in time-step ¢ € 7.51in association with offer
lamination K € Kf :and

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

Kz,

422 With respect to a dispatchable generation resource identified by bus b € BC:

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

42.2.2 QDG i designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in time-step
t€ TSin association with offer lamination k € K%

4223 PDG, ), i designates the price for the maximum incremental quantity of
energy in time-step £ € 7.51in association with offer lamination k € K’f .

4.22.4 Q105DG,p, . designates the maximum incremental quantity of

synchronized fen-minute operating reserve in time-step t € 7.51in

association with offer lamination & € [,?,5 :

4225  P10SDG,  designates the price for the maximum incremental

quantity of synchronized fen-minute operating reserve in time-step

t € 7Sin association with offer lamination k€ 525 :

4.2.2.6 Q10NDG}, . designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve in time-step t€ 7.5in

association with offer lamination k€ K19,

4.2.2.7 P1ONDG, . designates the price for the maximum incremental

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

step t€ 7.5in association with offer lamination & € K}%N :

4228  (30RDG,  designates the maximum incremental quantity of thirty-

minute operating reserve in time-step t€ 7.5 1in association with offer

ot 0R.
lamination k€ K7,";
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423

4.2.2.9

4.2.2.10

42211

42212

4.2.2.13

4.2.2.14

4.2.2.15

4.2.2.16

P30RDG, . designates the price for the maximum incremental

quantity of thirty-minute operating reserve in time-step t € 7.5in

association with offer lamination k€ K35

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

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

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

URRDG,},,, for we€ {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 ¢t € 7.5 while operating in the range
between RmpRngMaxDG,, ., and RmpRngMaxDG, ;. where
RmpRngMaxDG,,, shall be equal to zero:;

DRRDG,}, ,, for w€ {1,.,NumRRDG, ,} 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, . 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€ 7.5,

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

BNQS .

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

4232

MGODG, , designates the minimum generation cost to operate at
minimum loading point in time-step ¢ € 75, This parameter is
calculated as follows:
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MGODG,, = SNL,,+ Z PLTMLP, " QLTMLP, .

TMLP
keKt]

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

4234 MaxStartsDG, ), designates the maximum number of starts per day
within dispatch day g € DAYS.

4235  MGBDT. DG{ZZT designates the minimum generation block down-time
for a hot thermal state within dispatch day q € DAYS.

4.2.3.6 MGBDTDGXY?RM designates the minimum generation block down-time
for a warm thermal state in dispatch day q € DAYS;

4.2.3.7 MGBDTDG&%LD designates the minimum generation block down-time
for a cold thermal state in dispatch day q € DAYS;

4.2.3.8 PLTMLPF, , ; designates the price for the maximum incremental
quantity of energy up to the minimum loading point that may be
scheduled in time-step ¢ € 7.51in association with offer lamination

ke KégMLP;

4239 QLTMLF,, ; designates the maximum incremental quantity of energy
up to the minimum loading point that may be scheduled in time-step
t€ TS1n association with offer lamination k€ Kﬁ TMLP,

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

42311 RampHrs,), designates the ramp hours to minimum loading point in
dispatch day q € DAYS for thermal state m € THERM,

4.2.3.12  SNL,j designates the speed no-load offer in time-step t€ 75,

4.2.3.13  SUD ﬁ”b designates the start-up offer in time-step ¢ € 7S for thermal
state me€ THERM,
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4.2.4

4.2.3.14 SUDGf;fM designates the start-up offer used to evaluate the day-ahead
market commitment starting in time-step £t € 75Cy;

4.2.3.15 SUAdeG:”b designates the start-up offer that the optimization function
will evaluate in time-step ¢ € TS under thermal state m.

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

4.2.5

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

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

With respect to a dispatchable hydroelectric generation resource identified by bus

4.2.6

b e BE.

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

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

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

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

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

4.2.5.5 StartMW,,; for 1 € {1,.., NStartMW},} designates the start indication
value for measuring maximum number of starts per day; a start is
counted between time-step fand (¢4 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,, forall i €

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

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 g € DAYS. and
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4.2.6.2 MinSDELq, . designates the minimum daily energy limit shared by all

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

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

427.1  LNK, < BlExB] 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; €

BUH[’,E and b, € BE;

4272  Lag,p, », € {0,.,23} designates the time lag in hours between upstream

dispatchable hydroelectric generation resources by € BZ,E and

downstream dispatchable hydroelectric generation resources b, € B*
for (by,b,) € LNK, for dispatch day g € DAYS; and

4.2.7.3  MWhRatio,y, 5, designates the MWh ratio between upstream
dispatchable hydroelectric generation resources by € Bgf and

BHE

downstream dispatchable hydroelectric generation resources b, € By,

for (by,b,) € LNK,, for dispatch day q € DAYS.

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

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

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

4.2.8.3 RampCTy), . designates the quantity of energy injected whours before

the pseudo-unit reaches its minimum loading point in dispatch day
q € DAYS and thermal state m € THERM that is attributed to the
combustion turbine for w € {1,..,RampH1‘5‘gfb}; 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 for we {1,..,RampHrs§]”7b};

429 With respect to a dispatchable load identified by bus b € BPL:
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4.2.9.1

4292

4.2.9.3

4294

4.2.9.5

4.2.9.6

4.2.9.7

4.2.9.8

4.2.99

4.2.9.10

42911

@DL,y,; designates the maximum incremental quantity of energy that
may be scheduled in time-step ¢ € 7.5in association with bid

lamination / € /Z;

PDL,,,; designates the price for the maximum incremental quantity of

energy in time-step ¢ € 7.5in association with bid lamination j € /fb;

@108DL,,; designates the maximum incremental quantity of

synchronized ten-minute operating reserve that may be scheduled in

time-step £€ 751n association with offer lamination j € /}25 H

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

t € 7S1n association with offer lamination j € /},25;

Q@10NDL;,, designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled in

time-step £€ 7.51n association with offer lamination j € /}/,‘3” :

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

step € 7Sin association with offer lamination j € /}’gN :

@30RDL,;,; designates the maximum increamental quantity of thirty-
minute operating reserve that may be scheduled in time-step € 7.5in
association with offer lamination j € /22‘2

P30RDL,,,; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in time-step ¢ € 7.5in association
with offer lamination j € /f;g’i

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

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

RmpRngMaxDLy,,, for we {1,.,NumRRDL, ,} designates the w™
ramp rate break point in time-step £€ 75
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4.2.10

4.2.9.12

4.2.9.13

4.2.9.14

URRDL,},,, for we {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, j, o 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 energy consumption in time-step ¢ € 7.5 while operating in
the range between RmpRngMaxDL,, ., and RmpRngMaxDL, , ,,.
where RmpRngMaxDL, ;, o shall be equal to zero; and

Q@DLFIRM, , designates the quantity of energy that is bid at the
maximum market clearing price in time-step t€ 7.

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

4.2.11

42101

4.2.10.2

4.2.10.3

4.2.104

@HDR,,,; designates an maximum incremental quantity of reduction in
energy consumption that may be scheduled in time-step € 7.Sin
association with bid lamination j € /;

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

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

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

With respect to a boundary entity resource import from intertie zone bus d € DI,

where the locational marginal price represents the price for the intertie metering

point:
4.2.11.1

QIG, 4, designates the maximum incremental quantity of energy that
may be scheduled to import in time-step £ € 7.5in association with
offer lamination k € Kf n
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4.2.12

4.2.11.2

PIG, 5, designates the price for the maximum incremental quantity of

42.11.3

4.2.11.4

42.11.5

4.2.11.6

energy may be scheduled to import in time-step ¢ € 7.5 in association
with offer lamination k€ K’f .

Q10NIG, 4 designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled in

time-step £ € 75in association with offer lamination kK € [’?,N :

P1ONIG, 4, designates the price for the maximum incremental quantity

of non-synchronized ten-minute operating reserve in time-step t€ 7.5

in association with offer lamination k€ A+";

@30RIG, 4 designates the maximum incremental quantity of thirty-
minute operating reserve quantity that may be scheduled in time-step
t€ TSin association with offer lamination k€ t’?jR; and

P30RIG, 4 designates the price for the maximum incremental quantity

of thirty-minute operating reserve in time-step t € 7.5 1n association

with offer lamination kX € CgR;

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:

42.12.1

42122

4.2.12.3

4.2.12.4

QXL designates the maximum incremental quantity of energy that
may be scheduled to export in time-step ¢ € 7.5in association with bid
lamination j € /fd;

PXL,,;designates the price for the maximum incremental quantity of
energy that may be scheduled to export in time-step £ € 7.5in
association with bid lamination j € /fd;

@10NXL,;; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to
provide in time-step £ € 7.51n association with offer lamination j €

10N,
/t,d a2

P1ONXL, dj designates the price for the maximum incremental quantity

of non-synchronized ten-minute operating reserve in time-step t€ 7.5

in association with offer lamination j € /19",
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4.2.12.5

4.2.12.6

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

P30RXL; ;; designates the price for the maximum incremental quantity
of thirty-minute operating reserve in time-step € 751in association
with offer lamination j € ji?,R;

L, € DXxDI designates the set of linked boundary entity resource

transactions, where L, is a set with elements of the form (dx, di)

FG,j, designates the /ESO s centralized variable generation forecast

for a variable generation resource identified by bus » € B¢ in time-

4.2.13 With respect to a wheeling through transaction:
import and export buses corresponding to wheeling through
where dx € DXand di € DI
4.3 IESO Data Parameters
4.3.1 Variable Generation Forecast
43.1.1
step t€ T,
4.3.2 Variable Generation Tie-Breaking
the daily dispatch order for time-step ¢ € 7.5; and
4322
433 Intertie Curtailments

NumVG, designates the number of variable generation resources in

TBM,, € {1,.,NumVG,} designates the tie-breaking modifier for the
variable generation resource at bus b € B" for time-step t€ T5.

4331

4332

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

ICMinXL, ; designates the minimum limit on the quantity of energy
scheduled for export to intertie zone sink bus d € DX and time-step
t € TS as the result of an intertie curtailment:
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4.3.4

4333

4334

43.3.5

4.3.3.6

43.3.7

43.3.8

ICMaxIG, ; designates the maximum limit on the quantity of energy
scheduled for import from intertie zone source bus d € D/ and time-
step t € 7S as the result of an infertie curtailment;

1CMax10 NIG, ; designates the maximum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from
intertie zone source bus d € D/ and time-step ¢ € 7.5as the result of an
intertie curtailment;

1CMax30RIG, ; designates the maximum limit on the quantity of
thirty-minute operating reserve scheduled for import from intertie
zone source bus d € DI and time-step £ € 7.5 as the result of an intertie
curtailment;

ICMinlG, ; designates the minimum limit on the quantity of energy
scheduled for import from intertie zone source bus d € D/ and time-
step t € 7S as the result of an infertie curtailment;

ICMin10NIG, ; designates the minimum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from
intertie zone source bus d € D/l and time-step ¢ € 7.5as the result of an
intertie curtailment; and

ICMin30RIG, ; designates the minimum limit on the quantity of thirty-
minute operating reserve scheduled for import from intertie zone
source bus d € D/ and time-step t € 7.5 as the result of an intertie
curtailment.

Operating Reserve Requirements

4.3.4.1

4.3.4.2

4.3.43

4.3.4.4

4.3.4.5

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

TOT10 R, designates the total ten-minute operating reserve
requirement;

TOT30 R, designates the thirty-minute operating reserve requirement;

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

REGMin10R, . designates the minimum requirement for total ten-
minute operating reserve in region r € ORREG in time-step t€ 7S,
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43.4.6  REGMin30R,, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in time-step t€ 75,

43477  REGMax10R,, designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r€ ORREG in time-
step t€ 7. and

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

4.3.5 Intertie Limits

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

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

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

4354 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:
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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°L;

4.3.6.1.3 MinNDG, ) designates the most restrictive minimum output

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

4.3.6.1.4 MaxNDG, designates the most restrictive maximum output

limitfor 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°C:

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

4.3.6.1.7 MaxMLF,; 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 € BY;

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;

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 €
BHPR. 404

4.3.6.1.11 MaxHDR, designates the maximum load reduction level that

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

4.3.7 Constraint violation penalties for time step t€ 7'S:

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

4.3.7.2 (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;

4.3.7.3 (PGenViolSchy;, QGenViolSchy)) for i € {1,., Ngepyio,} 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;

4.3.7.4 (PGenViolPrc,;,QGenViolPrc,;) for i€ {1,.,Ngeppis,} 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;

4.3.7.5 (P10SViolSch,;, Q10 SViolSchy,) for 1€ {1,.., N1 sy} designates the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the Pre-Dispatch
Scheduling algorithm in section 8 and the Reference Level Scheduling
algorithm in section 12;

4.3.7.6 (P10SViolPre;;, Q10 SViolPrc,)) for i € {1,.,Nygsyio;,} 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;

4.3.7.7 (P1ORViolSch,;, Q10 RViolSch, ) for i € {1,.,Nyogyio,} 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;

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

4.3.7.10

4.3.7.11

4.3.7.12

4.3.7.13

4.3.7.14

4.3.7.15

(P30RViolSch,;, @30 RViolSch, ;) for i € {1,.,N3opyio,} designates the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm
in section 12;

(P30RViolPre,;, @30 RViolPrc,,) for 1 € {1,.., N3 gyjy,} 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,; QREGL0 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,,;, QREG30RViolSch,) for 1€ {1,., Nrgazorvion}
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 1 € {1,.,Ngggo RV,O,t}
designates the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PXREG10RViolSch, ;, QXREG10 RViolSch,,) for 1 € {1,.,Nxggcio rvios,}
designates the price-quantity segments of the penalty curve for area
total ten-minute operating reserve maximum restrictions used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference
Level Scheduling algorithm in section 12;
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4.3.7.16

4.3.7.17

4.3.7.18

4.3.7.19

4.3.7.20

4.3.7.22

(PXREGIORVI'OIPI’CL,-, QXREG].OR[/]()]PI‘CU)&IE {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;

(PXREGBORI/IOISC]IU, QXREGBORI/IOISC]IU&I € {11"INXREG30RV1'0/t}
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,.., Nxrge3orvion}
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 i€ {1,.., NprerrLviol, }
designates the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the Pre-Dispatch Scheduling algorithm in section

8 and the Reference Level Scheduling algorithm in section 12;

(PPrelTLViolPrcg;, QPrelTLViolPrcg;) for 1€ {1,., Nprerryvios,}
designates the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the Pre-Dispatch Pricing algorithm in section 9

and Reference Level Pricing algorithm in section 13;

(PITLViolSch, g, QITLViolSch, ;) for 1€ {1,.,Nirpy,, ..} designates
the price-quantity segments of the penalty curve for exceeding the
contingency ¢ € Cpost-contingency limit of the transmission
constraint for facility f€ Fused by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm
in section 12;

(PITLViolPrc, s, QITLVioIPre,g) for 1€ {1,., Ny v, ., } designates
the price-quantity segments of the penalty curve for exceeding the
contingency c € C post-contingency limit of the transmission
constraint for facility f€ Fused by the Pre-Dispatch Pricing algorithm
in section 9 and Reference Level Pricing algorithm in section 13;
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4.3.7.23

4.3.7.24

4.3.7.25

4.3.7.26

4.3.7.27

4.3.7.28

4.3.7.29

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

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

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

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

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

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

(PNIDViolSchy;, QNIDViolSchy,) for i € {1,..,Nypy;o;,} designates the
price-quantity segments of the penalty curve for exceeding the time-
step ¢net interchange decrease constraint between time-steps (#-1) and
tused by the Pre-Dispatch 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
tused 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;
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4.3.7.30  (PMaxDelViolPrc,;, QMaxDelViolPrc,) for i € {1,..,Nyaxpevior}
designates the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

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

4.3.7.32  (PMinDelViolPrc,,QMinDelViolPrc,;) for i € {1,.., Ny;npeviol,}
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;

4.3.7.33 (PSMaxDelViolSch,;, @SMaxDelViolSch;,) for i € {1,.., Nspaxperviol,}
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

4.3.7.34  (PSMaxDelViolPrc., QSMaxDelViolPrc,;) for i € {1,.,Nypaxpervior,}
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;

4.3.7.35  (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;

4.3.7.36  (PSMinDelViolPrc,,@QSMinDelViolPrc,) for i € {1,.., Nsyinpervior,}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the Pre-
Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;
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4.3.8

4.3.7.37

4.3.7.38

4.3.7.39

(POGenLnkViolSch.,;,QOGenLnkViolSch, ;) for i € {1,.,Nogeniniviol,}
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

aleorithm in section 12;

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

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

Price Bounds

4.3.9

4381

4382

4.3.8.3

4.3.84

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

EngyPrcFirdesignates 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

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

Ex-Ante Market Power Mitigation

4391

4392

4.3.9.3

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 mareginal price for operating
reserve and is equal to $15/MW;
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4.3.9.4  PDGRef; - designates the reference level value for energy lamination
k'e K7, for the resource at bus b € B”C in time-step t€ T

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

ten-minute operating reserve lamination k'€ K\ for the resource at

bus b € B¢ in time-step t€ TS,

4.3.9.6 P1ONDGRef, ;, ;- designates the reference level value for non-
synchronized ten-minute operating reserve lamination k'€ K

10N
tp tor

the resource at bus b € B”“ in time-step € TS

4.3.9.7  P30RDGRef, - designates the reference level value for thirty-minute
operating reserve lamination k'€ K %?,R for the resource at bus b € B¢

in time-step £€ 7.

4.3.9.8 P10SDLRet,;, ;- designates the reference level value for synchronized

ten-minute operating reserve lamination j' € /21?

bus b € B in time-step t€ 7S

S for the resource at

4.3.9.9 P10NDLRef, ), ;. designates the reference level value for non-
synchronized ten-minute operating reserve lamination j' € ]219 N for the
resource at bus b € BPF in time-step t€ TS

4.3.9.10 P30RDLRef;, . designates the reference level value for thirty-minute
operating reserve lamination ;' € /5319’? for the resource at bus b € B¢
in time-step t€ 75

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

4.3.9.12  SNLRef,, designates the reference level value for the speed no-load
offer for the resource at bus b € BV in time-step ¢ € TS;

4.3.9.12 PLTMLPRefy x, designates the reference level value for the energy
up to the minimum loading point reference level lamination k' €

K;E™MEP of the offer for the resource at bus b € BP€ in time-step
teTs.

43.9.14  CTEnThresh1"“4 designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%:
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4.3.9.15

4.3.9.16

4.3.9.17

4.3.9.18

4.3.9.19

4.3.9.20

4.3.9.21

4.3.9.22

4.3.9.23

4.3.9.24

CTEnThresh2V¢4 designates the conduct threshold for a resource in a
narrow constrained area as a $/MWh increase above the reference

level value of the energy offer for the resource and is equal to
$25/MWh:

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

CTSNL Thresh"“A designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference

level value of the speed no-load offer for the resource and is equal to
25%:

CTEnThresh1P¢4 designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%:

CTEnThresh2?%4 designates the conduct threshold for a resource in a
dynamic constrained area as a $/MWh increase above the reference

level value of the energy offer for the resource and is equal to
$25/MWh;

CTSUThresh”“A 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®“4 designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference

level value of the speed no-load offer for the resource and is equal to
25%:

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

43.9.26 CTEnThresh1“™" 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%:

43.927 CTEnThresh2“™" 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;

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

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

4.3.9.30 CTORThresh19RL 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%:

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

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

4.3.9.32 CTEnThresh1°R! 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%:;

4.3.9.33  CTEnThresh29R designates the local maket power conduct threshold
for energy to minimum loading point conduct threshold for a resource
as a $/MW increase above the reference level value of the energy for

energy up to the minimum loading point for the resource and is equal
to $25/MW:
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4.3.9.34

4.3.9.35

4.3.9.36

4.3.9.37

4.3.9.38

4.3.9.39

4.3.9.40

4.3.9.41

4.3.9.42

4.3.9.43

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

CTSNL Thresh®RL 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%:;

CTORThresh2R¢ 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:

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

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

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

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

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

CTORMinOffer designates the minimum price for the offer lamination
for operating reserve to be included in the Conduct Test. Offer
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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

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“4 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:

ITThresh1”“ 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¢A 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;

ITThresh17¢4 designates the price impact threshold for a resource in
a broad constrained area as a percent increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 100%:

ITThresh2%4_designates the price impact threshold for a resource in
a broad constrained area as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to$50/MWh;

[TThresh1“M? designates the global market power price impact
threshold for a resource as a percent increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to 100%:;

ITThresh2“? designates the global market power price impact
threshold for a resource as a $/MWh increase in the energy locational
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4.3.10

43952

4.3.9.53

marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to $50/MWh:

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

to 50%: and

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

Weighting Factors for Zonal Prices

4.3.11

4.3.10.1

4.3.10.2

WFIE/ ,’,f,{ designates the weighting factor for bus b € LR used to
calculate the price for virtual transaction zone m € M for time-step
t€ TSand is equal to the weighting factor used in the day-ahead

market for the applicable hour:

WEF})"% designates the weighting factor for bus b € _L)P* used to

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

Day-Ahead Market Scheduled Intertie Transactions

43.11.1

43.11.3

SIGT;%W designates the day-ahead market scheduled quantity of
import energy for intertie zone source bus d € DI in time-step
te {41"lnLAP}.;

.S'lON[GTffM designates the day-ahead market scheduled quantity of
non-synchronized ten-minute operating reserve for intertie zone
source bus d € D[ in time-step ¢ € {4,..,1n;4p}:

S30RIG 7}%‘”” designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone source bus d € DI in

time-step £ € {4,..,1,4p}:
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4.3.12

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

43.11.5 SIONXL Tng 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

43.11.6 S30RXL 72;4/” designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone sink bus d € DX _in
time-step £ € {4,..,n;4p}.

Import Offers Without a Day-Ahead Market Schedule

4.4

43.12.1 SIG Tfj{ 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;

4.3.12.2 5'10N]G7Z%( TRA designates the extra quantity of non-synchronized ten-
minute operating reserve for import from intertie zone source bus
d € DIin time-step ¢ € {4,..,n;4p} that may be considered for the
purpose of reliability; and

43.123 S30RIG 7?3( TRA designates the extra quantity of thirty-minute operating

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

Other Data Parameters

4.4.1

Non-Dispatchable Demand Forecast

4.4.2

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

Internal Transmission Constraints

4.4.2.1 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 tunder pre-contingency conditions:

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-233



443

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

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

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

Transmission Losses

4.4.3.1 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€ 7S and

4432 LossAdj, designates any adjustment needed for time-step £ € 75to
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.
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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
5.3.13 use a bus within the main island in place of the reference bus if the

reference bus does not fall within the main island.

5.4 Variable Generation Tie-Breaking

54.1 For each time-step ¢ € 7S, each variable generation resource bus b € B¢ and
each offer lamination k € K}, the offer price PDG,, shall be modified to
PDG; - (/\/Tf;fég) p. where pis a small nominal value of order 1074,

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:

LNK,,y if DAYS = {tod}

LNKC= " vk, ifFDAYS = {tod,tom} "

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

LaoC _ Lagioqp, b, if DAYS ={tod}
8Cp,b, = Lagtgm,bllbz IfDAYS = {tOd, Z'Om} .

5.6.1.3  MWhRatioCy, ;,,, which designates the MWh ratio for dispatchable
hydroelectric generation resources (by,b,) € LNKC and is defined by:
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5.6.14

5.6.1.5

5.6.1.6

5.6.1.7

MWHhRatio,qp, b, if DAYS ={tod}
MWhRatioCy, ;, = . . .
1 MWHhRatio,m p, b, if DAYS = {tod tom}
MinQDGC,, which designates the minimum loading point for

dispatchable generation resource b € BP¢ and, subject to section
5.6.2, is defined by:

, MinQDG;,qp iIf DAYS = {tod}
MinQDGCy = { . ’ . !
MinQDG,,p, » if DAYS = {tod,tom}
MGBRTDGC},, which designates the minimum generation block run

time for non-quick start resource b € B9 and, subject to section
5.6.2. is defined by:

MGBRTDG ), ifF DAYS={tod)

MGBRTDGC, = {MGBRTDG}O,“,/J IfDAYS = {tod,tom}"

MGBDTDGC})', which designates the minimum generation block down

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

MGBDTDG?,,, iFDAYS ={tod}
MGBDTDG" if DAYS = {tod,tom}’

tom,b

MGBDTDGC) = {

LTG), which designates the lead time for non-quick start resource b €

5.6.1.8

5.6.1.9

BV for thermal state m € THERM and is defined by

LT? If DAYS = {tod,tom}”

tom,b

LTC’Z’z{

RampHrsC}', 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;,,, iIf DAYS = {tod}
RampHrs}! if DAYS = {tod,tom} "

tom,b

RampHrsCy' = {

RampECy}, for w € {1,.,RampHrsCy'}, which designates the ramp up

energy to minimum loading point for a non-quick start resource b €
BNQS for thermal state m € THERM and is defined by:
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RampEl 4 b w if DAYS = {tod}
RampEC], = m . .
’ RampE 4, pw if DAYS = {tod,tom}
5.6.1.10 RampCTCy, for we {1,.,RampHrsCy’}, which designates the ramp
up energy to minimum loading point for the combustion turbine

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

RampCT; ;4 . If DAYS ={tod}
RampCTC}', = " . :
g RampCTy,, \, ., if DAYS = {tod,tom}

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

defined by:
RampST if DAYS ={to
RampSTCZ’W _ D3 Ltod bw ' { d} '
g RampST,, b, v 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,p, p 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, €
75C,, of a day-ahead operational commitment in day g € DAYS are
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such that t € {max(tpsy-(MGBRTDG,;, +
MGBDTDGY"), 2), ..., tpan}. then:

If SUDGY}, > SUDG.3™, then set SUAdjDGY}, = SUDGY,

If SUDGY, < SUDG(,™, then set SUAdjDG}}, = SUDG,"

5.7.1.2 If the time-step ¢in the set of hours preceding the start-up time &4, €
T5C,, of a day-ahead operational commitment in day g € DAYS are
offersuch that t& {max(tpsy-(MGBRTDG,, +
MGBDTDG,7"), 2),...,tpan}. then:

SUAdjDG, = SUDGY),

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

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

5.8.1.1 For a non-quick start resource at bus b € BV9S that has not been
scheduled at or above its minimum loading point for InitDownHrs,,
hours:

5.8.1.1.1 If0 < /nitDownHrsy, + t — 1 < MGBDTDGCH7, then the
resource cannot be scheduled to reach minimum loading point in

time-step £ € 7.

5.8.1.1.2 If /nitDownHrsy, + LTCI" + 1 < MGBDTDGC]"**™ then a lead
time of LTCH7 will be applied and the resource can be scheduled
to its minimum loading point in time-step ¢ € 7S only if £ >
LTCIOT 4 2;

5.8.1.1.3 If /nitDownHrsy, + LTCY*™™ + 1 < MGBDTDGC,P"”, then a
lead time of LTC)*®M will be applied and the resource can be
scheduled to its minimum loading point in time-step ¢ € 7.5 only if
t=>LTCYRM + 2; and

5.8.1.1.4 Ifa lead time of LTC,C"? will be applied and the resource can be
scheduled to its minimum loading point in time-step ¢ € 75 only if
t=>LTCO + 2,
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5.9 Initial Scheduling Assumptions
5.9.1 Initial Schedules
5.9.1.1 The following parameters designate the initial energy schedules used
for time-step 1 of the pre-dispatch look-ahead period and shall be
based on the values determined by the /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 SDL, ;;designates the amount of energy that a dispatchable load
is scheduled to consume at bus b € B”%;
5.9.1.1.2 SHDR, ;;designates the amount of energy an hourly demand
response resource is scheduled to reduce consumption at bus b €
BIDR.
5.9.1.1.3  SXL; 4;designates the amount of energy a bounday entity
resource is scheduled to export at bus d € DX;
59.1.14 SDG, j; designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € B¢,
5.9.1.1.5 SCT j designates the schedule of the combustion turbine
associated with the pseudo-unit at bus b € B™Y;
5.9.1.1.6  SST, ,, designates the schedule of steam turbine p € PST,
5.9.1.1.7 SIG; 44 designates the amount of energy that a boundary entity
resource is scheduled to import from intertie zone source bus
de DI,
59.1.2 The initial schedules for non-quick start resources shall be determined
to align with the commitment status logic described in section 5.9.2.
5.9.2 The following parameters designate initial commitment status, number of hours in

operation and number of hours down for time-step 1 of the pre-dispatch look-
ahead period:

59.2.1 0DG, ;, designates whether the dispatchable generation resource at

bus b € BV has been scheduled at or above its minimum loading
point in time-step 1, where ODG, j, shall be set to ODG, j, from the
previous pre-dispatch calculation engine run unless the real-time
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593

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;

5.9.2.2 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?S has not been
and is not anticipated to be, operating at or above its minimum loading
point. For resources with ODG, , = 1, InitDownHrs), shall be set to
Zero.

Initial Net Interchange Schedule

5.94

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

Number of Starts for Non-Quick Start Resources

5.9.5

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

Number of Starts for Hydroelectric Resources

5.9.6

5.9.5.1 NumStartsHE), designates the number of starts the resource at bus
b € B"E 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 € BELR Y BFE 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
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5.9.7

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 /ESO s energy management system based on
real-time telemetry less any production scheduled as part of an
operating reserve activation. For all linked hydroelectric resources
(b1,b;) € LNKCand all time-steps ¢ € TS such that t < LagC), 4.

PastMWh,, designates the total energy produced by resource by
exactly LagCy, 5, 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 (by,b,) € LNKC and all time-steps £ € 75 such
that t= LagCy, ,,+1, PastMWh,; designates the total energy

determined for resource b, for time-step 1 to be used for scheduling
downstream resources in time-step t.

Security Assessment Function in the

Pre-Dispatch Calculation Engine

6.1 Interaction between the Security Assessment Function
and Optimization Functions
6.1.1 The scheduling and pricing algorithms of the pre-dispatch calculation engine

shall perform multiple iterations of the optimization functions and the security
assessment function to check for violations of monitored thermal limits and
operating security limits using the schedules produced by the optimization
functions.
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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

6.2

combined cycle facilities that are registered as pseudo-units.

Inputs into the Security Assessment Function

6.2.1

The security assessment function shall use the following inputs:

6.2.2

6.2.1.1 the /ESO 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

6.3

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.

Security Assessment Function Processing

6.3.1

The security assessment function shall determine the province-wide non-

6.3.2

dispatchable demand forecast for time-step £, FL;, as follows:

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

6.3.1.2  determine FZ; 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.

The security assessment function shall perform the following calculations and

analyses:
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6.3.2.1

A base case solution function shall prepare a power flow solution for

6.3.2.2

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.

6.3.2.3

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

6.3.2.4

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-

6.3.2.5

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

6.3.2.6

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,

6.3.2.7

calculate post-contingency flows and check all monitored equipment
for limited-time thermal limit violations.

Violated post-contingency limits shall be linearized using post-

6.3.2.8

contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.

The base case solution shall be used to calculate Ontario transmission

6.3.2.9

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

aleorithms described in sections 8 and 12, respectively, shall use the
marginal loss factors for each time step calculated by the security
assessment function.
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6.3.2.10  The Pre-Dispatch Pricing and Reference Level Pricing algoritms
described in sections 9 and 13, respectively, shall use the marginal loss
factors used in the last iteration of the optimization function in the
corresponding scheduling algorithm.

6.4 Outputs from the Security Assessment Function

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

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

6.4.12 pre-contingency and post-contingency sensitivity factors for each time
step:

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

6.4.1.4 loss adjustment quantity for each time-step.

7 Pass 1: Pre-Dispatch Scheduling
Process

7.1.1 Pass 1 shall use market participant and /ESO 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

Appendix 7.6A-244 MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



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 /ESQO’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
aleorithm 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:

83.1.1  SDL;; ;. which designates the amount of energy that a dispatchable
load is scheduled to consume at bus b € B’ in time-step t€ 7Sin
association with lamination j € /fb;

83.1.2  S108DL.; . which designates the amount of synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide at

bus b € B in time-step ¢ € 7.Sin association with lamination j € /},25;

8.3.1.3  S10NDL,, ;. which designates the amount of non-synchronized zen-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b€ BPL in time-step t€ 7S in association with

lamination j € /2%,

th 2

8.3.14 S30RDL, b which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b € BPL
in time-step £€ 7.51n association with lamination j € /22"’;
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8.3.1.5  SHDR;; ;. which designates the amount of energy reduction scheduled
for an hourly demand response resource at bus b € B#PR in time-step
t€ TSin association with lamination j € ]fb;

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

8.3.1.7 S10NXL, djis 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 £€ 7.51in association with

lamination ;€ ]}/?,N :

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

8.3.1.9 SNDG, , ;. which designates the amount of energy that a non-

dispatchable generation resource is scheduled to provide at bus b €

BMP¢ in time-step t € TSin association with lamination k € K’f .

8.3.1.10  SDGy, . . which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC), at bus
b € B¢ in time-step ¢ € 7'Sin association with lamination k€ Kf .

8.3.1.11 ODG,;, ., which designates whether the dispatchable generation
resource at bus b € B”C has been scheduled at or above its minimum
loading point in time-step t€ 75

8.3.1.12 DG, , which designates whether the dispatchable generation
resource at bus b € B”C has been scheduled to reach its minimum
loading point in time-step t€ 75

8.3.1.13  $510S5DG, . which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € B?C in time-step £€ 7.5in association with

At 0S.
lamination k€ K;;’;

8.3.1.14 S10NDG, . which designates the amount of non-synchronized fen-
minute operating reserve that a dispatchable generation resource is
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83.1.15

8.3.1.16

scheduled to provide at bus b € 5”¢ in time-step ¢ € 7'Sin association

with lamination k€ K}%N :

S30RDG,p, ., which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € B”¢ in time-step t€ TS in association with

ot 0R.
lamination k€ K7;,";

SCT,;, . which designates the schedule of the combustion turbine

8.3.1.17

associated with the pseudo-unit at bus b € BV in time-step € TS

SST, . which designates the schedule of steam turbine p € PS7'in

8.3.1.19

8.3.1.21

time-step t€ 75,

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

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

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

dispatchable hydroelectric generation resource at bus b € B has
been scheduled at or below ForL ;. or, at or above ForlU,,,;in time-

step t€ TS,

8.3.1.22

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

SIG, 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 £ € 7.5 in association with lamination k€ K‘f "

S10NIG, 4 . which designates the amount of non-synchronized fen-
minute operating reserve that a boundary entity resource is scheduled
to provide from intertie zone source bus d € D/ in time-step € 7.Sin

association with lamination k€ K19/
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8.3.1.24  S30RIG, 4, which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from

intertie zone source bus d € D/ in time-step £ € 7.5 in association with

ot 0R.
lamination K€ K7 ;";

8.3.1.25 TB,, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in time-step t € 7.5, 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 ¢ € 7.5. 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 (ObjDLr - ObjHDR, + ObjXL, - OijDGr)
s\ - ObjDG, - ObjIG, - T, - ViolCost,
te

where|

Z SDLyp,PDLyy; - Z S108DLyp,PLOSDL,p; -
[ € -EIUS
ObjDL, Z J €% J €t ;
P Z SLONDLy,-PLONDLy, ;- Z S30RDLy ;" P30RDL

i =l 0N 0rR
J Ejgb /€ Lb

ObjHDR, = Z SHDR,;,PHDRy; |;
bEBHOR \ j gff,

Z SXLyqyPXLyqy - Z S1ONXLyq;PLONXL, 4
- 0N
ObjXL, = Z Jelta Jelta ;
deDx = Z ASBORAYLEd]'.P?)ORXLtd}

jehd"
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ObjNDG = ( SNDG,y,;"PNDG,, k) ;
beBVPC \ kek?,

ObjDG, =

Z SDGyp 3 PDGpp i + Z S108DG,y,-PLOSDG,p 5 +

keKg, kekgp®

: + Z (00G.,-MGODG, |
iphe Z S10NDG 4 PLONDG, 1+ Z S30RDG, ;- P3ORDG, . | p55tes
KkeRiON keR2OR

. T;

IDGy,-SUA deGt:f) ;
and

Z SIGy g PlGyay + Z S10 NG -PLONIG,

ObjIG, = E keKia kekia
=

0R
ek

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

5= + TBDG, + TBIG,

Where

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

QDL QLO0SDLy

J€lty

L ((ﬂoNDLW)zaTBPen)+ Z ((ﬂORDLW)Z-TBPen)
QLONDL Q30RDL
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, ;e Q1 taf

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

@30RXL,

TBXL~=

AR
S Eed

(SNDG,)" -TBPen))

TBNDG= Z Z
‘ ( QNDG,, ;.
bepNDG ‘[{Ebe Sl

Z ((Spagb,k)z-rgpen) . Z ((5105905&,()2'?3&”) N
DG,yr 05DG,
&2, QDG i (s Q1 thk

L ((ﬂUNDka)Z -TBPen) .\ ((530 RDG,yy) -TBPen)
keRTN KRR

’

TBDG,~

QLONDGyp g @PBORDGyp i

and

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

QIG; 4x QLONIG, 41
k€K

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

PBORIG, 44

8.3.2.2 ViolCost, shall be calculated for time-step £ € 7.5 using the following
variables:
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8.3.2.2.1 SLdViol,;, which designates the violation variable affiliated
with segment 7 € {1,.,V;4y;,,}_0f the penalty curve for the
energy balance constraint allowing under-generation;

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

8.3.2.2.3 S10SViol,;, which designates the violation variable affiliated
with segment 7€ {1,.,, V1 spj,;,}_of the penalty curve for the
synchronized ten-minute operating reseryve requirement:

8.3.2.2.4 S10RViol,;, which designates the violation variable affiliated
with segment 7€ {1,.,, V1 gyjo;,}.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,.,, V39 gpjo),}_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,., Ngzgi0rvios,}_0f the penalty
curve for violating the area total ten-minute operating reserve
minimum requirement in region € ORREG,

8.3.2.2.7 SREG30RViol,,;, which designates the violation variable
affiliated with segment 7 € {1,., Ngzg30rvios,}_0f 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,.., Nxgzc10rvios}_0f the penalty

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

8.3.2.2.9 SXREG30RViol,;,which designates the violation variable
affiliated with segment 7 € {1,., Nxgz30rvios,}_0f the penalty

curve for violating the area thirty-minute operating reserve
maximum restriction in region rr € ORREG:,
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8.3.2.2.10 SPrelTLViol; , which designates the violation variable
affiliated with segment /€ {1,.., Np.e/71vios,, }_0f the penalty
curve for violating the pre-contingency transmission limit for

facility f€ F;

8.3.2.2.11 SITLViol, ;. which designates the violation variable affiliated
with segment /€ {1,.., N7, i, } of the penalty curve for

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

8.3.2.2.12 SPreXTLViol,,; , which designates the violation variable
affiliated with segment 7 € {1,.., Npex7svios,,} of the penalty

curve for violating the import/export limit affiliated with
intertie limit constraint z € Zg.p;

8.3.2.2.13 SNIUViol,;, which designates the violation variable affiliated
with segment 7€ {1,.,, Ny, }.0f the penalty curve for

exceeding the net interchange increase limit between time-
steps (#-1)_ and £

8.3.2.2.14 SNIDViol,;, which designates the violation variable affiliated
with segment 7€ {1,.., Ny;py;o;,}_of the penalty curve for

exceeding the net interchange decrease limit between time-
steps (¢-1) and £

8.3.2.2.15 SMaxDelViol,,; , which designates the violation variable
affiliated with segment 7 € {1,., Nyjzxpervior,}of the penalty
curve for exceeding the maximum daily energy limit constraint
for a resource at bus b € BLR;

8.3.2.2.16 SMinDelViol, ; , which designates the violation variable
affiliated with segment 7 € {1,.., Ny;,pervios,}.of the penalty curve
for violating the minimum daily energy limit constraint for a
resource at bus b € BE;

8.3.2.2.17 SSMaxDelViol,; , which designates the violation variable
affiliated with segment 7 € {1,.., Nspaxpesvios,}_of the penalty

curve for exceeding the shared maximum daily energy limit
constraint for dispatchable hydroelectric generation resources
in set s € SHE:
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8.3.2.2.18 SSMinDelViol,; . which designates the violation variable
affiliated with segment 7 € {1,.., Nsujinpevios,}_0f the penalty
curve for violating the shared minimum daily energy limit
constraint for dispatchable hydroelectric generation resources
in set s€ SHE:

8.3.2.2.19 SOGenLnkViol,, ). which designates the violation variable
affiliated with segment 7 € {1,., Nogensnivios,}.Of the penalty
curve for violating the linked dispatchable hydroelectric
generation resources constraint by over-generating the
downstream resource, for (by,b,) € LNKsuch that b, € Byl

and b, € Bg‘f; and

8.3.2.2.20 SUGenLnkViol,, »,). which designates the violation variable
affiliated with segment 7 € {1,., Nygenznkvios,}Of the penalty

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

and b, € B!,

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

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

i=1..Ngenvioly i=1..N105Viels

z S10RViol, P10 RViolSch,; + z S30 RViol,-P30 RViolSch, ,+

=1.Nogviol =1.N30 g Vioi;

SREG10RViol,,;"PREGL0RViolSch,; | +

réORREG \ i=1.NREG10RViol;

SREG30 RViol,,;-PREG30RViolSch,; | +

reORREG \ i=1..NgEc0RVial

SXREG10RViol, ,,-PXREG10 RViolSch,, | +

rEORREG \ i=1..NYREG10 RVialy

SXREG30RViol,,"PXREG30RViolSch,
rESTREG F1.NxREGORViely

+ Z Z SPre[TLViol,-PPrelTLViolSchy,,

FEFe \ 1 =1 NpreiTt Vielg,

N Z Z Z SITLViol, , -PITLViolSch.

c€C fEF . \ i=1..Nrrp Viely £t

+ Z Z SPreXTLViol,,,-PPreXTLViolSch,,;
2EZ5ey \ = 1. NpreXTL Vioky s

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

F=1.Nyrivial; =1 Nnipyiols
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+ Z > SMaxDelViol,, -PMaxDelViolSch,

BEBELR \ =1 ,,NngDeJIG'oE:

+ Z Z SMinDelViol, , ~PMinDelViolSch,

BEB"E \ 1 =1..NpsinDeiviol;

+ z z SSMaxDelViol, ; ;PSMaxDelViolSch,  ;

SESHE f=1'-NSMaxDEIVfof;

+ Z Z SSMinDelViol,, -PSMinDelViolSch, ,,

SESHE \ i1=1.NsptinDelViol,

+ Z SOGenLnkViol, g, ) "POGenLnkViolSchy; | |
(b1,b7) ELNK \ 1=1.N;

+ Z Z SUGenLnkViol, y, 1, ;"PUGenLnkViolSchy; | .
(b1, b2) ELNK \ i=T.N;

8.4 Constraints

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

8.5 Dispatch Data Constraints Applying to Individual Hours

8.5.1 Scheduling Variable Bounds

8.5.1.1 A Boolean variable ODG, ;, indicates whether the resource at bus b €
BP¢ is committed in time-step £ € 7S, 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€ B”C,

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

8.5.1.3 Resources providing regulation are considered committed for all the
hours that they are regulating.
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05,
b

0N,
b

and

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

8.5.1.5  Ifthe dispatchable generation resource at bus b € B¢ is considered
committed according to the requirements in sections 8.5.1.2. 8.5.1.3.
and 8.5.1.4 in time-step t€ 7S then:

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

0 <SDL;; < ODL,,, forall b €BP, j €J7,;
0 <S10SDL,3; < QI{).S'DLI 5 forall b EBDLJ E.Ii

0 <S10NDL;;; < Q10NDL, forall b €BPL, j €J;

0 <S30RDL,;,; < Q30RDL,,; forall b € BPL, je £O%;
0 <SHDR;;; < QHDR,, for all b € BPR j €5,
0 <SXL,4; < QXL foralld €DX, j € J;

0 <SI0NXL,,; < QIONHMJ_ foralld DX, j g‘j},gN;
0 <S30RXL,;; < Q30RXLW foralld eDX j € I,S,R;
0 <SNDG,;; < ONDG,, ., forall b € B'PC, k €K%y,
0 <SIG,,; < QIG, , foralld €DI, k €K7y
0 <SI0NIG,.; < QIONIG, ,, foralld €DI k €K,
0 <S830RIG, 4, < QBORIG, 4 forall d€ DI ke Kig’?
for all time-steps t€ TS

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
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8.5.2

0 <8SDG,;; <ODG,,"ODG,, , forall b € B°, 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,,"@BORDG,,,  forall be B, ke KR,

Resource Minimums and Maximums for Energy

8.5.2.1

A constraint shall limit schedules for dispatchable loads within their

8.5.2.2

minimum and maximum consumption for a time-step. For all time-
steps t € TSand all buses b € B”L:

MinDL,, < » SDL,,, < MaxDL,,

JEly

The non-dispatchable portion of a dispatchable load shall always be

8.5.2.3

scheduled. For all time-steps ¢t € 7'Sand all buses b € B”L:

Z SDL,,; = QDLFIRM,),
JE€lep

A constraint shall limit schedules for non-dispatchable generation

8.5.2.4

resources within their minimum and maximum output for a time-step.
For all time-steps ¢ € 7S and all buses b € BVPC:

MinNDG,, < ZK; SNDG, ), = MaxNDG,
KEK,

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 ¢ € 7Sand all buses b € B”C,
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Min(MaxDG, ,,FG,,) ifbe B

AdjMaxDG,, = { MaxDG, otherwise

and

AdjMinDG,, = Min(MinDG,,,AdjMaxDG,}).

For all time-steps ¢ € 7Sand all buses b € B G;

AdjMinDG,,, < MinQDGC,- ODG,,+ ZK; SDG,, ;. <AdjMaxDG,,,
KERY )

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, p, then
the commitment status value, ODG,, shall be changed to a value
between 0 and 1.

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

receive a schedule of zero.

8.5.2.7 Minimum and maximum limits placed on hourly demand response
resource schedules for the purposes of reflecting activation/non-
activation decisions shall be respected. For all time-steps £ € 7.5 and all
buses b € BPR;

MinHDR,, < Z SHDR,,; < MaxHDR, .
JE th

8.5.3 Off-Market Transactions

8.5.3.1 For all time-steps ¢t € 7.5 and all intertie zone buses corresponding to
an inadvertent energy payback export transaction d € DXV

Z SXL&‘:&; = Z QXL{;Q’L}'
J€ltq J€ltq
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8.5.4

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

Zr; S[thd,k = ZK; Q‘!Gt,aﬂk'
KEKY 4 KeK, 4

8.5.3.3 For all time-steps £ € 7S and all intertie zone buses corresponding to
an emergency energy export d € DXEM:

Z SXLyqy = Z QXLyqy
JE, td

)rEj;d'

8.5.34 For all time-steps t € 7.5 and all intertie zone buses corresponding to
emergency energy import d € DIFM:

Z? SIG, 4 = 01G,
ke td ke d

Intertie Minimum and Maximum Constraints

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

SXLyq; < SXLTZM;

JEleq

SLONXL, 4; < SLONXLTM:
jéld"

and

Z S30RXL, ,; < S30RXLTM,
: R
T ¢d
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8.5.4.2 Import offers with no day-ahead market schedule may be evaluated
bevond the first two forecast hours of the look-ahead period for the
purpose of reliability.

8.54.3 A constraint shall limit import schedules beyond the first two forecast
hours of the pre-dispatch look-ahead period to the corresponding day-
ahead market schedules for import transactions plus any additional
offered quantities permitted for reliability reasons, with the exception
of transactions flagged as capacity imports or off-market transactions,
subject to Chapter 7, section 5.2.2. For time-step ¢ € {4,..,n1;4p}.and
intertie zone source bus d € D/ such that d & DI¢4PEX gy DIFM u DIIVP .

SIGy g5 < SIGTP4M + SIGTEFTR4;

kEK} 4

S10NIG, 4, < S10NIGTP{M + STONIGTEF™R4;

ek

and

S30RIG, 4 < S30RIGTP™ + S30RIGTESTRA,

30R
kEKY 4

8.5.4.4 A constraint shall limit intertie schedules as a result of intertie
curtailments. For intertie zone sink bus d € DX and time-step t€ 75

ICMinXL,, < Z SXLy 4y < ICMaxXL, 4.
JE td

8.5.4.4.1 For intertie zone source bus d € D/ and time-step t€ 75

Appendix 7.6A-260 MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



ICMindG,, < ZK; SIG, ;; < ICMaxIG,y;

ICMIimMONIG,,< Y SLONIG, 5 < ICMax10NIG, ;
kekiON

and

ICMin30RIG, ;= S30RIG, ;; <ICMax30RIG,,

. R

8.5.5 Operating Reserve Requirements

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

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

8.5.5.1.2 the total scheduled load less the non-dispatchable portion: and

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

8.5.5.1.4 These restrictions shall be enforced by the following constraints
for all time-steps ¢ € 7S and all buses b € B”L:

S108DL, ,;+ S10NDL,;,;+ Z; S30RDL, ), ; < 30-ORRDL,;
jerg JERSR

I'Ef}. 3,5

SL0SDL,,,+ Z; SIONDL,,;+ Z; SBORDLW;:'Z SDL,, ;- QDLFIRM, ;
JENYS jenay ek JEIE

and

;SwsDLw o+ ; SIONDL,, + ; S30RDL, 5, < Z; SDL, ;,-MinDL,5.
€l jers” JERg i€Tp

8.5.5.2 The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
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ramp rate. This restriction shall be enforced by the following
constraint for all time-steps ¢ € 7:Sand all buses b € B”L:

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

Jelhg’ jersy

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 £ € 7.5 and all intertie zone sink buses

d€ DX

Jeltd”

S'lDNXLwJ + ; QOMLM;;- EZ SXL{;G:J;.
: R
J€ltd T€lea

8.5.54 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 ¢ € 7'Sand all buses b € B”¢:

S105DG, ,, ; + S1ONDG, , + S30RDG,,, , <30-ORRDG,;
keKiys kexloN kek9R
Za S108DG, ;. + Z S10NDG, ;, + S30RDG, = (QDG, - SDG,y1);
kK9S kel OV keKoR keKE,
and

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

keKLDS kekFON keKFOR
< AdjMaxDG,; — SDG, . — MinQDGC,,.

KEKP)

8.5.5.5 The amount of both synchronized and non-synchronized ten-minute

operating reserve that a dispatchable generation resource is scheduled
to provide shall not exceed the amount by which the resource can
increase its output over 10 minutes, as limited by its operating reserve
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ramp rate. This restriction shall be enforced by the following
constraint for all time-steps ¢€ 7.5 and all buses b € B”C:

S10SDG, , ;. + z S10NDG,,, < 10 - ORRDG,.

105 10N
keK¢p k€Ki p

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

S10SDG, , ;

108
kEKfE

1
< | MinQDGC, - ODG, , + Z SDGp | (W)
keKE, »

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

108
KEK

8.5.5.7 The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its
reserve loading point for thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all all time-
steps ¢t € TSand all buses b€ BDGM}’QLPSOI’?Uj >0:

S30RDG, ,

kekiiR

1
= | MinQDGC,, - ODG:,!J + SDG**M I (W)
REKrb trb

min<{ 30 - ORRDG,, z Q30RDG, p

kekiIR
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8.5.5.8 The total non-synchronized ten-minute operating reserve and thirty-
minute operating reserve scheduled for an hour shall not exceed the
remaining maximum import offers minus scheduled energy imports.
This restriction shall be enforced by the following constraint for all
time-steps ¢ € 7.Sand all intertie zone source buses d € DI

S10NIG, 4 + Z S30RIG . = Y (QIG,qx — SIG,qz).

kekFoN kek PR kEKE,

8.5.6 Pseudo-Units

8.5.6.1 A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam turbine
shares in the operating regions of the pseudo-unit determined in
section 15. For all time-steps ¢ € 7'Sand pseudo-unit buses b € B™Y:

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

+(1 — STShareDR,) - Z; SDG,,x |
kEKPR

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

STShareMLP, - MinQDGC, - ODG,, +

S5Tep = 27 STShareDR,, - Z SDGyp |+ Z SDGep
bEBy

R F
L3 keKtp

8.5.6.2 Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules. For
all time-steps ¢ € 7T'Sand pseudo-unit buses b € B™Y:
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MinQDGC, - ODG, , < MaxMLP,,,

Z; SDG,,, < MaxDR,,,

R

Z SDG, ,, < MaxDF,,,

F
KEK

and

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

kEKE, ek DS kek N
+ Z S30RDG,,, < MaxDR,, + MaxDF, .
kekggR
8.5.6.3 For a pseudo-unit that cannot provide ten-minute operating reserve

from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled in its duct firing region whenever the pseudo-unit is
scheduled for ten-minute operating reserve. For all all time-steps

t€ TSand pseudo-unit buses b € BNO1ODF.

010R,, € {0,1},

and

SDG,, . + Z S105DG, , , + Z S10NDG, ,
kEKE), keKFES kekEIN
< MaxDR,,, + (1 — O10R, ) - MaxDF,,

8.5.6.3.1 For all time-steps t€ TS, pseudo-unit buses b € BVO1OPF and

=
105.

laminations k€ K, ;°:

S10SDG, < O10R,,-QL0SDG, ;.

8.5.6.3.2 For all time-steps t € 75, pseudo-unit buses b € BNOlODF, and

laminations k€ A9V

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

8.5.6.4 For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3. the combustion turbine
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8.5.7

BPS U

schedule for the pseudo-unit at bus b € in in time-step t€ 7S will

be equal to:

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

loading point;

8.5.6.42 RampCTCy), if the pseudo-unit is scheduled to reach minimum

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

8.5.6.4.3 0 otherwise.

8.5.6.5

For the purposes of the energy balance constraint in section 8.7.1 and

the transmission constraints in section 8.7.3, the steam turbine
schedule for p € PST shall be equal to 557}, , plus any contribution

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

loading point in thermal state m € THERM in time-step (¢ + w)_for
w €{1,.,RampHrsC}'}.

Dispatchable Hydroelectric Generation Resources

8.5.7.1

A dispatchable hydroelectric generation resource shall be scheduled

8.5.7.2

to at least its hourly must-run quantity. For all time-steps ¢t € 7S and
dispatchable hydroelectric generation resource buses b € BE:

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

kEK,

A dispatchable hydroelectric generation resource shall either be

scheduled to 0 or to at least its minimum hourly output. For all time-
steps t € T'Sand all hydroelectric generation resource buses b € B

OHO,, €{0,1};
0DG,, - MinQDGCj + SDG,, . = MinHO, , - OHO, , ;
REKY

and for all k €K7
0 <SDG,; < OHO,»-QODG, , ..
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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 € 7Sin dispatch day g, all dispatchable hydroelectric
generation resource buses b € B and all /1€ {1,.,NFor,;}:

OFR,),; €{0,1};

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

MinQDGC, + Z QDG |

KEKE,

and

ODGt,b ' ManDGCb + Z S‘DGE.b.k = (1 - OFRE,!J.E) ' FOTUqu_E.
keKy)

8.5.8 Wheeling Through Transactions

8.5.8.1 The amount of scheduled export energy must be equal to the amount
of scheduled import energy for wheeling through transactions. For all
time-steps ¢ € 7.5 and all linked boundary entity resource buses
(dxdi) € Lg

Z SXLt,dx._.' = S1Gy gi je-

J€ltax kEK} 44

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

8.6.1 Energy Ramping

8.6.1.1 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
URRDLyy,, and uses DRRDL,, to represent a ramp down rate selected
from DRRDLy .

8.6.1.2 For disptachable generation resources, the constraints in section
8.6.1.7 and section 8.6.2.2 use URRDG), to represent a ramp up rate

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-267



selected from URRDG, j,, and uses DRRDG), to represent a ramp
down rate selected from DRRDG, p, .

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

8.6.14 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 € 7S the ramping rates in all ramping constraints shall be
adjusted to allow the applicable resource to:

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

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

8.6.1.5 Energy schedules for dispatchable loads cannot vary by more than an
hour’s ramping capability for the applicable resource. This constraint
shall be enforced by the following for all time-steps ¢ € 7.5 and buses

be B’L;
SDLE_L;,J —60-DRRDL, = Z SDLCJb_j
J‘IEJ:—Lb jE;E,b
= SDLE—l,b,j + 60-URRDL,,
JE€Ji_1p

8.6.1.6 Energy schedules for hourly demand response resources cannot vary

by more than an hour’s ramping capability for the applicable resource.
This constraint shall be enforced by the following for all time-steps
t€ TSand all buses b € BPR:

(QHDR,_,,,; — SHDR,_,,,) — 60 - URRHDR,
JE€It_1p

= Z (QHDR,; ; —SHDR,, ;)

JEItn

IA

(QHDR,_,,; —SHDR,_, ;) + 60 - DRRHDR,,.

JElt_1 b
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8.6.1.7 Energy schedules for a dispatchable generation resource that is
committed cannot vary by more than an hour’s ramping capability for
the applicable resource. For all time-steps t € 7.5 and all buses b €
BDG;

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

0< SDG,, < 30 URRDG,
KERLY

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

applied:

SDG,_1 . — 60+ DRRDG, < Z SDG, ;i
kREKE 1 p KEKEY
< 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, ODGy,4 p = 0, the following constraint shall be

applied:

0< SDG,,x < 30+ DRRDG,
kEKE)

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

8.6.1.9 For time-steps where non-quick start resources are ramping up to
minimum loading point, energy shall be scheduled for these resources
using the submitted ramp up energy to minimum loading point.

8.6.2 Operating Reserve Ramping
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8.6.2.1 The total synchronized fen-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 € 7.5
and all buses b € BPL:

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

J€Its® J€lth" JeIEp"
< Z SDL,,, — SDL,_y ), + 60 - DRRDL,
JEItp JEIt-1p

8.6.2.2 The total synchronized fen-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 ¢ € 7S and all buses b€ B”¢:

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

kekP9S reek 9N 30R

< Z SDGy 1y — Z SDG, ,, + 60 - URRDG,;
kEKY 1 p kEK},

kEKYh

S10SDG, , . + Z S1ONDG, , , + Z S30RDG, , .

105 10N 30R
KEKED KEKE kEKZD

+ SDG,,, < [(t —n) - 60+ 30] - URRDG, - ODG,,
kEKP,

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

S10SDGy . + z S10NDG, ;. + Z S30RDG, 1,
kEK}DS kekiNy kekFOR
+ SDG, . < [(m—1t)-60+ 30]- DRRDG, - ODG,,
KEKE)

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

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

8.6.3.2 In the first forecast hour of the pre-dispatch look-ahead period, a
resource’s current hours on shall determine any remaining minimum
generation block run-time to enforce. If 0 < /nitOperHrs;, <
MGBRTDG,, . then the resource at bus b € BV’ has yet to complete
its minimum generation block run-time, and:

0DG, 5, 0DG3 p,...,0D GmI'n(nL APMGBRTDG o p-InitOperHrs, +1),b = 1.

8.6.3.3 In the first forecast hour of the pre-dispatch look-ahead period (i.e.
time-step 2), the number of hours a resource has been down shall
determine any remaining minimum generation block down time to
enforce and shall respect the minimum generation block down time for
a hot thermal state. 1f 0 < InitDownHrs, < MGBDTDG; 9. then the

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

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

ini(11,4p,MGBDTDGIOL ~ InitDownHrsy +1),b —

8.6.3.4 If ODG,, ,=0.and ODG,, =1 for time-step t€ 745, 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:

ODGy 1,5, 0DGy 2,1y, ODGrpin(ny ypt + MGBRTDGC1),0 = 1

8.6.3.5 If ODG,4 , = 1 and ODG,, = 0 for time-step t€ 75, 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:

0DG,, 1 ,,0DG,, 5 1,..,0DG 0.

min(ngapt+ MGBDTDGCHOT-1),b —
8.6.3.6 A Boolean variable /DG, indicates that the non-quick start resource
at bus b € BV is scheduled to reach its minimum loading point in

time-step t € 7.5 after being scheduled below its minimum loading
point in the preceding time-step. A value of zero indicates that a
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resource is not scheduled to reach its minimum loading point, while a
value of one indicates that it is scheduled to reach its minimum loading
point. Therefore, for all time-steps ¢€ 7'Sand all buses b € BV¢*:

1 ifODGy ,= 0 and ODG,,= 1

1DG, ={
tb 0 otherwise.

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

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

tETStod

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

IDG,; < MaxStartsDG,,,, p-
tETStom

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

8.6.3.8.1 If 0 < InitDownHrs, + t— 1 < MGBDTDGCL®", then the
resource cannot be scheduled in time-step £,

8.6.3.8.2 If MGBDTDGCI®T < InitDownHrs, + t—1 <
MGBDTDGC)Y*RM_then the resource will be assigned a “HOT”
thermal state for time-step t and the start-up offer SUDG." shall

apply. The ramp up energy to minimum loading point profile shall
lﬁRampEcggvT for we{l,.,RampHrsCy'}:

8.6.3.8.3 If MGBDTDGC"**"™ < InitDownHrs, + t—1 <
MGBDTDG bOLD , then the resource will be assigned a “WARM”
thermal state for time-step t and the start-up offer S UDG?ZARM
shall apply. The ramp up energy to minimum loading point profile

shall be RampECgVV’ﬂRM for we{l,.,RampHrsCy'}; and
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8.6.4

8.6.3.8.4 If MGBDTDGCSP'P < InitDownHrs, + t— 1 then the resource
will be assigned a “COLD” thermal state for time-step t and the
start-up offer S UDGggLD shall apply. The ramp up energy to
minimum loading point profile shall be RampEcg’evLD for
w E€{1,.,RampHrsC}'}.

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

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 € BELR where an enerey limited resource is located
and all time-steps 7€ 75,,.:

0DG,, - MinQDGC, + SDG,
t=2.T kEK:’.,b

+ 100RConv Z S10SDGry, + Z S10NDGy

108 o= LON
kEKT kEKT Y

+ 300RConv Z S30RDGy

kekFoR

—_ z SMQXDGIViOI!T_b_E

t=1.NMaxDevVioly

< MaxDEL,,,, — 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
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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 € BFLR where an energy limited resource is located and all

time-steps 7€ TS,

0DG, ;- MinQDGC,, + SDGy p,

t=tom-T kEK),

+ 100RConv Z S10SDGy,, + Z S10NDGy,

108 = 10N
KEKT b kEKD p

+ 300RConv Z S30RDGy, 4

30R
kEKD

- Z SMaxDelVioly,; < MaxDEL,y, .

i=1.NMaxDelViolp

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. 1f 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"E:
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0DG, , - MinQDGC,, + SDGyp 1
tETStod keEK)

+ Z SMinDelViol, ,,; | = MinDEL,,4, — EngyUsed

i=1.NpMinpetvioly

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

0DG,, - MinQDGC, + Y SDG,,,
tETStom kER)Y

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

i=1.NMinDelViol;

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

hydroelectric generation resource at bus b € was counted in time-
step ¢t € TS_as a result of the resource schedule increasing from below
its i-th start indication value to at or above its i-th start indication

fori €{1,.., NStartMW,}. A value of zero indicates that a start was not
counted, while a value of one indicates that a start was counted.
Therefore, for all time-steps 7 € TS, buses b € BF and start indication
values i € {1,..,NStartMW}.

1 if ODGE—l,b . METIQDGCB + SDGI—I.b;k < StﬂTtMWb_i

kEK_ 1 b
IHEE,b,i =

and | ODG,, MinQDGCy + Y SDG,,, = StartMW,

kEK: ),

\ 0 otherwise.

8.6.5.3 Dispatchable hydroelectric generation resources shall not be
scheduled to be started more times than permitted by their maximum

number of starts per day. If the pre-dispatch look-ahead period spans
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two dispatch days, this constraint shall be applied for both days. The
following constraint shall apply for all buses b € B7E;

IHE,,; | < MaxStartsHE,,;;, — NumStartsHE),.
tETStoa \i=1.NStartMWy

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

IHE, ,; | < MaxStartsHE,,,, ;.
tETStom \ i=1.NStartMWy

8.6.5.4 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not exceed shared maximum
daily energy limits. If the pre-dispatch look-ahead period spans two
dispatch days, the constraint shall be applied for both days, where the
constraint for today shall consider the amount of energy already
provided by resources with a registered forebay. Violation variables
for over-scheduling the maximum daily energy limit may be used to
allow the pre-dispatch calculation engine to find a solution. For all
sets s € SHE and all time-steps 7€ 75;,4:

z Z, 0DG, , - MinQDGC, + ZSDGEJ,,_;{

t=2.T \p elE KEK
+ Z 100RConv Z S10SDGy . + Z S10NDGy
beBHE keKFIS kekFN

+ 300RConv Z S30RDGy i

kekFIR

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

{=1.Nsmaxpetviolp

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€ 75;,,,:
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Z Z 0DG, , - MinQDGC, + Z SDG, ,
t=ttom-T bEBSE

kEKED

+ Z 100RConv Z S510SDGyr ;e + z S10NDGy y,
beBHE

keKF3S kekFN

+ 300RConv Z S30RDGr .

30R
keKpp

— Z SSMaxDelVioly .y < MaxSDEL,,,,

i=1.NsMaxDelVioly

where the factors 10 ORConvand 30 ORConv shall be applied to
scheduled ten-minute operating reserve and thirty-minute operating
reserve to convert MW into MWh.

8.6.5.5 Schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared minimum daily
energy limits. If the pre-dispatch look-ahead period spans two dispatch
days, the constraint shall be applied for both days, where the
constraint for today shall consider the amount of energy already
provided by resources with a registered forebay. Violation variables
for under-scheduling the minimum daily energy limit may be used to
allow the pre-dispatch calculation engine to find a solution. For all

sets s€ SHE:
Z Z 0DG, , - MinQDGC,, + Z SDG, p i
-'«'Ersto::t b EBS E kEKt.b

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

i=1L.NsMinDelVioly

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

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

8.6.5.6

KEK: )

4 z SSMinDelViol, ,, | = MinSDEL,,,,..

i=1.NsMinDelViols

For linked dispatchable hydroelectric generation resources with a

8.6.5.7

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.

For linked dispatchable hydroelectric generation resources, time-steps

8.6.5.8

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.

For all linked dispatchable hydroelectric generation resources

8.6.5.9

between upstream resources by € Bjy; and downstream resources b, €

BIE for (by,b,) € LNKC and all time-steps ¢ € 7:Ssuch that <
LagCy, p,*1:

Z O0DGy ), - MinQDGC,,, + Z SDGy, x

bEBGE KEKEY,,
B Z SOGenLnkViol, g, 1.
i=1.NoggenLnkViol;

4 z SUGenLnkViol, (y, .,

i=1.NygenLnkViols

- MWhRatiOCbl,bz ' PastMWhE_bl.

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.
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8.6.5.10  For all linked dispatchable hydroelectric generation resources
between upstream resources by € B’U’L‘;{;F and downstream resources b, €

B for (by,b,) € LNKC and time-steps ¢ € TS such that ¢+
LagCy, p, < Npap:

ODGyypagey, b, - MINQDGCy, + Z SDGeyLagey, by bak

E E
b2€Bgn ""’EKHLa,gCDl_bz.bz
- > SOGenLnkViol,s1ag, . (v
i=1uNocenLnkvunr+Lagblbz
+ > SUGenLnkVioly 1agy. . (bub

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

— MWhRatioC,_,, - Z 0DG,,, - MinQDGC,, + Z SDGyp
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 ¢ € 7%, With,, shall be represented by:

SDL,,,; if b € BP:
JEltp
(QHDR,, ; — SHDR, ) if b € BHPR

'€t

Withtrb -

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

Witht.d = SXLt.d,j'
J€lta
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8.7.1.1

The total amount of injections scheduled at internal bus b € B in time-

8.7.1.1

step t€ TS, Inj, ;. shall be represented by:

Inj,, = Offerlnj,, + Ramplny,,

where:
Z SNDG, if b € BNDG
kEth
OfferInj,, =
0DG,, - MinQDGC, + Z SDGuyx  if b € B
kEKED
and
RamplInj,

RampECY,, - IDGy., if b € BN

w=1..min(RampH:r'sC§‘.nLAp—r)
0 otherwise

The total amount of import energy scheduled at intertie zone bus d €

8.7.1.1

DI in time-step ¢ € T, Inj, 4, as the imports into Ontario from that
intertie zone bus shall be represented by:

Mjeq = ) SIGya.

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-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 £ € 75, the energy balance
shall be:
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FL, + Z (1 +MglLoss, ) - With,

bEBDLUBHDR

+ Z (1+ MglLoss;q) - Withy 4 — Z SLdViol, ;
deDX i=1~NLdVioit

= Z (1 + MglLoss,y) - Injg p,
bEBNDGUBDG

+ Z (1 + MglLoss,4) - Injeq — Z SGenViol, ;
deD! 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€ 7§:

Z Z S10SDL,,; | + Z Z S10SDG, ;. |+ Z $10SViol, ;

beBDL \ jg 108 bEBPG \ ek 198 i=1.Njosviol,

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

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

+ Z S10RViol,; = TOT10R,;

i=1.Nyorviol,

and
z Z S10SDL,,; | + Z z S10SDG,, ;. | + z Z S10NDL,, ;
bEBPL \ jejips beBPE \kex})s beBDL \ je j1oN
+ Z z S10NXL,4; | + z Z S10NDG, 1
deDX J'Ejg:gN peBDG REKE:BN
+ Z Z S10NIG 4z | + z z S30RDLy
deDl kEKrl,gN beRDPL }'E]?.ER
+ Z Z S30RXL,q; | + Z Z S30RDG, , x
deDX j'E]EgR bEBDPG kEKﬁgR

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

deDI \ kek3OR i=1.NaoRvial,

8.7.2.3 The following constraints shall be applied for each time-step t€ 75

and each region r € ORREG:
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S10SDLy; |+ Z z S10SDGy,

beBREGNBDL \ jejios beBREGNBDG \ kek}ps

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

bEBRECNEDL \ jesiol depBECnpx \ jeste

beBFECNBPE \kek PN deDRECnpr \kek}oN

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

+ z SREG10RViol,,; = REGMin10R,,;

i=1.NggGioRViols

Z S10SDL,,; |+ Z Z S10SDG,

bEBREGNBDL \ jeios beBFECNBDG \ kek}DS
+ Z S10NDLgy; | + Z Z S10NXL; g,
beBRECNBPL \ jeyioN deDFECnpx \jejig
+ Z S10NDGpp | + Z S10ONIG 44
beBFECNBDG \ kek DN deDFECnDI \ kek Y

- Z SXREG10RViol,,; < REGMax10R,,;

i=1.NxpEGiorviols

S10SDLy,; | + Z S105DGyy
beBREGNBPL \ jejios bEBFECNBPE \keK;
N Z Z S10NDLy,,; | + Z Z S10NXLy
beBREGRBDL \ jeToN deDfECnpx \ jesioy
SlONDGt‘ka + Z Z S10NIG 4
bEsREGnBDG KkeKZON deDfECnDI \kek}2§Y
S30RDLM,J- + Z Z S30RXL; 4,
bEBREGanL JEJEOR deDFEnDX \ je iR
530RDGt,b,k + Z Z S30RIG, 4.
bEBREGnta KEKZOR deDRECADI \ kekiOR

SREG30RViol,,; = REGMin30R,,;

i=1. NREcsogwax,

and
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+

+

+

+

+

+

=

8.7.3

S10NDL,

beBFECNBPL \ jej gl

S10NXLyq; S10SDL, ;

beBFECNBDL \ jejt9s

2.

beBRECNBPE

2.

beBFECNBPL \ je 3R

~—

deDRECnpx \ jejtoN

S10SDG, 5y | +

108
keK}D

S10NDG,

10N
KEKL

S~—

bEBEEGNBDG

S1ONIG, 45,

deDEEC DI \kek}QN

+ S30RDLy

S—

Z S30RXL.q; | +

deDFECnpx \jeji%R

S30RDG,

beBFECNRDG \kekFPR

S30RIG, 4 SXREG30RViol,.

e— T S

deDFECNDI \kekFIR
REGMax30R;,.

i=1.NxrEG30RViol;

IESO Internal Transmission Limits

8.7.3.1

The Pre-Dispatch Scheduling algorithm shall produce a set of energy

8.7.3.2

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-

8.7.3.3

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

For all time-steps t € 75 and facilities f€ F;, the linearized constraints

for violated pre-contingency limits obtained from the security
assesment function shall take the form:
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PreConSF, - Inj ), — Z PreConSF, ;- Withy,

beRNDGypDG beRPLypHDR
+ Z PreConSF.¢q - Injiq — Z PreConSFfq - With, g
deDI deDX
— Z SPrelTLViols.; < AdjNormMaxFlow, .

i =1--NPreITLVioIfIt

8.7.3.4  For all time-steps t€ T35, contingencies ¢ € C, and facilities f€ F;, the
linearized constraints for violated post-contingency limits obtained
from the security assesment function shall take the form:

SFicrp ey — Z SFicrp+ Withe), + Z SFicf.a
beBNDGyRDG beBPLyBHDR deDI
" Injt‘d - Z SFt,C,f,d " Witht‘d

d€DX
— 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 £ € 7.5and all constraints z€ Zg,,:

EnCoeff,, Z Z SIGyqx — Z z SXLyq,

d€eDI, kE;{fd dEDX, jEjfd

S1ONIGy g + Z S30RIG, 4y | +

a€A: EnCoef fo ;#0 d€DI; \ kegoN kek:IR
+0.5 + (EnCoeff,, + 1) t v
Z Z S10NXLeg; + Z S30RXL¢ 4 ;
deDXa \jesig" JEIESE i
— Z SPreXTLViol,,; = MaxExtSch, ,.

i=1.NpreconXTLViol,;
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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

8.7.4.2.2 be less than the net interchange schedule for the previous time-
step minus the net interchange scheduling limit.

8.7.4.3 Violation variables shall be provided for both the up and down ramp
limits to allow the pre-dispatch calculation engine to find a solution
and for all time-steps t€ TS

Z Z SIG, 1 qx — Z Z SXL,_y 4, — ExtDSC, — Z SNIDViol, ;

deDI kEKtE_Ld deDX jE)’tE—Ld i=1"NNIDVI:O.Er
< E E SIG; g5 — E E SXL¢ g j
deDI kEKEd deDX jejfd
< E E SIGe 1 ay — E E SXLe_1 4, + ExtUSC,
deDI kEKf—l.d deEDX jEJ{tE—Ld

+ Z SNIUViol, ;.

i =L.Nn1uviot,

8.7.5 Penalty Price Variable Bounds

8.7.5.1 Penalty price variables shall be restricted to the ranges determined by
the constraint violation penalty curves for the Pre-Dispatch Scheduling
algorithm and for time-steps ¢ € 7S:

Appendix 7.6A-286 MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



8.8

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,., Ngepvion}:

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 r€ ORREG, 1 € {1,., Nygecorviol,}:
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,..Nogeninkviol,

and

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

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

9.2

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.

Information, Sets, Indices and Parameters

9.2.1

Information, sets, indices and parameters used by the Pre-Dispatch Pricing

aleorithm 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

9.2.12

9.2.13

9.2.14

9.2.1.5

SDGf f ,f designates the amount of energy that the dispatchable
generation resource is scheduled to provide above MinQDGC,, at bus
b € BFIR y BYE in time-step ¢ € 7S in association with lamination
ke be N

ODGf ;? S designates whether the dispatchable generation resource at
bus b € B was scheduled at or above its minimum loading point in
time-step ¢ € TS,

S1 OSDGf ,’3 ,f designates the amount of synchronized ten-minute
operating reserve that the dispatchable generation resource is
scheduled to provide at bus b € BELRX U BE in time-step ¢ € 7S in

association with lamination & € K;5°;

S1 ONDGf f ,f designates the amount of non-synchronized fen-minute
operating reserve that the dispatchable generation resource is
scheduled to provide at bus b € BELR U BE in time-step ¢ € 7S in

association with lamination k €K7 ";

S30RDG. ¥ designates the amount of thirty-minute operating reserve
that the dispatchable generation resource is scheduled to provide at
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bus b € BF*R U B"F in time-step ¢ € 7S in association with lamination
ke Kg 9%. and

9.2.1.6 OH t,ll,) 5 designates whether the dispatchable hydroelectric generation
resource at bus b € B has been scheduled at or above MinHO,  in
time-step ¢ € 7.

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,p, forbus b € BP% and time-step ¢ € TS shall not appear in the
formulation;

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

algorithm;

9.3.13 OHO,, forbus b € BF and time-step ¢ € T'S will be fixed to a constant
value, as determined by the Pre-Dispatch Scheduling algorithm:;

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

93.1.5 _ SOGenLnkViol, s, v, for (by,by) € LNK such that by € B, and b, €

BIE time-stepr € TSand i € {1,... NoGenLnivior, }-shall not appear in the
formulation; and

9.3.1.6  SUGenLnkViol, g, j,y, for (b;,by) € LNK such that b, € Bl and b, €

BYE time-step t € TSand i € {L.... NuGenLniviol, + shall not appear in the
formulation.

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

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

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

beBHDR \ ; Effb

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

. _+E .- 10N
ObjXL, = [t [
deDX - z S30RXLtd} PBORXLth
JEIRST

ObjNDG, = Z Z SNDG¢p - PNDGepk |
beBNPG \ kekf,

Z SDGyyi - PDGpyx + 2 S10SDGy . - PLOSDGyp s +

. keKE, keKESS
ObjDG, = : '
o Z S10NDGy px - PLONDGy . + Z S30RDGy )y - P3ORDGy i
kexiON keki gk

2 SIGy gy PlGygy + Z S10NIG, 4 - P1ONIG, 4 1

ObilG Z KeKE, kek 9N
j iy =
&, + z S30RIG, 4. - P30RIGy

30R
KEeK 4

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

9.32.2 ViolCost, shall be calculated as follows:
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ViolCost, =

i=1L.Npdviol,

_I_

_l_

+

_l_

_|_

_I_

Z SLdViol,; - PLdViolPrc, ;

SGenViol,; -

i= 1--NGenV1'o.Et

Z S10SViol, ; - P10SViolPre, ;

i=1.N1osviol,

S10RViol,; -

i=1.NjoRviol;

2.

S30RViol,; -

i=1.Nzorviol,

rEORREG

TEORREG

TEORREG

i=1.NrEG10RViol,

i=1.NRrEG30RViol;

PGenViolPrc,;

P10RViolPrc,;

P30RViolPrc,;

SREG10RViol,..; - PREG10RViolPrc,

SREG30RViol,.; - PREG30RViolPrc, ;

SXREG10RViol, , ; - PXREG10RViolPrc, ;

i=1.NxREG10RViol,
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+ Z SXREG30RViol,.,; - PYXREG30RViolPrc,

TEORREG \i=1.NxREG30RViol;

+ z Z SPrelTLViol;,; - PPrelTLViolPrcs,;

fE€Fe \i =L.NpreiTiviols,

n Z z Z SITLViol, ;; - PITLViolPre, ;.
cEC fEF ¢ f=1--NITLVEGIC‘fIt

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

z€Zgch \i=1.NprexrLViol,

+ z SNIUViol,; - PNIUViolPrc, ;

i =L.Nnjuviol,

+ Z SNIDViol, ; - PNIDViolPrc, ;

i=L.NNipviol,

+ Z z SMaxDelViol, ;, ; - PMaxDelViolPrc, j,;

bEBELR \i =1.Nyaxpelviol,

+ Z Z SMinDelViol, ,; - PMinDelViolPrc, ,;
beEBHE \ i =1><NMinDeIViaIt
+ Z Z SSMaxDelViol, , ; - PSMaxDelViolPrc, . ;

Ss€SHE \ i =1.Nsmaxpelviol;

+ Z SSMinDelViol, s ; - PSMinDelViolPrc, g;

SESHE \i = L.Nsminpelviols

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

94 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.
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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

9.5.1.2

not exceed the quantity respectively offered for energy and operating

reserve. For all time-steps t € T'S:

0

<SDL,;; < ODL,),

<S10SDL,;; < Q10SDL,,
<S10NDL,;; < Q1ONDL,,_

<S30RDL,;; < Q30RDL,,

< SHDR,;; < OHDR,,

<SXLq4; < OXL,,

forall b €BPL,j € J5;
forall b € B, j €J:3°;
forall b €BPL,j €1y
forall b €BPL,j € PR
for all b € BHPR, j € J&,;

for all d EDX, j €J;

0 <SI0NXL.4; < QIONXL, . forall d €DX,j EJ13";
0 =S30RAZ;4; = O30RXL, ,; forall d €DX,j ELF;
0 =SNDG; = ONDG,, . forall b € B"PY, k €K}y

<SIG,4; < OIG, ,,

<S10NIG, 4 < QLONIG, ,

forall d €DI, k €KZ,
foralld €DI k €K;q'; and

foralld €DI, k EK .

< S30RIG, 4, < Q30RIG, ,,

A dispatchable generation resource may be scheduled for energy and

operating reserve only if its commitment status variable, as
determined by the Pre-Dispatch Scheduling algorithm, is equal to 1.
For all time-steps t € TS:

0 < SDG,p; < ODGIE*-QDGy i for all b€ B”C, k€ Kiy;
forall b€ B, ke K37
forall be B, ke K;3";and

forall b€ B¢, ke t,b .

0 < S10SDG,p i < ODGLY*-QLOSDG,p i
0 < SLONDG, ;< ODGLy*-QLONDG,
0 < S30RDG,,, < ODGLY*-Q30RDG,
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9.5.2

where

ODG, S is a fixed constant in the above constraints, per section 9.8.1.1.

Resource Minimums and Maximums

9.53

9.5.2.1 The constraints in section 8.5.2 shall apply in the Pre-Dispatch Pricing
algorithm.

Off-Market Transactions

9.54

9.5.3.1 The constraints in sections 8.5.3.1 and 8.5.3.2 for inadvertent payback
transactions shall apply in the Pre-Dispatch Pricing algorithm.

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

9.53.3 For all time-steps ¢ € TS and all boundary entity resources scheduled

to import emergency energy that does not support an export d €
DJEMNS.
t K3

Intertie Minimum and Maximum Constraints

9.5.5

9.54.1 The constraints in section 8.5.4 shall apply in the Pre-Dispatch Pricing
algorithm as well.

Operating Reserve Scheduling

9.5.6

9.5.5.1 The constraints in section 8.5.5 shall apply in the Pre-Dispatch Pricing
aleorithm as well.

Pseudo-Units

9.5.7

9.5.6.1 The constraints in section 8.5.6 shall apply in the Pre-Dispatch Pricing
aleorithm as well.

Dispatchable Hydroelectric Generation Resources
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9.5.7.1 The constraints in section 8.5.7 shall apply in the Pre-Dispatch Pricing
aleorithm as well, with the following exceptions:

9.5.7.1.1 energy offer laminations corresponding to the hourly must-run
amount shall be ineligible to set prices:

9.5.7.1.2  minimum hourly output constraints shall be replaced by the
constraints in section 9.8: and

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

9.5.8 Wheeling Through Transactions

9.5.8.1 The constraints in section 8.5.8 shall apply in the Pre-Dispatch Pricing
aleorithm 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
aleorithm 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

9.64.1 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
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find a solution. For all dispatchable hydroelectric generation resource
buses b € BE:

Z ODGEPS - MinQDGC), + Z SDGypx

t€TStod keKE,

+ Z SMinDelViol;y; | =2 MinDEL;yq

i=1.Npinpelviol,

— EngyUsed,,.

9.6.4.1.1 Ifthe pre-dispatch look-ahead period spans two dispatch days,
for all hydroelectric resource buses b€ BE:

Z ODGEPS - MinQDGC,, + Z SDG,p 1

tETStom kEbe

+ Z SMinDelViol;; | = MinDEL 4, p-

i=1.Npinpelviol;

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

9.6.4.3 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum
daily energy limits. Violation variables for scheduling resources above

the maximum daily energy limit may be used to allow the pre-dispatch
calculation engine to find a solution. For all sets s € SHE and all time-
steps 7€ 15,4
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Z Z ODGFPS - MinQDGC, + Z SDG,p

t=2.T \ b eBF¥ keKE),

+ Z 100RConv Z S10SDGr . + Z S10NDGr

beBHE KEKTIS ke

+ 300RConv Z S30RDGr
keKZR
— Z SSMaxDelVioly ;; = MaxSDELy,q s — EngyUsedSHE;.

f=1--NSMaxDBIVio!T

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

ODGFPS - MinQDGC,, + Z SDGyp

t=ttom.T \b eBHE kEKE)

+ Z 100RConv Z S10SDGr 5 + Z S10NDGy

beBHE keKFIS keKTGY

+ 300RConv Z S30RDGrpx
KEKT Y
— Z SSMaxDelViolyc; = MaxSDEL;qp,

i=1.Nsmaxpetvioly

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 £ € 7S;,4:
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9.7

Z Z ODGrP® - MinQDGC, + Z SDG, p,

t€TStoq \b eBHE KEKE,

N Z SSMinDelViol,

i=1.NgMminpelviol,

= MinSDEL;,, s — EngyUsedSHE;.

9.6.4.4.1 Ifthe look-ahead period spans two dispatch days, then for all
sets s € SHE and all time-steps t € 7S;,,:

Z ODGEPS - MinQDGC, + Z SDGypx

t€TStom \b €BHE keKE),

+ Z SSMinDelViol, s ; | = MinSDEL,,, s.

i=1.NsMminpelviol,

Constraints for Reliability Requirements

9.7.1

Energy Balance

9.7.2

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.

Operating Reserve Requirements

9.73

9.7.2.1 The constraints in section 8.7.2 shall also apply in the Pre-Dispatch
Pricing algorithm.

IESO Internal Transmission Limits

9.7.4

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.

Intertie Limits
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9.7.5

9.74.1

The constraints in section 8.7.4 shall also apply in the Pre-Dispatch

Pricing algorithm.

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€ 75

0 < SLdViol,; < QLdViolPrc,,

0 = SGenViol,; = QGenViolPrc,;

0 < S108Viol,; < Q10SViolPrcy;

0 < S10RViol,; < Q10RViolPre,;

0 < S30RViol,; < QB0 RViolPrc,,

0 < SREG10RViol,,; < QREG10RViolPrc,;

0 < SREG30RViol,,; < QREG30 RViolPrc,;

0 < SXREG10RViol,,; < QXREG10RViolPrc,,
0 < SXREG30 RViol,; < QXREG30RViolPrc,;
0 < SPrelTLViol;,; < QPrelTLViolPrey,,

0 < SITLViols,,; = QITLViolPrcy,,;

0 = SPreXTLViol,:; = QPreXTLViolPrc, ;

0 < SNIUViol,; < QNIUViolPrc,;

0 = SNIDViol,; = QNIDViolPrc,;

0 < SMaxDelVioly),; < QMaxDelViolPrc,,

0 = SMinDelViol,, ; = QMinDelViolPrc,

0 = SSMaxDelViol,; < QSMaxDelViolPrc;s,
0 = SSMinDelViol, ;; = QSMinDelViolPre, g,

for all 7 €{1,... N qyio1};

for all 7 € {1,... Ngepvios};

for all J E{l,..,ngm;r};

for all 7 €{1,..Niogprc,};

for all 7 €{1,.. N3ogprc,};

for all r € ORREG, i €{1,.,Nggci0rpre )
for all r € ORREG, i € {1,.,Ngzezorpre)s
for all € ORREG, 1 €{1,..,Nxgrei0rpre)
for all € ORREG, 1 €{1,..,Nygeez0rere)
for all f€ F, 1 €{1,.. Nprerripres, )
forall c€ G FEF,, 1 €{1,.. Norrpre, . };
for all z € Zgoy, 1 €{1,., Nprexripre, }s

for all 7 €{1,... Nypprc, b

for all 7 €{1,.., Nypprc,};

forall b € BFIR j € {1, Nagaxpervion i
for all b € B, i €{1,.. Nagmpemion };

for all s € SHE, i €{1,.., Noppaxpeivios, }; an

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

[
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9.8

Constraints to Ensure the Price Setting Eligibility of

9.8.1

Offer/Bid Laminations

Commitment Status Variables

9.8.2

9.8.1.1 Commitment decisions shall be fixed to the commitment statuses of

resources calculated by the Pre-Dispatch Scheduling algorithm in
section 8. For all time-steps 7 € 7S and all buses b € BPC:

ODG,, = ODG..

Energy Limited Resources

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

was binding in the Pre-Dispatch Scheduling algorithm, the schedules
calculated by the Pre-Dispatch Scheduling algorithm shall determine
the price-setting eligibility of the resource’s energy and operating
reserve offer laminations. In each time-step, energy or operating
reserve laminations up to the total amount of energy and operating
reserve scheduled in the Pre-Dispatch Scheduling algorithm shall be
eligible to set prices. For bus b € BFR_if there exists a time-step T €
TS,,4.such that:

Z (oncg‘fs - MinQDGC, + Z SDGfgﬁ)

t=2.T kekE,

+100RConv( Z S10SDGFY5, + Z SlONDG{Dbi:)

108 10N
REKT ) KEKT )

- 3OORConv( S30RDG$3'5R> = MaxDEL.,,, — EngyUsed,

30R
kEKp ),

9.8.2.1.1 then the maximum daily energy limit constraint shall be

considered binding in the Pre-Dispatch Scheduling algorithm. In
such circumstances, the following constraints must hold for bus
b € BFLR for all time-steps t€ TS,
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Z SDGepy < Z SDGEDS + ¢,
E

kekE, kekk,
z SDGypy + Z S10SDGpp s + Z S1ONDG, p + Z S30RDG, , x
keKE, kekE9S kekiN kekFOR
t—1
< MaxDELqoq, — EngyUsed,, — Z Z SDGFP]
=2 keKE,

where €1s a small positive constant.

9.8.2.2 If the pre-dispatch look-ahead period spans two dispatch days, then for
bus b € BFLR_if there exists a time-step 7' € T'S,,,, such that:

Z ODGEP® - MinQDGC,, + Z SDGFP3.

t=trom.T kEbe

+ 100RConv Z S10SDGFD5 + Z S10NDG7Y5

108 10N
KEKT K€K,

+ 300RConv Z S30RDGFDS, | = MaxDEL,op,

30R
KEKL )

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 € BZLR for all time-steps ¢ €

TS[’Omi
z SDGpy < z SDGEPS + ¢,
kekE, kekE,
Z SDGy p e + Z S10SDG, 5 + Z S10NDG, p,j + Z S30RDGy
keKE, keKEDS kek N kekOR
t—1

< MaxDELqgp p — z z SDGFDS,

T=tom ke;(fb

where €is a small positive constant.
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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
B'E.

hydroelectric generation resource buses b €

ODGFD® - MinQDGC,, + Z SDG,p = MinHO,, - OHO[}DS

keKE,
and for all & Ebe:
0 <SDG,;; < OHO.}*-QDG, , .

9.8.3.2 For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by the
Pre-Dispatch Scheduling algorithm. The resource’s schedule shall be
between the same start indication values as determined in the Pre-
Dispatch Scheduling algorithm. For all dispatchable hydroelectric
generation resource buses b € B"E and all time-steps 7 € T. S:
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If 0 < ODG/" - MinQDGCp, + ¥ycis, SDGEpy < StartMWy,,,

then
0 < ODGFP® - MinQDGC, + Z SDG,,x < StartMW,; — 0.1
kEKE,
If StartMWj,; < ODG.* -MinQDGC), + Y, kK, SDGLP5 < StartMWj, ;.4 for
1 €{1,.,(NStartMW,,-1)},
then
StartMW,,; < ODGFP® - MinQDGC, + Z SDG¢ p &

kekE,

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

then

ODG!PS - 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 hydroclectric generation resource
buses b € B’F such that MinDEL,,;, > 0_and

ODGEE® - MinQDGC, + ) SDGERS | < MinDELroq), — EngyUseds,

t€TS o kekE,

9.8.3.3.1 the following constraints must hold for all time-steps t€ 7S;,4
and offer laminations k€ Kf b

SDG,p, = SDGLs

9.8.3.3.2 Ifthe 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 kEKEb

9.8.3.3.3 the following constraints must hold for all time-steps t€ 7S;,,,
and offer laminations kK € Kf be

SDG,p, > SDGL7.

9.8.34 For a dispatchable hydroelectric generation resource with a shared
minimum daily energy limit that was binding in the Pre-Dispatch
Scheduling algorithm, the offer laminations corresponding to the
energy schedules calculated for all resources in the set s € SHE in the
Pre-Dispatch Scheduling algorithm shall be ineligible to set prices.
Thus, for each set s€ SHE:

Z Z ODGEPS - MinQDGC, + Z SDGEPs

t€TStoq \b €BHE keKE,

= MinSDEL,,4s — EngyUsedSHE,

9.8.3.4.1 the following constraints must hold for all time-steps ¢ €
TStod S

ODG,, - MinQDGC,, + Z SDG, p x

b €BHE kEKE),

> Z ODGFPS - MinQDGC,, + Z SDGPy |-

b eBHE kEKE)

9.8.3.4.2 Ifthe pre-dispatch look-ahead period spans two dispatch days,
then for each set s€ SHE:

Z ODG{P® - MinQDGC,, + Z SDG[P% | | < MinSDELygp, s
t€TStom \b €BHE kEKE,

9.8.3.4.3 the following constraints must hold for all time-steps t€ 7S;,,,,:
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ODG&D . ManDGCb + Z SDGt,D.R
b eBE keKE,

> Z ODGFPS - MinQDGC, + Z SDGEPS
b eBHE keKE,

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

9.8.3.6 For a dispatchable hydroelectric generation resource with a shared
maximum _daily energy limit that was binding in the Pre-Dispatch
Scheduling algorithm, in each hour, the offer laminations up to the
sum of energy and operating reserve schedules calculated in Pre-
Dispatch Scheduling algorithm for all resources in each set s € SHE
will be eligible to set prices. For each set s € SHE. if there exists 7€
TS;,4.such that:

ODGEP® - MinQDGC, + Z SDGEP::
t=2.T \ pepl® keKE,

+ Z 100RConv z S10SDGFYS, + z S1ONDGFBS,

beBf'E KEKESS keKESY

+ 300RConv Z S30RDGFYS, | | = MaxSDEL,,, — EngyUsedSHE,.

S0R
REKT

9.8.3.6.1 then the maximum daily energy limit constraint is considered to
be binding for the current dispatch day in the Pre-Dispatch
Scheduling algorithm. In such circumstances, the following
constraints shall apply for all time-steps t€ 75;,4:
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Z Z SDGepy < Z Z SDGEPS + ¢,

beBHE kekf, beBHE kekf),
Z Z SDG,p, ;. + Z S10SDGyyx + Z S10NDG, . + Z S30RDG,
beBHE \kekf, keklds kek N kexgR
t-1

< MaxSDELygqs — EngyUsedSHE, = ) " " SDGIES.

beBE 1=2 kekf,

where €1s a small positive constant.

9.8.3.6.2 Ifthe pre-dispatch look-ahead period spans two dispatch days,
if there exists a time-step 7€ 7.5;,,, such that:

Z Z ODGEPS - MinQDGC), + Z SDGPP+

t=ttom-T \beBHE keKE,

+ Z 100RConv Z S10SDGPDS, + Z S10NDG1Y5%

beBHE KEKFOS kegp QY

+ 300RConv Z S30RDGEYS. | | = MaxSDELyy, o

30R
keK3Y

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 ¢ € 7.S;,,,:

Z z SDGepy < Z Z SDG{Dy + €,

beBHE kekE), beBHE kekE,

Z Z SDGypy + Z S10SDGy i + Z S10NDG, 5 + Z S30RDG,

beBEF \kekf), kerlSS kekpoN kekEpR

r—1
< MaxSDELyp s — Z Z Z SDGPDS.

beBllE t=tom pegf,

where € is a small positive constant.

Appendix 7.6A-306

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



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
by € Bi¥ and b, € Blj} and all time-steps t€ TS

ODG[D® - MinQDGC,, + Z SDG[PS, — A < ODG[PS - MinQDGC,,, + Z SDG, |,
KEKE), kEKL,
< 0DG[}’ - MinQDGC,, + Z SDG{P% + A

KEKE),

9.8.3.7.1 For all linked dispatchable hydroelectric generation resources by
such that (by,5,) € LNKC where by € BliF and b, € B} and all
time-steps ¢t € 7S such that £+ LagCy, p, < np4p:

ODG{p* - MinQDGC,, + Z SDG{R% — A < ODGEYS - MinQDGC,, + Z SDG i

KEKE), K€Ky,
< ODG/PS - MinQDGC,, + Z SDGFPS, + A.
keKE),
9.9 Outputs
9.9.1 Outputs for the Pre-Dispatch Pricing algorithm include the following:

9.9.1.1 shadow prices:

9.9.1.2 locational marginal prices and their components; and

9.9.1.3 sensitivity factors.
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10

Constrained Area Conditions Test

10.1

Purpose

10.1.1

The Constrained Area Conditions Test shall:

10.2

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.

Information, Sets, Indices and Parameters

10.2.1

The narrow constrained areas and dynamic constrained areas and the

10.2.2

information published therein in accordance with section 22 of Chapter 7 shall be
inputs for the Constrained Area Conditions Test.

Information, sets, indices and parameters for the Constrained Area Conditions

Test are described in sections 3 and 4. In addition, the following prices produced
by the Pre-Dispatch Pricing algorithm shall be used by the Constrained Area
Conditions Test:

10.2.2.1 LMF, PP _which designates the locational marginal price for bus b € B
in time-step £ € 7.

10.2.2.2 PCongng . which designates the congestion component of the
locational marginal price for bus b € Bin time-step t € TS,

10.2.2.3 EXtLMP{Z,DP . which designates the locational marginal price for
intertie bus d € D in time-step t € T,

10.2.2.4 PExtCongfgp . which designates the intertie congestion component of
the locational marginal price for intertie bus d € D in time-step t € 75,

10.2.2.5 PiIntCon Cf}f’ . which designates the internal congestion component of
the locational marginal price for intertie bus d € Din time-step t € TS,

10.2.2.6  IntLMF, "DP_which designates the intertie border price for intertie bus
d € Din time-step t € TS,
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10.2.2.7

10.2.2.8

10.2.2.9

10.2.2.10

10.2.2.11

10.2.2.12

SPNorm EﬁcDP . which designates the shadow price for the pre-

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

SPEm b’gf, which designates the shadow price for the post-
contingency transmission constraint for facility f € Fin contingency
c € Cin time-step £ € TS,

SPNIUExtBwdT}P", which designates the shadow price for the net
interchange schedule limit constraint limiting increases in net imports
between time-step (£ - 1) and time-step ¢;

L30RF, PP which designates the locational marginal price for thirty-
minute operating reserve at bus b € Bin time-step t € 75;

L10NF, PF_which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin time-step
te TS, and

L10SF, PP _which designates the locational marginal price for

synchronized ten-minute operating reserve at bus b € Bin time-step
teTs.

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

10.3.1.4

BCond ‘4, which designates the resources in a narrow constrained
area that must be checked for local market power for energy in time-
step t € TS,

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

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

BCond“™? which designates the resources to be checked for global
market power for energy in time-step t € 7'S:
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10.3.1.5

10.3.1.6

10.3.1.7

10.3.1.8

10.3.1.9

10.3.1.10

BCond:%%,_which designates that resources to be checked for local
market power for synchronized ten-minute operating reserve in time-
step t€ TS,

BCond:"_which designates that resources to be checked for local
market power for non-synchronized ten-minute operating reserve in

time-step t € 7S,

BCond?®% _which designates that resources to be checked for local
market power for thirty-minute operating reserve in time-step t € 7S

BCond¢™05_which designates that resources to be checked for
global market power for synchronized ten-minute operating reserve in

time-step t € 7S,

BCond?™P1ON which designates that resources to be checked for
global market power for non-synchronized fen-minute operating
reserve in time-step ¢ € 7.5 and

BCond“™P30R which designates that resources to be checked for
global market power for thirty-minute operating reserve in time-step
teTs.

10.4 Constrained Area Conditions Test for Local Market

Power (Enerqgy)

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 ¢ € 7S: For each transmission

facility that transmits flow into n, f€ Fy“4, if SPNormT}PF# 0 or
SPEmT, .} # 0 for the inbound flow limit, the pre-dispatch
calculation engine will place nin the set NCA,/ and assign the
resources in nto the set BCond"4; and

10.4.1.1.2 For each d € DCA and time-step ¢ € TS: For each transmission

facility that transmits flow into d, f€ Ff}CAJiSPNorm TK}DP #0
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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 BC'ondf«7 ¢,

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

10.4.1.2.1 NCA/, which designates the narrow constrained areas that
qualify for market power mitigation for energy in time-step
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 €7T8S.

10.4.2 Constrained Area Conditions Test for the Broad Constrained Area

10.4.2.1  If the congestion component of the locational marginal price of a
resource is greater than BCACondThresh and the resource is not part
of a narrow constrained area or dynamic constrained area that has a
binding transmission constraint, then the resource shall be tested using
the broad constrained area thresholds. For each time-step £ € 7.5 and
bus b € B¢ such that b & BCondY“4 U BCondP“’if
PCong‘ggP > BCACondThresh, the pre-dispatch calculation engine

will then place resource b in the set BCond?“4,

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

10.5.1 The pre-dispatch calculation engine shall test resources that can meet incremental
load within Ontario for global market power, subject to section 10.5.2, if:

10.5.1.1 the intertie border prices at the global market power reference intertie
zones are greater than the /BPThresh threshold value, indicated in
time-step £ € 7S by:

10.5.1.1.1 IntLMP/?” > IBPThresh for bids and offers, d € D“MPRef

corresponding to the boundary entity resource bus for the
global market power reference intertie zones:; and

10.5.1.2  at least one of the following conditions is met:
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10.5.1.2.1 import congestion, represented by a negative infertie congestion
component, is present on all of the global market power reference
intertie zones, indicated in time-steps = {2,3} by:

10.5.1.2.1.1  PExtCongpy” < 0_for bids and offers. d € D“MPRe,

corresponding to the boundary entity resource bus for the
global market power reference intertie zone: or

10.5.1.2.1 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=1{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 ¢ € 75, place all b € B in the set
BCondfMP , unless they are excluded because one of the following two conditions:

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

10.5.2.1.1 if PConggy"<PIntCongty” — $1/MWh where d € DEMPRef i true
for all global market power reference intertie zones: or

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

10.5.2.2.1 ifresources can not meet incremental load because of any binding
transmission facility where SPNorm Yg}D P#0 or SPEm p C,%P #0.

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

10.6.1 Subject to section 10.6.2, for a regional minimum requirement of greater than
zero for a specific class of operating reserve, then all resources within the region
with offers for classes of operating reserve that can satisfy the requirements of the
specific class of operating reserve shall be tested for local market power:
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10.6.2

10.6.1.1 if b1is in a region with a non-zero minimum requirement, then b is
subject to the Conduct Test and is placed in the set
BCond'®S, BCond\°" or BCond*%

A resource shall not qualify for local market power mitigation testing for

10.7

operating reserve if the resource is located in a region with a binding maximum
constraint and for each resource b € B”% U B°* 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

10.7.1

Power (Operating Reserve)

A resource shall be subject to global market power mitigation testing for

10.7.2

operating reserve if its offers for a class of operating reserve where the locational
marginal price for that class of operating reserve is greater than
ORGCondThresh.

Subject to section 10.7.3, if the condition in section 10.7.1 has been met for a

10.7.3

class of operating reserve, then all resources with offers for classes of operating
reserve that can satisfy the requirements of that class of operating reserve shall be
tested and for each b € B°“ U B! and time-step ¢ € TS:

10.7.2.1 if L1 OSR«ZDP > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond?™r1%%,

10.7.2.2 if L1ONF; PP> ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond?™"1oN. and

10.7.2.2 if L30R}}§,DP > ORGCondThresh, the pre-dispatch calculation engine
shall add resource b to BCond?™P3R,

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 ifbis in a region with a binding maximum constraint, then b shall be
exempt from the Conduct Test.
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10.8 Outputs

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

11 Conduct Test

11.1  Purpose

11.1.1 The Conduct Test shall verify whether the financial dispatch data parameter
values submitted by registered market participants for resources identified in
section 10.8.1 are within the applicable threshold level of the reference level
values for those resources.

11.2 Information, Sets, Indices and Parameters

11.2.1 Information, sets, indices and parameters for the Conduct Test are described in
sections 3 and 4. In addition, the list of resources produced pursuant to section
10.8.1 shall be used by the Conduct Test.

11.3 Variables

11.3.1 The pre-dispatch calculation engine shall apply the Conduct Test set out in
sections 11.4 and 11.5 to the resources identified by the Constrained Area
Conditions Test in accordance with section 10.8, to identify the following data
sets:

11.3.1.1 The sets of resources that failed the Conduct Test for at least one
financial dispatch data parameter, where:

11.3.1.1.1 BCTM designates the resources in a narrow constrained area
that failed the Conduct Test for at least one financial dispatch
data parameter in time-step t€ TS,

11.3.1.1.2 BCTP“ designates the resources in a_dynamic constrained area
that failed the Conduct Test for at least one financial dispatch
data parameter in time-step t€ TS,
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11.3.1.1.3 BCTP designates the resources in a broad constrained area that
failed the Conduct Test for at least one financial dispatch data
parameter in time-step t€ 75

11.3.1.1.4 BCTFMP designates the resources that failed the global market
power for energy Conduct Test for at least one financial dispatch
data parameter in time-step t€ TS

11.3.1.5  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 t€ 7.5; and

11.3.1.1.6 BCTPRC designates the resources that failed the global market
power Conduct Test for operating reserve for at least one
financial dispatch data parameter in time-step t€ 7.

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

11.3.1.2.1 PARAME,;, which designates the set of dispatch data
parameters that failed the energy Conduct Test at bus b €
{BCTNM4 u BCTP“4 U BCTPY U BCTSMP} in time-step ¢, and
may include the following financial dispatch data parameters:

11.3.1.2.1.1 _ EnergyOffer;, which designates a non-zero quantity of
energy above the minimum loading point in association
with offer lamination k € K7, failed the Conduct Test;

11.3.1.2.2 For all hours prior to and including the last hour where
conditions are met for the energy Conduct Test:

11.3.1.2.2.1 EnergyToMLE,, which designates the non-zero
quantity of energy up to the minimum loading point in
association with offer lamination k€ Kﬁ TMLP failed the
Conduct Test;

11.3.1.2.2.2  SUOfter, 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.
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11.3.1.2.3 PARAMOR, designates the set of financial dispatch data
parameter that failed the operating reserve Conduct Test for
bus b € {BCTPRL U BCTPRC) in time-step t, and may include
the following financial dispatch data parameter:

11.3.1.2.3.1 OR10S50fter;, which designates the non-zero quantity
of synchronized fen-minute operating reserve in association
with offer lamination K € K%I%S failed the Conduct Test;

11.3.1.2.3.2  OR10NOffer;, which designates the non-zero quantity
of non-synchronized fen-minute operating reserve in
associciation with offer lamination k€ K},gN failed the
Conduct Test; and

11.3.1.2.3.3  OR30ROfter;, which designates the non-zero quantity
of thirty-minute operating reserve 1n association with offer
lamination k€ K3y failed the Conduct Test;

11.3.1.2.4 For all hours prior to and including the last hour where
conditions are met for the operating reserve Conduct Test:

11.3.1.2.4.1  SUOfter, which designates the start-up offer failed the
Conduct Test:

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€ I(f . failed the Conduct Test.

11.4 Conduct Test for Enerqy

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 € TSand b € BCondY“, the pre-dispatch calculation engine shall:

11.4.1.1 Evaluate energy offers above minimum loading point: For all k €
K}y, if PDG, , ,>CTEnMinOffer_and
PDG, ;> min (PDGRef,, . *(1 + CTEnThresh1™“"), PDGRef, .+

CTEnThresh2" CA) where k' € Kﬁ, then the Conduct Test was failed
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by the resource at bus b and the pre-dispatch calculation engine shall
assign the resource to subset BCT" “ and add EnergyOlffer, to
PARAME, ,;

11.4.1.2  Evaluate offers for energy for the range of production up to minimum
loading point. For all time-steps prior to and including the last time-
step where conditions are met for the Constrained Area Conditions
Test, for all k € KM, if PLTMLP,;,, > CTEnMinOffer.and
PLTMLP,}, > min (PLTMLPRef,},;-*(1 + CTEnThresh1V4%),
PLTMLPRef, ;- + 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 BCT¥“4 and add
EnergyToMLF, to PARAME}, and PARAMOR,

11.4.1.3  Evaluate start-up offers: For all time-steps prior to and including the
last time-step t where conditions are met for the Constrained Area
Conditions Test in section 10, if SUDG,,> SUDGRef, ,*(1 +
CTSUThresh"V?), then the Conduct Test was failed by the resource at
bus b and the pre-dispatch calculation engine shall assign the resource
to subset BCTY““ and add SUOfferto PARAME,;, and PARAMOR,
and

11.4.1.4  Evaluate speed no-load offers: For all time-steps prior to and including
the last time-step where conditions are met for the Constrained Area
Conditions Test, if SNL,,> SNLRef;,*(1 + CTSNLThresh"?), then
the Conduct Test was failed by the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to subset BC
and add SNLOfferto PARAME, , and PARAMOR,.

TZ'NCA

11.4.2 For resources identified pursuant to section 10.8.1 in a dynamic constrained area
or broad constrained area, the pre-dispatch calculation engine shall use the steps
in section 11.4.1, using resources in BCond?“* or BCond?““, as the case may be,
in place of BCond"““ and using the applicable Conduct Test thresholds
CTEnThresh1P“4_ CTEnThresh2”“Y,_ CTEnThresh1%“4, CTEnThresh2%¢4,
CTSUThresh”“4_CTSUThresh®4,_CTSNL Thresh”“®, CTSNL Thresh®‘4,1f any
of the financial dispatch data parameters of a resource fail the Conduct Test, the
resource shall be assigned to subset BCTY“4 or BCTP“4, as the case may be.

11.4.3 For resources identified pursuant to section 10.8.1 that were selected for global
market power mitigation testing for energy, the 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
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11.44

CTEnThresh1“MP_CTEnThresh2™F_ CTSUThresh®™?_ CTSNLThresh®™F 1f
any of the applicable financial dispatch data parameters of a resource fails the
Conduct Test, the resource shall be assigned to subset BCTEMF,

If a resource is assigned to more than one of the sets, BCondY4, BCond?“4,

11.5

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

11.5.1

The pre-dispatch calculation engine shall perform the Conduct Test for local

market power for operating reserve for resources that were identified pursuant to
section 10.8.1, as follows, subject to 11.5.3. For each time-step £t € 7Sand b €
BCond'®S U BCond:®N U BCond:°%, the pre-dispatch calculation engine shall:

11.5.1.1  Evaluate offers for operating reserve as follows:

11.5.1.1.1 for all k € K}{° such that P10SDG, , , > CTORMinOffer and
P10SDG, ;> min(P10SDGRef,, , *(1 + CTORThresh1”"),
PI10SDGRef, .+ CTORThresh2?""), 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 BCT; " ‘and add OR10SOffer, to PARAMOR,

11.5.1.1.2 such that PIONDG, , , > CTORMinOffer and
PIONDG,,;, > min (PIONDGRef,, , *(1 + CTORThresh1°™"),
PIONDGRef,, .+ CTORThresh2”""), where k' € K}/3", then

the Conduct Test was failed for the resource at bus b and the
pre-dispatch calculation engine shall assign the resource to

subset BCTY™" and add OR10NOffer, to PARAMOR, ;

11.5.1.1.3 for all k € K; %" such that P30RDG, , ; > CTORMinOffer and
P30RDG, ;> min (P30RDGRef, , , *(1 + CTORThresh1°""),
P30RDGRef,, .+ CTORT hresh2”%"), where k' € K}z UR _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, ;.
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11.5.1.1.4 forallj €J}y° if P10SDL, ;> CTORMinOffer and
PI0SDL,,; > min (P10SDLRef, bj,*(1+CTORThreshIORL),
PIOSDLRef, bj‘+C TORThresh2°%), where j' € J;’]g S, 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 BCTf) R and add ORI 0SOffer, to
PARAMOR,

11.5.1.1.5 forallj €J;3" if PIONDL,, ; > CTORMinOffer.and
PIONDG,,; > min (P10ONDLRef, bj‘*(1+CTORThresh]0RL),

PIONDLRef, b/‘+CTORThresh20RL), where j' € J /7, 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 BC],O R and add ORI ONOffer, to
PARAMOR, ; and

11.5.1.1.6 forallj € J;3" if P30RDL,),; > CTORMinOffer and
P30RDL,,; > min (P30RDLRef, , . *(1+CTORThresh1°™"),
P30RDLRef, bt CTORThresh2°®", where j' € .],3,? R _then the

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

resource to subset BCT®" and add 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;, (1 + CTSUThresh®RY), then
the Conduct Test failed for the resource at bus b and the pre-dispatch
calculation engine shall assign the resource to subset BCTP®" 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;, (1 + CTSNLThresh®f"), then
the Conduct Test was failed for the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to subset BCTPR
and add SNLOfferto PARAMOR,; and PARAME, ;; and
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11.5.2

11.5.1.4

Evaluate offers for energy for the range of production up to the

minimum loading point. For all time-steps prior to and including the
last time-step where conditions are met for the Constrainted Area
Conditions Test, for all k€ Ky, if PLTMLP,},,>CTEnMinOffer
and PLTMLF,;, ;> min (PLTMLPRef,;,;»*(1 + CTEnThreshl ORLY,
PLTMLPRef,;,; + CTEnThresh2%f"), where k' € K%, then the
Conduct Test was failed for the resource at bus b and the pre-dispatch

calculation engine shall assign the resource to subset BCTP*" and add
EnergyToMLF, to PARAMOR, , and PARAME, .

The pre-dispatch calculation engine shall perform the Conduct Test for global

11.53

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?™™°S, BCond?™™ N _and BCond¢M3°R

in place of BCond'®S, BCond:®",_and BCond?°R  respectively, and the applicable
Conduct Test thresholds (CTORThresh1°%¢_CTORThresh2 °%¢,

CTSUThresh®R¢_CTSNLThresh®R¢_ CTEnThreshl°R¢_CTEnThresh2°R¢). The
resources shall be assigned to the subset BCTPR¢,

If a resource is assigned to more than one of BConds™F1%S, BCond¢™F1ON _and

11.6

BCondiMP3OR only the Conduct Test with the most restrictive threshold levels
shall be performed for that resource.

Outputs

11.6.1

Subject to section 11.6.2. the outputs of the Conduct Test shall include the

following for each time-step t€ 75

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

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

11.6.1.3 A revised set of financial dispatch data parameters replaced with

reference level values for resources that:

11.6.1.3.1 has one or more financial dispatch data parameters that failed a

Conduct Test for the current pre-dispatch calculation engine run;
and
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11.6.13.2 has one or more financial dispatch data parameters that failed
both the Conduct Test and failed the Price Impact Test in
previous pre-dispatch calculation engine runs.

11.6.1.4  For offers for energy and operating reserve with multiple laminations:

11.6.1.4.1 if the offer lamination for energy that corresponds to the minimum
loading point fails the Conduct Test, the pre-dispatch calculation
engine shall replace all offer laminations for energy up to the
minimum loading point;

11.6.1.4.2 if one or more offer laminations for energy above the minimum
loading point fails the Conduct Test, the pre-dispatch calculation
engine shall replace all offer laminations for energy up to and
above the minimum loading point; and

11.6.1.4.3 if one or more offer laminations for operating reserve fails the
Conduct Test, the pre-dispatch calculation engine shall replace all
offer laminations for operating reserve.

11.6.1.5 For a non-quick start resource whose start-up offer failed the Conduct
Test, identified in section 11.6.1.1, the pre-dispatch calculation engine
shall use the start-up offer reference level value to evaluate any
advancements pursuant to section 5.7.

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

12 Reference Level Scheduling

12.1  Purpose

12.1.1 The pre-dispatch calculation engine shall perform the Reference Level
Scheduling algorithm where at least one financial dispatch data parameter for a
resource failed the Conduct Test in section 11.

12.1.2 The Reference Level Scheduling algorithm shall perform a security-constrained
unit commitment and economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants, including reference
level value for resources subject to 14.7.1.3 and 12.2.2, to meet the /ESO’s
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12.2

province-wide non-dispatchable demand forecast and /ESO-specified operating
reserve requirements for each hour of the pre-dispatch look-ahead period.

Information, Sets, Indices and Parameters

12.2.1

Information, sets, indices and parameters used by the Reference Level Scheduling

12.2.2

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

12.3

corresponds to any financial dispatch data parameter submitted for a resource
that failed the Conduct Test.

Variables and Objective Function

12.3.1

The pre-dispatch calculation engine shall solve for the variables listed in section

12.3.2

8.3.1.

The objective function for the Reference Level Scheduling algorithm shall be the

12.4

same as the objective function in section 8.3.2. subject to section 12.4.

Constraints

12.4.1

The constraints in sections 8.4 through 8.7 apply in the Reference Level

12.5

Scheduling algorithm, except that the sensitivities and limits considered for IESO
internal transmission limits shall be those provided by the most recent security
assessment function iteration of the Reference Level Scheduling algorithm.

Outputs

12.5.1

Outputs of the Reference Level Scheduling algorithm include resource schedules

and commitments.
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13

Reference Level Pricing

13.1

Purpose

13.1.1

The pre-dispatch calculation engine shall perform the Reference Level Pricing

13.1.2

aleorithm whenever the Reference Level Scheduling algorithm has been
performed.

The Reference Level Pricing algorithm shall perform a security-constrained

13.2

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 /ESQO’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

13.2.1

Information, sets, indices and parameters used by the Reference Level Pricing

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

13.2.1.1 SDGfﬁ( . which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC), at bus
b € BFXR U B in time-step ¢ € TS in association with lamination
ke K’f .

13.2.1.2  ODGF*, which designates whether a dispatchable generation resource
at bus b € B”“ was scheduled at or above its minimum loading point in
time-step £t € 7S,

13.2.1.3 5'10506‘;%5 , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus b € BFLR U BYE in time-step ¢ € TS in association
with lamination & € Kégs;

13.2.1.4 ﬂONDGféi, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € B U BF in time-step ¢ € TS in

association with lamination & € K19";
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13.2.1.5 .SBORDGfIff}; which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to provide
at bus b € BFLR u BE in time-step t € T'Sin association with
lamination k& € t/?f;ﬁi

13.2.1.6 OHO%S, which designates whether the dispatchable hydroelectric

generation resource at but b € BE has been scheduled at or above
MinHO, in time-step t € TS,

13.2.2 The Reference Level Pricing algorithm shall use a resource’s reference level
value for any financial dispatch data parameters submitted by registered market
participants that failed the Conduct Test in Section 11.

13.3 Variables and Objective Function

13.3.1 The pre-dispatch calculation engine shall solve for the variables set out in section
9.3.1.
13.3.2 The objective function used in the Reference Level Pricing algorithm shall be the

same as the objective function set out in section 9.3.2. subject to section 13.4.

13.4 Constraints

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

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

alogorithm;

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

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

13.4.1.3.1 SDG. 7} shall be replaced by SDG.s; for all t € TS, b €
BERy BYE k€ K,

13.4.1.3.2 ODG.}” shall be replaced by ODGA® for all ¢ € TS, b € B
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13.5

13.4.1.3.3 IDGf,?S shall be replaced by IDGf,fS for all t € TS, b € BPY;

13.4.1.3.4 SI0SDG.?} shall be replaced by S10SDG3 for all £ € TS, b €
BELR U BHE k€ KIgS_
9 t, ]

13.4.1.3.5 SIONDG'7 shall be replaced by SIONDGL; for all
t€ TS, b€ B** u B" ke K[}V,

13.4.1.3.1 S30RDG.7} shall be replaced by S30RDGL; for all
t€ TS, be B uB" keK®; and

13.4.1.3.1 OHO}}” shall be replaced by OHO® for all t € TS, b € BE.

Outputs

13.5.1

Outputs of the Reference Level Pricing algorithm include the following:

14

13.5.1.1 shadow prices; and

13.5.1.2  locational marginal prices and their components.

Price Impact Test

14.1 Purpose

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

14.1.2 The Price Impact Test shall:

14.1.2.1 compare the locational marginal prices for energy or operating
reserve produced by the Pre-Dispatch Pricing algorithm with those
produced by the Reference Level Pricing algorithm: and

14.1.2.2  consider the corresponding offer parameters to have failed the price
impact test if the difference in price in section 14.1.2.1 is greater than
the applicable impact threshold in section 4.3.9.
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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

LMPF, DF_which designates the locational marginal price for energy at
bus b € Bin time-step £ € 75 from the Pre-Dispatch Pricing algorithm;

L30RP/PP, which designates the locational marginal price for thirty-

minute operating reserve at bus b € Bin time-step t € 7.5 from the Pre-
Dispatch Pricing algorithm:

L10NPLPF, which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin time-step
t€ TS from the Pre-Dispatch Pricing algorithm:;

L10SF, PP _which designates the locational marginal price for

synchronized ten-minute operating reserve at bus 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 € 7S from the
Reference Level Pricing algorithm:

L10NF, “LP_which designates the locational marginal price for non-

synchronized ten-minute operating reserve at bus b € Bin time-step
t€ TS from the Reference Level Pricing algorithm; and

L10SF, ‘LP_which designates the locational marginal price for

synchronized ten-minute operating reserve at bus b € Bin time-step
t€ TS from the Reference Level Pricing algorithm.

Appendix 7.6A-326

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



14.3 Variables

14.3.1

The pre-dispatch calculation engine shall apply the Price Impact Test as set out in

sections 14.4 and 14.5 for the resources identified in accordance with section
10.3.1, to identify:

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

14.3.1.1.1 BIT“ designates the resources in a narrow constrained area
that failed the Price Impact Test for the locational marginal price

for energy:;

14.3.1.1.2 BITP“ designates the resources in a_dynamic constrained area
that failed the Price Impact Test for energy locational marginal

price;

14.3.1.1.3 BITP“4 designates the resources in a broad constrained area
that failed Price Impact Test for energy locational marginal

price;

14.3.1.1.4 BITSMP designates the resources that failed the Global Market
Power (energy) Price Impact Test for energy locational
marginal price;

14.3.1.1.5 BITPR! designates the resources that failed the Local Market
Power (operating reserve) Price Impact Test for at least one
type of operating reserve locational marginal price;

14.3.1.1.6  BITPRC designates the resources that failed the Global Market
Power (operating reserve) Price Impact Test for at least one
type of operating reserve locational marginal price; and

14.3.1.1.7 LMPIT,;, designates the locational marginal price that failed
the Price Impact Test for bus b € BIT}*4 u BITP“4 u
BITP4 u BITCMP U BITPRE U BITPRC in time-step ¢t € TS and

14.3.1.2  Locational marginal prices for energy and operating reserve for each
resource at bus b € BP¢ U BPL that failed the Price Impact Test, where:

14.3.1.2.1 EnergyLMP designates that the locational marginal price for
energy failed the Price Impact Test;
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14.3.1.2.2 OR10SLMP designates that the synchronized ten-minute
operating reserve locational marginal price failed the Price

Impact Test;

14.3.1.2.3 OR10NLMP designates that the non-synchronized ten-minute
operating reserve locational marginal price failed the Price
Impact Test: and

14.3.1.2.4 OR30RLMP designates that the thirty-minute operating reserve
locational marginal price failed the Price Impact Test.

14.4 Price Impact Test for Enerqy

14.4.1 The pre-dispatch calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for energy in
section 11.6.1.1, as follows:

14.4.1.1 For local market power for energy:

14.4.1.1.1 For each time-step ¢ € TSand b € BCT)V4, if
LMPY” > min(LMPR®* (1 + ITThresh1V*), LMPR” +
ITThresh2™V¢), the Price Impact Test was failed by the resource

at bus b and the pre-dispatch calculation engine shall assign the
resource to subset BIT4 and add EnergyLMPto LMPIT,,

14.4.1.1.2 For each time-step ¢ € TSand b € BCTP“, if
LMPY" > Min(LMPE"*(1 + ITThresh1P“*), LMP" +
ITThresh2P“Y), the Price Impact Test was failed by the resource
at bus b and the pre-dispatch calculation engine shall assign the
resource to subset B/TP“4 and add EnergyLMPto LMPIT,; and

14.4.1.1.3 For each time-step ¢t € 7Sand b EBCT}BCA,ﬁ
LMPLPP > Min(LMPR*(1 + ITThresh1%“Y), LMPR” +
ITThresh25), 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, 5, and

14.4.1.2 For global market power for energy:

Appendix 7.6A-328 MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



14.4.1.2.1 For each time-step ¢ € TSand b € BCTSM?, if
LMPLPP > Min(LMPE"* (1 + ITThresh1“MPy, LMPRL? +
ITThresh2“MP), 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?M and add EnergyLMPto
LMPIT,,,

14.5 Price Impact Test for Operating Reserve

14.5.1 The pre-dispatch calculation engine shall perform the Price Impact Test for
resources that were identified in the corresponding Conduct Test for operating
reserve in section 11.6.1.1, as follows:

14.5.1.1 For local market power for operating reserve, for each time-step
t€ TSand b € BCTPR:;

14.5.1.1.1 If Z30RP"> L30RPE, then the Price Impact Test was failed
by the resource at bus b and the pre-dispatch calculation engine

shall assign the resource to subset BIT?RL and add OR30 RLMP to
LMPIT,;

14.5.1.1.2 If LlONEﬁIDP > LlONPtﬁ,LP , then the Price Impact Test was
failed by the resource at bus b and the pre-dispatch calculation

engine shall assign the resource to subset BIT?R" and add
OR10NLMPto LMPIT, ;; and

14.5.1.1.3 If L105P[,‘L},DP> L10S. t,bLP, then the Price Impact Test was failed
by the resource at bus b and the pre-dispatch calculation

engine shall assign the resource to subset BITPR" and add
OR10SLMPto LMPIT,; and

14.5.1.2  For global market power for operating reserve, for each time-step
t € TSand b € BCTPRC:

14.5.1.2.1 If ZL30RA?"> min(L30RE" (1 + ITThresh19k¢),
L3 ORPIS,LP + ITThresh29R%), then the Price Impact Test was
failed by resource at bus b and the pre-dispatch calculation

engine shall assign the resource to subset B/IT?R¢ and add
OR30RLMPto LMPIT,,;

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-329



14.5.1.2.2 1f LLONP?"> min(L1ONPEP* (1 + ITThresh1979),

L1ONPEE? + ITThresh29%%), 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 B/ITCR¢ and
add OR10 NLMPto LMPIT, ;; and

14.5.1.2.3 If L10SPPP> min(L10SPY " * (1 + ITThresh19R¢),
L10SF, ‘LP + ITThresh2°RC), then the Price Impact Test was

failed by the resource at bus b and the pre-dispatch calculation

engine shall assign resource to subset BITPR and
add OR10SLMPto LMPIT, .

14.6 Revised Financial Dispatch Data Parameter
Determination

14.6.1 A resource that fails the Price Impact Test in a time-step (t) shall have its
financial dispatch data parameters revised as follows:

14.6.1.1  If the resource has failed a Price Impact Test for energy and is in
BITNCA,_BITPCA, BITEA, BITCMP the financial dispatch data
parameters in PARAME, ;, shall be used to determine the financial
dispatch data parameters that shall be replaced with the resource’s
applicable reference level value.

14.6.1.2  If the resource has failed a Price Impact Test for operating reserve and
is in BITPRL or BITORC, the financial dispatch data parameters in
PARAMOR, ;, shall be used to determine the financial dispatch data
parameters that shall be replaced with the resource’s applicable
reference level value.

14.6.1.3 _ If a non-quick-start resource has failed a Price Impact Test in any
time-step, the commitment cost parameters (start-up offer, speed-no-
load offer, or energy offer associated with the minimum loading point)
that failed the corresponding Conduct Test shall be replaced with the
resource’s applicable reference level value for that time-step. For any
time-steps prior, any commitment cost parameters for that resource
that failed the Conduct Test shall be replaced with the resource’s
applicable reference level value in those time-steps. This is expressed
as:

14.6.1.3.1 For each time-step ¢ € 7S and all » € BY9S N (BIT}™ U
BITP“Y u BITP“Y U BITEMP), for hours prior to and including the
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hour that failed the Price Impact Test, 7 € {/,..,¢},if b €
BCTY“ u BCTY* u BCT3“! U BCTFM” and PARAME,,
contains any of the commitment cost parameters SUOffer,
SNLOffer,_or EnergyToMLP,, replace these parameters with

reference level values.

14.6.1.4  Section 14.6.1.3 shall apply to the tests for local market power and

global market power for operating reserve, except PARAMOR 7, shall
be checked in place of PARAME,.

14.6.1.5 If a resource is 1n a narrow constrained area or a dynamic

constrained area and has failed a Price Impact Test, each resource in
the same narrow constrained area or dynamic constrained area that
also failed the corresponding Conduct Test shall have its offer data
replaced with its applicable reference level value for that hour. For
each time-step t€ 75

14.6.1.5.1 if BIT)“ 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 BITP“ includes one or more resources in a dynamic
constrained area, d, each resource b € BCTP“Y for dynamic
constrained area, d, shall have the parameters in PARAME,,
replaced with its reference level values.

14.6.1.6  If a non-quick-start resource in a narrow constrained area or a

dynamic constrained area has failed a Price Impact Test, each non-
quick-start resource in the narrow constrained area_or_dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that time-step. For any time-steps prior, if a
non-quick-start resource in that narrow constrained area or_dynamic
constrained area has a commitment cost parameter that failed the
Conduct Test, that commitment cost parameter shall be replaced with
the resource’s applicable reference level value in those time-steps.
This is expressed as:

14.6.1.6.1 For all time-steps up to the time-step in which a resource failed
the Price Impact Test for a narrow constrained area . for all
be BCT) CA,iPARAMEE p.contains any of the commitment
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cost parameters SUOffer, SNLOffer, or EnergyToMLPF,,
replace these parameters with reference level values.

14.6.1.6.2 For all time-stepsup to the time-step in which a resource failed
the Price Impact Test for a dynamic constrained area, for all
b€ BCTP, if PARAME,, contains any of the commitment
cost parameters SUOfter, SNLOffer, or EnergyToMLPF,,
replace these parameters with reference level values.

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

14.6.1.7.1 For each time-step t€ TS, if BITCR includes one or more
resource in operating reserve region, r; all
resources, b € BIT?R for operating reserve region r, shall
have the parameters in PARAMOR, j, replaced with reference
level values.

14.6.1.8  If a non-quick-start resource fails the local market power for operating
reserve Price Impact Test in any time-step, the commitment cost
parameters for all non-quick-start resources in the same operating
reserve region with a non-zero 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€ BCTPRL, if PARAME, ),
contains any of the commitment cost parameters SUOffer,
SNLOffer, or EnergyToMLPF,, 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
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14.7.2

14.7.1.1  The set of resources that failed the Price Impact Test for all time-steps
in the pre-dispatch look ahead period, by condition, in acordance to
sections 14.4 and 14.5. Those resources shall be added to the
accumulated set of resources from previous pre-dispatch calculation
engine runs which failed the Price Impact Test in the current time-step
teTs;

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

14.7.1.3 A revised set of offer data to be used by the next pre-dispatch
calculation engine run and next real-time hour. The revised set of offer
data will be for the resources that failed the Price Impact Test:

14.7.1.3.1 in current pre-dispatch calculation engine run replacing offer data
that failed the Conduct Test with the applicable reference level
values, in accordance with section 14.6; and

14.7.1.3.2 in previous pre-dispatch calculation engine runs with financial
dispatch data parameters that were decided to be mitigated in
previous pre-dispatch calculation engine runs replaced with
reference level values.

The pre-dispatch calculation engine shall not replace financial dispatch data

15

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.

Pseudo-Unit Modelling

15.1

Pseudo-Unit Model Parameters

15.1.1

The pre-dispatch calculation engine shall use the following registration and daily

dispatch data to determine the underlying relationship between a pseudo-unit and
the associated physical resources for a combined cycle facility with K combustion
turbines and one steam turbine:

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

15.1.1.2  CMLP, designates the minimum loading point of combustion turbine
ke{l,.,K} in MW;
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15.1.1.3  SMCR designates the registered maximum continuous rating of the
steam turbine in MW

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

15.1.1.5 SDF designates the amount of duct firing capacity available on the
steam turbine in MW

15.1.1.6  STPortion, designates the percentage of the steam turbine capacity
attributed to pseudo-unit k € {1,.., K}; and

15.1.1.7  CSCM,, € {0, 1} designates whether pseudo-unit k€ {1,.., K} is flagged
to operate in single cycle mode, subject to section 15.5.

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 is calculated as follows:

CMCR, + SMCR-STPortion;(1 — CSCM,)

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

CMLP,+ SMLP(1— CSCM,)

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

SDF-STPortion; (1 — CSCMy)

15.1.2.4  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
MMLPE,,
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15.1.3.2  The dispatchable region shall be the capacity between MMLP, and
MMLP, + MDR,;

15.1.3.3  The duct firing region shall be the capacity between MMLF, + MDR,
and MMCR,.

15.1.4 The pre-dispatch calculation engine shall calculate the associated combustion
turbine and steam turbine shares for the three operating regions of pseudo-unit
k €{1,..K}, as follows:

15.1.4.1  For the minimum loading point region:

15.1.4.1.1 Steam turbine share: S7ShareMLF, = MRS

MMLPy >
15.1.4.1,2 Combustion turbine share: C7ShareMLE, = ;%L;’; 5 and
15.1.4.2  For the dispatchable region:
15.1.4.2.1 Steam turbine share:
STShareDR, = (1-CSCMy) (SMCR-STPortiony-SMLP-SDF-STPortiony) - and

MDRy,

CMCR-CMLP,
2R and

15.1.4.2.2 Combustion turbine share: C7ShareDR; = DR
k

15.1.4.3  For the duct firing region:

15.1.4.3.1 Steam turbine share shall be equal to 1; and

15.1.4.3.2 Combustion turbine share shall be equal to 0.

15.2 Application of Physical Resource Deratings to the
Pseudo-Unit Model

15.2.1 The pre-dispatch calculation engine shall apply deratings submitted by market
participants to the applicable dispatchable capacity and duct firing capacity
parameters for a pseudo-unit, where:

15.2.1.1  CTCap,; designates the capacity of combustion turbine k& €{Z,.. K} in
time-step ¢ as determined by submitted deratings;

15.2.1.2  STCap,designates the capacity of the steam turbine in time-step £as
determined by submitted deratings; and
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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  MLP,, . which designates the minimum loading point of pseudo-unit k
in time-step £

15.2.2.2 DR, , which designates the dispatchable region capacity of pseudo-
unit kin time-step £ and

15.2.2.3  DF,; , which designates the duct firing region capacity of pseudo-unit
k in time-step .

15.2.3 Pre-Processing of De-rates

15.2.3.1 The pre-dispatch calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine and steam turbine share
and the application of the pseudo-unit deratings. For pseudo-unit

k €{1,.,K} for time-step ¢t € TS:

15.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each
combustion turbine (C7Amt, ;) and steam turbine portion

(STAmt,):

If TotalQ,; < MMLPF, then:
Calculate CTAmt,;, = 0;and
Calculate STAmt, ;= 0.
Otherwise:
CTAmMtMLP = MMLP,-CTShareMLF,; and
STAmtMLP = MMLP,-STShareMLP,.
If TotalQ, > MMLF, + MDR,, then:

CTAmtDR = MDR,-CTShareDRy;
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STAmtDR = MDR,-STShareDR,; and

STAmtDF = (1-CSCMy) (TotalQ.,-MMLF,-MDRy,).
Otherwise:

CTAmtDR = (TotalQ.,-MMLF,) -CTShareDR;

STAmtDR = (TotalQ.,-MMLF,) -STShareDRy;

STAmtDF = 0;

CTAmt,, = CTAmtMLP + CTAmtDR; and

STAmt, ;= STAmtMLP + STAmtDR + STAmtDF,

15.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-
unit:

o STAmt,
PRSTCapy, = -STCap,

2 we {1,., K} STAth‘,W

15.2.3.1.3 Step 3: Determine if the pseudo-unit is available:

If CTAmt;;; < CMLP, then the pseudo-unit is unavailable.

If STAmt,; < SMLP(1 — CSCM,,), then the pseudo-unit is
unavailable.

If CTCap,; < CMLF, then the pseudo-unit is unavailable.

If PRSTCap,; < SMLP(1 — CSCM,,), then the pseudo-unit is
unavailable.

15.2.3.1.4 Step 4: Initialize the operating region parameters for time-step
t € TSto the model parameter values:

Set MLF,,= MMLF,.
Set DR, = MDR,.

Set DF,; = MDF,.
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15.2.3.1.5 Step 5: Apply the derating on the combustion turbine to the
dispatchable region:

Calculate Pso that CMLPE, + P-CTShareDR;-MDR, =
CTCap,; and

Set DR, = min(DR, ., P-MDR).

15.2.3.1.6 Step 6: Apply the derating on the steam turbine to the duct
firing and dispatchable regions for pseudo-units not operating
in single-cycle mode:

Calculate Rso that SMLP+ R-STShareDR;-MDR) =
PRSTCap,y.

If R< 1, update DF,;, = 0, and
DR, = min(DR.;, R-MDR)).

If R >1, update DF,; = min(DF;;, PRSTCap, ;-SMLP-
STShareDR,-MDR,).

15.2.4 Available Energy Laminations

15.2.4.1  The pre-dispatch calculation engine shall determine the offer quantity
laminations that may be scheduled for energy and operating reserve in
each operating region for time-step ¢ € 7.5 for each pseudo-unit
k €{1,.,K}, subject to section 15.2.4.2, where:

15.2.4.1.1 QMLPF,; designates the total quantity that may be scheduled in
the minimum loading point region;

15.2.4.1.2 @QDR, designates the total quantity that may be scheduled in
the dispatchable region; and

15.2.4.1.3 QDF,, designates the total quantity that may be scheduled in
the duct firing region.

15.2.4.2  The available offered quantity laminations shall be subject to the
following conditions:

0 < QMLB < MLP,;
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if QMLF,; < MLF,, then the pseudo-unit is unavailable and
DR, = QDFy = 0; and

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 PS UMI'I][[]k designates the minimum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a minimum limitation on pseudo-unit k, then PS UMI'H? - shall

be set equal to 0;

15.3.1.2 PS UMaXZk designates the maximum limitation on pseudo-unit k

determined by translating constraint g. When constraint g does not
provide a maximum limitation on pseudo-unit k, then PSUMaka shall

be set equal to MLF,;+ DR, + DF.

15.3.1.3 CTCmtd,; €{0,1} designates whether combustion turbine & € {1,..K}
is considered committed in time-step ¢ € 7.

15.3.2 The pre-dispatch calculation engine shall calculate the minimum and maximum
limitations, subject to section 15.3.3.1, as follows:

15.3.2.1° Minimum limitation: MinDG, = max, E{])..Q}PSUMinZk

15.3.2.2 Maximum limitation: MaxDG,; = min,, E{lji.Q}PSUMaka

where Q designates the number of constraints impacting a
combined cycle facility that have been provided to the pre-dispatch
calculation engine.

15.3.3 Pseudo-Unit Minimum and Maximum Constraints

15.3.3.1  Pseudo-unit minimum and maximum constraints shall be calculated as
follows:
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15.3.3.1.1 PSUMin.; = PMin, where PMin shall be a minimum constraint
provided on pseudo-unit k € {1,., K} for time-step ¢ € 75, and

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.

15.3.4 Combustion Turbine Minimum and Maximum Constraints

15.3.4.1 If the pseudo-unit is not flagged to operate in single cycle mode, then
the combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMin < MLP,-CTShareMLP,, then set

TShareMLPy,

STMinMLP= CTMin- (——— J; and
CTShareMLP,

STMinDR= 0.

Otherwise, if CTMin > MLP, ;- CTShareMLP,, then set

STMinMLP= MLP,-STShareMLFE,; and

STMinDR= (CTMin-MLE, CTShareMLA) (o).

Therefore:
PSUMin,, = CTMin+ STMinMLP+ STMinDR.
15.3.4.2 If a pseudo-unit is flagged to operate in single cycle mode. then the

combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMin., = CTMin.

15.3.4.3  If the pseudo-unit is not flagged to operate in single cycle mode. then
the combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMax < MLF, ;-CTShareMLPF, then the pseudo-unit is
unavailable (i.e. PSUMax,; = 0).
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Otherwise, calculate the effect of the constraint on the steam
turbine within the minimum loading point and dispatchable

regions:

STMaxMLP= MLF,;-STShareMLPF,

TShareDR,
STMaxDR= (CTMax-MLPF,;-CTShareMLF,)- /

CTShareDR
PS UMaXt, k= CTMax+ STMaxMLP+ STMaxDR
15.3.4.4 If a pseudo-unit is flagged to operate in single cyvele mode, then the

combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMax, = CTMacx.

15.3.5 Steam Turbine Minimum and Maximum Constraints

15.3.5.1  The pre-dispatch calculation engine shall convert a stream turbine
minimum constraint to a pseudo-unit constraints as follows:

15.3.5.1.1 Step 1: Identify 4 € {1,.., K}, which designates the set of pseudo-
units to which the constraint may be allocated where pseudo-unit
k€ {1,.,K}is placed in set A if and only if CSCM;, = 0_and
CTCmtd,, = 1. If the set A is empty, then no further steps are
required, otherwise proceed to Step 2.

15.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of
pseudo-unit k€ A:

STCapy = QMLF,;-STShareMLF, + QDR,;-STShareDR; + QDF,;.

15.3.5.1.3 Step 3: Allocate the S7Min constraint to each pseudo-unit k€ A,
where S7TMin constraint shall be allocated equally to each
pseudo-unit k € A and and STPMin, is limited by S7Capy.

15.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be
converted to a pseudo-unit constraint .where for each pseudo-unit
ke A:

If STPMin;, < MLF,;-STShareMLF,, then set

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-341



CTMinMLE, = STPMin- (e 20k).

e N and
STShareMLPy,.
CTMinDR,, = 0.

Otherwise, if STPMin;, = MLF, ;-STShareMLPF, then set

CTMinMLB, = MLP,,-CTShareMLF,; and

CTMI'HDRJ( = (STPMI.H]('MLPI;[('STS]?aI‘EMLPk) i (CTSbareDRk);

STShareDRy,.

Therefore:
PSUMin, = STPMin, + CTMinMLF,+ CTMinDR,.

15.3.5.2  If pseudo-units with sufficient steam turbine capacity are not
commited, then the pre-dispatch calculation engine shall not convert
the entire quantity of the steam turbine minimum constraint to pseudo-
unit constraints.

15.3.5.3 The steam turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

STAmE,
Ywe(,.k} STAME

PRSTMax,, = < )-STMax.

15.3.5.3.1 If the converted steam turbine maximum constraint limits the
steam turbine portion to below its minimum loading point, then

PSUMax,, = 0.

15.3.5.3.2 Otherwise, calculate R so that
SMLP + R-STShareDR;-MDRy = PRSTMax,:

If R< 1, set PSUMax, =
MLP,; + min(DR, ., R-MDRYy,).

If R > 1, set PSUMax,; = MLP,;+ DR, +
PRSTMax, ;-SMLP-STShareDR-MDR,,

15.3.5.4  If the steam turbine minimum and maximum constraints are equal but

do not convert to equal pseudo-unit minimum and maximum
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constraints, then the steam turbine minimum constraint conversion in
section 15.3.5.1 shall be used to determine equal pseudo-unit
minimum and maximum constraints.

15.4 Steam Turbine Forced Outages

15.4.1 If the steam turbine experiences a forced outage, the pre-dispatch calculation
engine shall evaluate the corresponding pseudo-units as resources being offered
in single cycle mode.

15.5 Single-Cycle Mode Flag Across Two Dispatch Days

15.5.1 If the pre-dispatch look-ahead period spans two dispatch days and the single cycle

mode flag across the two dispatch days differs, then the pre-dispatch calculation
engine shall apply the following:

15.5.1.1 Ifthere are no future minimum constraints for the pseudo-unit before
the end of the first dispatch day and if the JESO’s energy management
system indicates that the combustion turbine associated with the
pseudo-unit is not online, then the pre-dispatch calculation engine
shall use the single cycle mode flag of the second dispatch day for the
entire pre-dispatch look-ahead period.

15.5.1.2  If there are no minimum reliability or commitment constraints on the
pseudo-unit which cross into the next dispatch day and either there is a
future minimum reliability or commitment constraint on the pseudo-
unit that ends before the end of the first dispatch day or if the IESO’’s
energy management system indicates that the combustion turbine
associated with the pseudo-unit is online, then the pre-dispatch
calculation engine shall:

15.5.1.2.1 use the single cycle mode flag of the first dispatch day for the pre-
dispatch look-ahead period in the first dispatch day and use the
single cycle mode flag of the second dispatch day for the pre-
dispatch look-ahead period in the second dispatch day; and

15.5.1.2.2 schedule the pseudo-unit to 0 MW in the first hour of the second
dispatch day.

15.5.1.3  If there is a minimum reliability or commitment constraint on the
pseudo-unit that crosses into the next dispatch day. then the pre-
dispatch calculation engine shall:
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15.5.1.3.1 use the single cycle mode flag of the first dispatch day for the pre-
dispatch look-ahead period in the first dispatch day and the
beginning hours of the second dispatch day to meet such
constraint;

15.5.1.3.2 use the single cycle mode flag of the second dispatch day for pre-
dispatch look-ahead period in the second disptch day after such
constraint for the pseudo-unit has completed: and

15.5.1.3.3 schedule the pseudo-unit to 0 MW in the first hour for which no
reliability or commitment constraint applies in the second

dispatch day.

15.6 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

15.6.1 For a combined cycle facility with K combustion turbines and one steam turbine,
the pre-dispatch calculation engine shall compute the following energy and
operating reserve schedules for time-step ¢ € 7S:

15.6.1.1 CTE,;, which designates the energy schedule for combustion turbine
ke{l,.,K}:

15.6.1.2  STPE,, . which designates the energy schedule for the steam turbine
portion of pseudo-unit k €{1,..,K};

15.6.1.3  STE, ., which designates the energy schedule for the steam turbine;

15.6.14 CT10S;;, which designates the synchronized ten-minute operating
reserve schedule for combustion turbine k& €{1,..,K};

15.6.1.5 STP10S;;, which designates the synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-unit

kel K}

15.6.1.6  ST10.S,, which designates the synchronized ten-minute operating
reserve schedule for the steam turbine;

15.6.1.7  CT10 N4, which designates the non-synchronized ten-minute
operating reserve schedule for combustion turbine k& €{1,..,K};
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15.6.2

15.6.1.8  STP10N,, which designates the non-synchronized ten-minute

15.6.1.9  ST10M,, which designates the non-synchronized fen-minute operating

15.6.1.10 CT30R,y, which designates the thirty-minute operating reserve

15.6.1.11 STP30R,;, which designates the thirty-minute operating reserve

15.6.1.12 ST30R,, which designates the thirty-minute operating reserve

operating reserve schedule for the steam turbine portion of pseudo-
unit k €{1,.,K};

reserve schedule for the steam turbine:

schedule for combustion turbine k¥ €{1,..,K};

schedule for the steam turbine portion of pseudo-unit k €{1,.,K}; and

schedule for the steam turbine.

The pre-dispatch calculation engine shall determine the following energy and

operating reserve schedules for pseudo-unit k € {1,.., K} in time-step t€ 7:

15.6.2.1 SE,, . which designates the total amount of energy scheduled and
SEx = 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 < SEMLF,; <
QMLF, i,

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 SEMLP,;, = QMLP,;

15.6.2.1.3 SEDF,; designates the portion of the schedule corresponding to
the duct firing region, where 0 < SEDF,;, < QDF,; and
SEDF, ;>0 only if SEDR,;, = QDR,.

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 ten-
minute operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region, then 0 < SE,; +
5108, + S10N, < QMLE,; + QDR and
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15.6.3

15.6.2.4 S30R,; , which designates the total amount of thirty-minute operating

reserve scheduled, where 0 < SE,; + S10S,;+ SI0ON,; + S30R,; <
QMLF,;+ QDR+ QDF,;.

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

15.6.3.2

15.6.3.3

If SE, . > MLPy,, then:

CTE,; = SEMLP,-CTShareMLP, + SEDR,, - CTShareDR,;
STPE, = SEMLP,;-STShareMLB, + SEDR, -STShareDR,, + SEDF,;
RoomDR, ;= QDR ;-SEDR,;

10SDR,, = min(RoomDR, ;,5105;;).

10NDR,, = min(RoomDR,; -10SDR,;, S10N,4):

30RDR, ;= min(RoomDR - 10SDR, ;- 10 NDR,;,S30R, ;):
CT10S, = 108DR,-CTShareDRy;

STP10S,x = 108SDR, -STShareDR, + (5105, ;- 10SDR, ;)
CT10N; ;= 10NDR, ;-CTShareDR,;

STP1ON, = 10NDR, -STShareDR, + (S10N, - 10NDR,,);
CT30R. ;= 30RDR,-CTShareDR,; and

STP30R, ;= 30RDR, ;-STShareDR; + (S30R,,-30RDR, ;)

If SE,y < MLF,; and is ramping to minimum loading point, then the
conversion shall be determined by the ramp up energy to minimum

loading point.

The steam turbines portion schedules from section 15.6.3.1 shall be

summed to obtain the steam turbine schedule as follows:

STE, = Zk=1,..,K STPEt,k;
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ST10S, = Yy—1_x STP10S,
ST10N, = Y1, x STP10N, ;; and

ST30R; = Y1 x 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.

16.2 Sets, Indices and Parameters

16.2.1 The sets, indices and parameters used to calculate locational marginal prices are
described in section 4. In addition, the following shadow prices from Pass 1 shall
be used:

16.2.1.1 SPEm Tt,la ~. which designates the Pass 1 shadow price for the post-
contingency transmission constraint for facility f € Fin contingency
¢ € Cin time-step &

16.2.1.2  SPExtT}, . which designates the Pass 1 shadow price for the import or
export limit constraint z € Zs,, in time-step #;

16.2.1.3 SPIL . which designates the Pass 1 shadow price for the energy
balance constraint in time-step ¢;

16.2.1.4  SPNIUExtBwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting increases in net
imports between time-step (£ — 1)_and time-step ¢;

16.2.1.5 SPNIDExtBwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting decreases in net
imports between time-step (¢ — 1) _and time-step #;

16.2.1.6  SPNIUExtFwdT}, which designates the Pass 1 shadow price for the
net interchange scheduling limit constraint limiting increases in net
imports between time-step t and time-step (£+ 1);
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16.2.1.7

16.2.1.8

16.2.1.9

16.2.1.10

16.2.1.11

16.2.1.12

16.2.1.13

16.2.1.14

16.2.1.15

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}1f 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 ten-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 #;

SP30RL, which designates the Pass 1 shadow price for the total thirty-
minute operating reserve requirement constraint in time-step #;

SPREGMin10R.., . which designates the Pass 1 shadow price for the
minimum fen-minute operating reserve constraint for region
r € ORREG in time-step t;

SPRE GMinBOR}, +., which designates the Pass 1 shadow price for the

minimum thirty-minute operating reserve constraint for region
r € ORREG in time-step ¢,

SPREGMax10RY, , which designates the Pass 1 shadow price for the
maximum fen-minute operating reserve constraint for region
I € 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 Enerqgy

16.3.1 Energy Locational Marginal Prices for Delivery Points

16.3.1.1

The pre-dispatch calculation engine shall calculate a locational

marginal price and components for energy for Pass 1 and each time-
step t € TS for every bus b € L_where a non-dispatchable or
dispatchable generation resource, a dispatchable load, an hourly
demand response resource, or a non-dispatchable load is sited and:
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16.3.1.1.1 LMP}, designates the Pass 1 time-step ¢locational marginal price
for energy:;

16.3.1.1.2 PRef} designates the Pass 1 time-step locational marginal price
for energy at the reference bus;

16.3.1.1.3 PLoss}lb designates the Pass 1 time-step #loss component; and

16.3.1.14 PCong% pdesignates the Pass 1 time-step #congestion component.

16.3.1.2  The pre-dispatch calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy at the reference bus, a loss component and a congestion
component for Pass 1 at bus b € L in time-step ¢ € 7%, as follows:

InitLMP}, = InitPRef} + InitPLoss;, + InitPCongy,
where:
InitPRef} = SPL;
InitPLoss;, = MglLossy,-SPL:;

and

InitPCong}, = Z PreConSF, ), - SPNormT, + Z Z SFycrp SPEMT ;.
fEFt cEC fEFt,C

16.3.1.3  If the initial locational marginal price for energy at the reference bus

(InitPRef}) is not within the settlement bounds

(EngyPrcFlr, EngyPrcCeil), then the pre-dispatch calculation engine
shall modify the locational marginal price for energy at the reference
bus as follows:

If InitPRef} >EngyPrcCelil , set PRef; = EngyPrcCeil
If InitPRef} < EngyPrcFlir, set PRef} = EngyPrcFir

Otherwise, set PRef} = InitPRef}

16.3.1.4 If the initial locational marginal price for energy ([nitLMP,{ ») 1s not
within the settlement bounds ( EngyPrcFlIr, EngyPrcCeil), then the pre-
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dispatch calculation engine shall modify the locational marginal price
for energy as follows:

E[nitLM}},lb>EngyPrcC eil, set LMPgb = EngyPrcCeil
If InitLMPt,lb < EngyPrcFlIr, set LMPt,lb = EngyPrcFIr

Otherwise, set LMPL, = InitLMP},

16.3.1.5  The pre-dispatch calculation engine shall modify the loss component
as follows:

If PRef} #InitPRef}, set PLoss}, = MgILoss;, PRef}

Otherwise, set PLOSS% b= [111'tPL055}, b

16.3.1.6  The pre-dispatch calculation engine shall modify the congestion
component as follows:

ELMP;I, -PRef} -PLOSS% p.and [nitPCong'}, p.have the same
mathematical sign, then set PC ong%, biLMPgb -PRef} -PLOSS}’ b

Otherwise, set PCongy;, = 0 and set PLoss;, = LMFL,-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 t € TS for intertie zone bus d € D, where:

16.3.2.1.1 EXtLMH,ld designates the Pass 1 time-step ¢/ocational marginal
price for energy;

16.3.2.1.2 IntLMP[,ld designates the Pass 1 time-step tintertie border price
for energy;

16.3.2.1.3 ICE,IL, designates the Pass 1 time-step tintertie congestion
price;

16.3.2.1.4 PRef} designates the Pass 1 time-step ¢ locational marginal
price for energy at the reference bus:;
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16.3.2.1.5 PLoss%d designates the Pass 1 time-step Zloss component;

16.3.2.1.6 P[ntCong%d designates the Pass 1 time-step Zinternal
congestion component for energy:

16.3.2.1.7 PEXtCong%,d designates the Pass 1 time-step Zexternal
congestion component for the intertie congestion price; and

16.3.2.1.8 PN[Sth,d designates the Pass 1 time-step £net interchange
scheduling limit congestion component for the intertie
congestion price.

16.3.2.2  The pre-dispatch calculation engine shall calculate an initial

locational marginal price for energy, a locational marginal price for
energy for the reference bus, a loss components and a congestion
components for energy for Pass 1 at intertie zone bus d € D, in intertie
zone a € Ain time-step ¢, subject to sections 16.3.2.8 and 16.3.2.9, as
follows:

InitExtLMP,,; = [ﬂit[ntLMﬂ}d + fm’th'Péd
where:
I[nitPRef} = SPI;
InitPLoss; ;= MglLoss; 4-SPL;
InitPIntCong}_d

= Z PreConSF,f 4 -
fEFt

.S‘PNormTtljf + Z Z SFicra 'SPEmTtl,c.f;
CEC fE€F,

Initin a‘b‘J{uJ’la'Pr}1 = [nitPRef} + InitPLoss, ;+ InitPIntC ongiry &
InitPExtC cmgé 4= Yzez,, EnCoeff, , - SPExtT.,;
and
InitPNISL,; = SPNIUExtBwdT} - SPNIUExtFwdT} - SPNIDExtBwdT} + SPNIDExtFwdT}
InitICE ;= InitPExtCongy; 4+ InitPNISL,

16.3.2.3 _ If the initial locational marginal price for energy (InitExtLMPL) is not
within the settlement bounds ( EngyPrcFIr, EngyPrcCeil), then the pre-
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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 ( [nit]ntLMPgd) shall be modified

as per section 16.3.1.4, where 1111'tLMR;1 i[m’t]ntLM}%1 i

16.3.2.3.3 The initial loss component ( lnitPLoss}, 2) shall be modified as per

section 16.3.1.5: and

16.3.2.3.4 The initial internal congestion component ( InitP]ntCong% g) shall

16.3.2.4

be modified as per section 16.3.1.6, where [nl'tPCong%’ p=
[nitPIntC ong%’ de

If the initial locational marginal price for energy ( InitEXtLM}}fd is not

16.3.2.5

within the settlement bounds (EngyPrcFlIr, EngyPrcCeil), then the pre-
dispatch calculation engine shall modify the locational marginal price
for energy, as follows:

ElnitEXtLMﬂ}d>EngyPrcCeil, set EXZ'LMPt} = EngyPrcCeil
If InitExtLMP,; < EngyPrcFlr, set ExtLMP, ;= EngyPrcFlr

Otherwise, set ExtLMP.;= InitExtLMP.,

If the modified locational marginal price for energy ( EXZ'LMPtlZd is

16.3.2.6

equal to the intertie border price for energy ( [ntLMPgd), then the pre-
dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion component for the intertie congestion
price, as follows:

If ExtLMP.; = IntLMP., set PExtCong;,= 0_and
PNISL; ;=

If the modified locational marginal price for energy ( ExtLMPt{d is not

equal to the intertie border price for energy ( IntLMPtl’d), then the pre-
dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
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scheduling limit congestion component for the intertie congestion
price, as follows:

If ExtLMP}; # IntLMP., set

. ) ) InitPNISL}, 4
PNISLy ;= (ExtLMF},— IntLME.,)- '
d,

InitPNISL, , + [nitPExtCong,
If PNISLy; > NISLPen, set PNISL,,= NISLPen

If PNISL; ; < (-1)-NISLPen, set PNISL, ;= (-1)-NISLPen
Then PExtCong,,= ExtLMP, -IntLMPL;-PNISL,

16.3.2.7  The pre-dispatch calculation engine shall calculate the intertie
congestion price as follows:

ICP}, = PExtCong,,+ PNISLy,

16.3.2.8  The locational marginal price for energy calculated by the pre-
dispatch calculation engine shall be the same for all boundary entity
resource buses at the same intertie zone. Intertie transactions
associated with the same boundary entity resource bus, but specified
as occurring at different intertie zones, subject to phase shifter
operation, shall be modelled as flowing across independent paths.
Pricing of these transactions shall utilize shadow prices associated
with the internal transmission constraints, intertie limits and
transmission losses applicable to the path associated to the relevant
intertie zone.

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:
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VZonalPL, = PRef} + VZonalPLoss},, + VZonalPCong.,,

where
VZonalPLosst,, = Z WFYIRL - PLoss},,
beLRRT
and
VZonalPCongt,, = Z WEFYIRT'. pCong},
bELM T

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:

ZonalB}, = PRef} + ZonalPLoss;,+ ZonalPCongi,

where:

ZonalPLoss}, = Z WFDL - PLoss;),

NDL
bELY,

and

ZonalPCongt, = Z WFXDL - PCongy,
peLyPr

16.3.3.3  The Ontario zonal price is calculated per section 16.3.3.2 where the
non-dispatchable load zone is comprised of all non-dispatchable loads

within Ontario.

16.3.4 Pseudo-Unit Pricing

16.3.4.1 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each time-

step ¢ for every pseudo-unit k € {1,.., K}, where:
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16.34.1.1 C TMg]LOSS}/ . designates the marginal loss factor for the

combustion turbine identified by pseudo-unit k for time-step ¢

in Pass 1:

16.3.4.1.2 ST Mg][,ossf rdesignates the marginal loss factor for the steam

turbine identified by pseudo-unit k for time-step ¢£in Pass 1:

16.3.4.1.3 CTPreConSF, s designates the pre-contingency sensitivity
factor for the combustion turbine identified by pseudo-unit k on

facility f during time-step tunder pre-contingency conditions:

16.3.4.1.4 STPreConSF, s designates the pre-contingency sensitivity
factor for the steam turbine identified by pseudo-unit k on

facility f during time-step tunder pre-contingency conditions;

16.3.4.1.5 CTSF, . s designates the post-contingency sensitivity factor for
the combustion turbine identified by pseudo-unit k on facility f

during time-step ¢tunder post-contingency conditions for
contingency c¢; and

16.3.4.1.6 STSF, . designates the post-contingency sensitivity factor for

the steam turbine identified by pseudo-unit k on facility f

during time-step ¢tunder post-contingency conditions for
contingency c.

16.3.4.2  The pre-dispatch calculation engine shall calculate an initial

locational marginal price for energy, a locational marginal price for

energy at the reference bus, a loss component and a congestion
component for Pass 1 and each time-step ¢ for every pseudo-unit

k €{1,.,K}, as follows:

InitLMP}, = InitPRef} + InitPLoss;, + InitPCongy
where:
InitPRef}=SPL.;
InitPLoss;=MglLoss};-SPL:;

and

InitPCong}; = Z PreConSF, s -SPNormTtl_f + Z Z

SFt,C,f,k " SPE

fEFt cEC fEFtJC

mTtl,c. f
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16.3.4.3  If pseudo-unit k € {1,., K} is scheduled within its minimum loading
point range or not scheduled at all, its marginal loss and sensitivity
factors shall be:

MglLoss,; = CTShareMLF, -CTMgILoss,; + STShareMLPB, -STMgILoss};,
PreConSF, ¢ = CTShareMLE,: CTPreConSF, ¢, + STShareMLE,- STPreConSF, g

SF[‘,C,f,k = CTS]]HFEMLP[( 'CTSFLCH( + STS]]HI‘@MLH( 'STSFt,L‘,f,k

16.3.4.4  If pseudo-unit k €{1,.,K} is scheduled within its dispatchable region,
its marginal loss and sensitivity factors shall be:

MglLoss, ;= CTShareDR,-CTMgILoss}+ STShareDR-STMgILoss,
PreConSF, ¢, = CTShareDR,- CTPreConSF, i + STShareDR,- STPreConSF, gy

SFL‘,C,f,k: CTS]]HF@DRk 'CTSFZ‘,C,H(-}_ STS]]HI‘@DR[('STSFCG[J(

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; = STMgILossy
PreConSF, ¢, = STPreConSF, g,

16.4 Locational Marginal Prices for Operating Reserve

16.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

16.4.1.1 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for operating reserve for Pass 1 and
each time-step t for a delivery point associated with the dispatchable
generation resource and dispatchable load at bus b € B, where:

16.4.1.1.1 L30RP¢Ib designates the Pass 1 time-step t locational marginal
price for thirty-minute operating reserve;
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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

P30RRef} designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve at the

reference bus;

PBORCong%, p.designates the Pass 1 time-step Zcongestion
component for thirty-minute operating reserve;

L10NQ1b designates the Pass 1 time-step &/ocational marginal
price for non-synchronized ten-minute operating reserve;

P10 NRef} designates the Pass 1 time-step tlocational
marginal price for non-synchronized ten-minute operating
reserve at the reference bus:

PlONCong}, p.designates the Pass 1 time-step £congestion
component for non-synchronized ten-minute operating reserve:;

L105Ptllb designates the Pass 1 time-step &locational marginal

price for synchronized ten-minute operating reserve:

P10SRef} designates the Pass 1 time-step ¢ locational
marginal prices for synchronized ten-minute operating reserve
at the reference bus:;

PlOSCong%, pdesignates the Pass 1 time-step £congestion
component for synchronized ten-minute operating reserve; and

16.4.1.1.10  ORREG, < ORREG as the subset of ORREG consisting of

regions that include bus A.

16.4.1.2  The pre-dispatch calculation engine shall calculate an initial

locational marginal price, a locational marginal price at the reference

bus. and congestion components for Pass 1 for a delivery point

associated with the dispatchable generation resource and dispatchable

load at bus b € B in time-step t € TS, for each class of operating

reserve, as follows:

[nitL30RFPY, = InitP30RRef} + InitP30 RCongy,,

where

InitP30 RRef} = SP30R:
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and

InitP30RCong}, = Z SPREGMin30R}, — Z SPREGMax30RL,
rEORREG), rEORREG)

[nitL10 NP}, = InitP1ONRef! + InitPLONCong,

where
[nitP10 NRef} = SP10R: + SP30R}
and
InitP10NCong;,,
= Z (SPREGMin10R}, + SPREGMin30R},)
TEORREG)
— Z (SPREGMax10R}, + SPREGMax30R},)
rEORREG)
[nitll O.S’Pg = InitP10SRef! + !m'tPlO.S'Congi b
where
InitP10SRef} = SP10S; + SP10R: + SP30R.
and
InitP10SCong},
= Z (SPREGMin10R}; + SPREGMin30R},)
TrEORREG),
— Z (SPREGMax10R;}; + SPREGMax30R},)
rEORREG)

16.4.1.3  If'the initial locational marginal price at the reference bus

(InitP30RRef!, InitP10NRef!, or InitP10SRef}) is not within the
settlement bounds ( ORPrcFiIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the locational marginal price at the
reference bus for each class of operating reserve as follows:

If InitP30 RRef} > ORPrcCeil , set P30 RRef} = ORPrcCelil.

If /nitP30 RRef} < ORPrcFlir, set P30RRef} = ORPrcFir,
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16.4.1.4

Otherwise, set P30 RRef} = InitP30 RRef}.

If InitP10 NRefl > ORPrcCeil , set PLONRef} = ORPrcCeil
If InitP10 NRef} < ORPrcFir, set PLONRef} = ORPrcFir

Otherwise, set P10 NRef} = InitP10 NRef}

If /nitP10 SReft,ORPrcFIr > ORPrcCeil , set
10SRet} = ORPrcCeil

If /nitP10SRef}, ORPrcFIr < ORPrcFIr, set
10SRef} = ORPrcFir

Otherwise, set 10SRef! = InitP10SRef}

If the initial locational marginal price ( [nitL.S’ORPtIJb,

InitL1 ONB;Ib, or /nitL1 OSH,JZ,) is not within the settlement bounds

(ORPrcFir, ORPrcCelil), then the pre-dispatch calculation engine shall
modify the locational marginal price for each class of operating
reserve as follows:

If /nitL30RB, > ORPrcCeil, set L30 RP}, = ORPrcCell:
If /nitL30RP., < ORPrcFlIr, set L30RP, = ORPrcFIr,

Otherwise, set L30RP., = [nitL30 R,

If InitL10 NP, > ORPrcCeil,set L10NP}, = ORPrcCell:
If /nitL10 NP}y, < ORPrcFlr, set LIO NP, = ORPrcFIr,

Otherwise, set LIONP,, = InitL10 NP,

If /nitL10SP}, > ORPrcCeil _set L10SP}, = ORPrcCelil.
If /nitL10SP, < ORPrcFIr, set L10SP, = ORPrcFIr,

Otherwise, set L10SP), = InitL10SF,,,.
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16.4.1.5 If the initial locational marginal price ( 1111'tL3’0Rbe
InitL10NPY, or InitL1 OSPt/Jb) is not within the settlement bounds

(ORPrcFir, ORPrcCeil), then the pre-dispatch calculation engine shall
modify the congestion component for each class of operating reserve
as follows:

Set P30RCongy, = L30RE,,-P30RRef};
Set PLONCong,, = L10NPF,,-P10 NRef}; and
Set P10SCong;, = L10SFL,-PLOSRef}.

16.4.1.6  Operating Reserve Locational Marginal Prices for Intertie Metering
Points

16.4.1.7  The pre-dispatch calculation engine shall calculate a locational
marginal price and components for operating reserve for Pass 1 and
each time-step t € TS for intertie zone bus d € D, where:

16.4.1.7.1 EXtL30RPC]d 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 PBOR[ntCong%,d designates the Pass 1 time-step Zinternal
congestion component for thirty-minute operating reserve;

16.4.1.7.4 PBORExtCong%/ s designates the Pass 1 time-step tintertie
congestion component thirty-minute operating reserve;

16.4.1.7.5 EXtLlONf}lld designates the Pass 1 time-step ¢/ocational
marginal price for non-synchronized ten-minute operating
reserve;

16.4.1.7.6 P10 NRef} designates the Pass 1 time-step ¢ locational
marginal price for non-synchronized ten-minute operating
reserve at the reference bus:
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16.4.1.7.7 PlON]ntCong%, qdesignates the Pass 1 time-step Zinternal
congestion component for non-synchronized ten-minute
operating reserve,

16.4.1.7.8 PlONEXtCOI]g‘}, s designates the Pass 1 time-step Zexternal
congestion component for non-synchronized ten-minute
operating reserve; and

16.4.1.7.9 ORREG,;< ORREG as the subset of ORREG consisting of
regions that include bus d.

16.4.1.8  The pre-dispatch calculation engine shall calculate initial locational
marginal price, locational marginal price at the reference bus, internal
congestion component and external congestion component for Pass 1
at intertie zone bus d € D, in intertie zone a € A in time-step t € T8,
for each class of operating reserve, subject to sections 16.4.1.11 and
16.4.1.12, as follows:

InitExtL30 RFL; = InitP30RRef} + InitP30 RintCong, ,+ InitP30 RExtCong,,
where:
InitP30 RRef} = SP30R:;
[nitP30RIntCong,y=Y.reorrec, SPREGMIn30R} . - Y. rcorrzc, SPREGMax30R;,

and

IitP30RExtCongl, = — Z 0.5 (EnCoeff,, + 1) - SPExtTZ,.

ZEZSch

InitExtL10 NP, = InitPLONRef} + InitP10NIntCong, 4+ [nitP10 NExtCong,
where:
[nitP1ONRef! = SPIOR. + SP30R.;

InitPLONIntCongy ;= . reorrec ( SPREGMin10R.  + SPREGMin30 R:, )
Y reorrec (SPREGMax10R., , + SPREGMax30R. ).
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and

InitP10NExtCong; 4 = — Z 0.5 (EnCoeff,, + 1) - SPExtTZ,

ZezSch

16.4.1.9  If the initial locational marginal price ( lnitEXtL.S’ORbe) 1s not within
the settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-dispatch
calculation engine shall modify the locational marginal price, the
locational marginal price at the reference bus, and the external
congestion component for thirty-minute operating reserve as follows:

IntLl30R = ]nitPSORRef} + 1171'tP30R[ntCong}, &
If InitP30 RRefl > ORPrcCeil , set P30 RRef} = ORPrcCeil.
If InitP30 RRef! < ORPrcFlir,set P30 RRef} = ORPrcFir,

Otherwise, set P30 RRet; = InitP30 RRef};

Set P30RIntCongy,= ExtL30RP.,-P30 RRef};

If /nitExtL30RB, > ORPrcCeil , set
ExtL30RP}, = ORPrcCell:

If InitExtL30 RP, < ORPrcFlr, set ExtL30 RP}, = ORPrcFIr,

Otherwise, ExtL30RP,, = InitExtL30RP,; and

Set P30RExtCong, ;= ExtL30RP.,-P30RRef} -
P30RIntC ongé d

16.4.1.10 If the initial locational marginal price (InitExtL1 ONPEJb is not within

the 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 ten-minute operating reserve as follows:

IntL10N = [nitPLONRef} + InitP10 NintCong, ;

If /nitP10 NRef} > ORPrcCeil , set PLONRef} = ORPrcCelil.
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If InitP10 NRef} < ORPrcFlir, set P\0 NRet} = ORPrcFIr,

Otherwise, PLONRef! = InitP10 NRef}; and

Set PIONIntCongt,= LIONEY, — PLONRef;

If /nitExtL10 NP, > ORPrcCell , set
ExtL10NP, = ORPrcCell.

E/Hil‘EXZ‘LlONPt’lb < ORPrcFIr, set EXl‘LlONPgZ7 = ORPrcFir,

Otherwise, ExtL30RP,, = InitExtL10 NP} and

Set PLON ExtCong; ;= ExtL10N P}, - PLON Ref} -
P1ON/ntCong, 4

16.4.1.11 The locational marginal price calculated by the pre-dispatch
calculation engine shall be the same for all boundary entity resource
buses at the same intertie zone. Reserve imports associated with the
same boundary entity resource bus, but 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 infertie limits and
regional minimum and maximum operating reserve requirements
applicable to the path associated to the relevant intertie zone.

16.4.1.12 When an intertie zone is out-of-service, the intertie limits for that
intertie zone will be set to zero and all boundary entity resources for
that intertie zone will receive a zero schedule for energy and operating
reserve and the intertie 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 reseryve 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:
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16.5.2

16.5.1.1

Determine the connection paths over open switches that connect the

16.5.1.2

non-quick start resource to the main island;

Determine the priority rating for each connection path identified based

16.5.1.3

on a weighted sum of the base voltage over all open switches used by
the reconnection path and the MW ratings of the newly connected
branches; and

Select the reconnection path with the highest priority rating, breaking

ties arbitrarily.

For all (i) resources other than those specified in section 16.5.1 not connected to

the main island: (i1) 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

Use the locational marginal price for energy at a node in the node-

16.5.2.2

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

16.5.2.3

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

16.5.2.4

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

16.5.2.5

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.

Appendix 7.6A-364

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-365



Appendix 7.6A — The Real-Time
Calculation Engine Process

1.1 Purpose
1.1.1 This appendix describes the process used by the real-time calculation engine to
determine schedules and prices for the real-time market and real-time look-ahead

period.

2 Real-Time Calculation Engine

2.1 Real-Time Look-Ahead Period

2.11 The real-time look-ahead period is the time horizon of the multi-interval
optimization that includes the dispatch interval and the subsequent ten five-
minute intervals.

2.2 Real-Time Calculation Engine Pass

2.2.1 The real-time calculation engine shall execute one pass, Pass 1, the Real-Time
Scheduling and Pricing Pass in accordance with section 7, to produce real-time
schedules and locational marginal prices.

3 Information Used by the Real-Time
Calculation Engine

3.1.1 The real-time calculation engine shall use the information in section 3A.1 of
Chapter 7.
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4 Sets, Indices and Parameters Used by
the Real-Time Calculation Engine

4.1 Fundamental Sets and Indices

4.1.1 A designates the set of all intertie zones:

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

4.1.3 BP¢ C B designates the set of buses identifying dispatchable generation
resources.,

4.1.4 BPLc Bdesignates the set of buses identifying dispatchable loads:

4.1.5 B"PR B designates the set of buses identifying hourly demand response
resources:

4.1.6 B"E c BPC designates the subset of buses identifying dispatchable hydroelectric

generation resources,

4.1.7 BVPG c B designates the set of buses identifying non-dispatchable generation
resources:

4.1.8 BVoPid ¢ B designates the set of buses identifying dispatchable loads with no bid
for energy;

4.1.9 Bloofer . B desionates the set of buses identifying generation resources with no

offer for energy:;

4,110  BNOWDEc BPSU degionates the subset of buses identifying pseudo-units that
cannot provide ten-minute operating reserve from the duct firing region;

4.1.11 B0 ¢ BPC designates the subset of buses identifying dispatchable non-quick
Start resources,

4.1.12  BPUc BVOS desionates the subset of buses identifying pseudo-units:

4.1.13 _ BRFE¢c Bdesignates the set of internal buses in operating reserve region
€ ORREG,
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4.1.16

4.1.14

4.1.15

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

BYG c BPC designates the subset of buses identifying dispatchable variable
}Zene?‘ation resources,

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

4.1.17

assessment function;

D designates the set of buses outside Ontario, corresponding to imports and

4.1.24

4.1.18

4.1.19

4.1.20

4.1.21

4.1.22

4.1.23

exports at intertie zones;

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

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

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

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

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

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

F designates the set of facilities and groups of facilities for which transmission

4.1.28

4.1.25

4.1.26

4.1.27

constraints may be identified;

F; € Fdesignates the set of facilities whose pre-contingency limit was violated in
interval 7 as determined by a preceding security assessment function iteration;

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

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

/%, designates the set of bid laminations for energy at b € B” for interval /€
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4.1.29 _ Ji}® designates the set of offer laminations for synchronized ten-minute operating

reserve at bus b € BPL for interval 7€ I

4.1.30 __ /ip" designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € BPL for interval /1€ I

4.1.31 PO designates the set of offer laminations for thirty-minute operating reserve at
bus b € B for interval /€ [

4.1.32 __ K7; < K7, designates the set of offer laminations for energy corresponding to the
duct firing region of a pseudo-unit at bus b € B™Y

in interval 7€ £,

4.1.33 KX © K%, designates the set of offer laminations for energy corresponding to the

BV in interval /€ I

dispatchable region of a pseudo-unit at bus b €

4.1.34 K}, designates the set of offer laminations for energy at b€ B¢ u BPC for
interval 7€ [;

4.1.35 K,‘?/[’,LP c be designates the set of offer laminations for energy corresponding to the

minimum loading point region of a pseudo-unit at bus b € BV in interval 7€ [;

4.1.36 K,{?f designates the set of offer laminations for synchronized fen-minute operating
reserve at bus b € BPC for interval /€ .

4.1.37 K};gN designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b € B¢ for interval i € [,

4.1.38 1@,;?,’? designates the set of offer laminations for thirty-minute operating reserve at
bus b € B¢ for interval /€ [,

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

4.1.40  LVRTc ] designates the buses contributing to the virtual zonal price for virtual
transaction zone m € M,

4.1.41 LPEC I designates the buses contributing to the zonal price for non-dispatchable
load zone y € Y,

4.1.42 M designates the set of virtual transaction zones:
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4.1.43 PST designates the set of steam turbines offered as part of a pseudo-unit;

4.1.44 Y designates the non-dispatchable load zones in Ontario.

4.2 Market Participant Data Parameters

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

4.2.1.1 FNDG;, designates the fixed quantity of energy scheduled for interval
i€l

4.2.1.2 PNDG;}, . designates the price for the maximum incremental quantity
of energy in interval 7 € /in association with offer lamination k € KIE o

and
42.1.3 QNDG;}, . designates the maximum incremental quantity of energy that
may be scheduled in interval 7 € /in association with offer lamination
ke K%,
4.2.2 With respect to a dispatchable generation resource identified by bus b € B?C:

4.2.2.1 DRRDG,}, ,, for w€ {1,.,NumRRDG, ,} designates the ramp rate in
MW per minute at which the resource can decrease the amount of
energy it supplies in interval 7 € /while operating in the range between
RmpRngMaxDG,, ., and RmpRngMaxDG;y, .

4.2.2.2  NumRRDG;; designates the number of ramp rates provided for
interval 7€ [,

4223 ORRDG,, designates the maximum operating reserve ramp rate in MW
per minute;

4224  PDG; designates the price for the maximum incremental quantity of
energy in interval 7 € /in association with offer lamination k € KIE .

4.2.2.5 P10SDG; ), i designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval /1 € [
in association with offer lamination Xk € K,{,O,S :
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4.2.2.6 P1ONDG;}, ;. designates the price for the maximum incremental

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

1 € [1in association with offer lamination k € LgN N

4.2.2.7 P30RDG, , . designates the price for the maximum incremental
quantity of thirty-minute operating reserve in interval /1 € [in
association with offer lamination k€ 1(,3;2’?;

42.2.8 QDG designates the maximum incremental quantity of energy
above the minimum loading point that may be scheduled in interval
1€ [in association with offer lamination k € K‘,E 7

4229 Q105DG; i designates the maximum incremental quantity of
synchronized fen-minute operating reserve in interval 7 € /in
association with offer lamination k€ K,{,O,S 3

4.2.2.10 Q10NDG, . designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve in interval 7 € /in

association with offer lamination k€ K}p";

42.2.11 (@30RDG;  designates the maximum incremental quantity of thirty-
minute operating reserve in interval 7 € /in association with offer
lamination k€ 1(,3;2’2

4.2.2.12  RLP30R;; designates the reserve loading point for thirty-minute
operating reserve in interval 7 € [,

4.2.2.13 RLP10S;, designates the reserve loading point for synchronized ten-
minute operating reserve in interval 7 € [,

4.2.2.14 _RmpRngMaxDG;,, ,, for w€ {1,.,NumRRDG;,} designates the w™
ramp rate break point for interval /€ /;

42.2.15 URRDG;,, for we€ {1,.,NumRRDG,;} designates the ramp rate in
MW per minute at which the resource can increase the amount of
energy it supplies in interval 7 € /while operating in the range between
RmpRngMaxDG;,, .. and RmpRngMaxDG;, ., where
RmpRngMaxDG; shall be equal to zero.

4.2.3 With respect to a dispatchable non-quick start resource identified by
bus b€ BV;
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4.2.4

4.23.1 MinQDG), designates the minimum loading point indicating the
minimum output at which the resource must be scheduled except for
times when the resource is starting up or shutting down.

With respect to a dispatchable hydroelectric generation resource identified by bus

4.2.5

be B"E:

4.2.4.1 -(ForlL;y, . ForU;,, ) for we {1,.,NFor;,} designate the lower and
upper limits of the forbidden regions in interval 7 € /and indicate that
the resource cannot be scheduled between ForL;,, , and ForU;y, ,, for
all we {1,.,NFor;}.

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

4.2.6

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

4.2.5.2 STShareDR,, designates the steam turbine share of the dispatchable
region.

With respect to a generation resource with no offer for energy identified by bus

4.2.7

be BNaOffer.

4.2.6.1 FNOG;, designates the fixed quantity of energy scheduled for injection
for interval 7 € /determined by the /ESO's energy management system.

With respect to a dispatchable load identified by bus b € B”L:

4.2.7.1 DRRDL;}, ,, for we€ {1,.,NumRRDL;;} designates the ramp rate in
MW per minute at which the dispatchable load can decrease its
amount of energy consumption in interval / € /while operating in the
range between RmpRngMaxDL;}, ., and RmpRngMaxDL;}, .

4272  NumRRDL;;, designates the number of ramp rates provided for
interval 7€ [;

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

4274  PDL;,; designates the price for the maximum incremental quantity of

energy in interval /€ /in association with bid lamination j € /;:
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4.2.7.5  PIONDL;;; designates the price for the maximum incremental quantity
of non-synchronized ten-minute operating reserve in interval j € /in

association with offer lamination j € /;pV;

4.2.7.6 P10SDL;;,; designates the price for the maximum incremental quantity

of synchronized fen-minute operating reserve in interval 7 € /in

association with offer lamination j € }25;

4.2.7.7 P30RDL;;, designates the price for the maximum incremental quantity
of thirty-minute operating reserve in interval 7 € /in association with
offer lamination j € ]ng;

4.2.7.8  QDL;;,; designates the maximum incremental quantity of energy that
may be scheduled in interval 7 € /in association with bid lamination
. E
J€ Jips

4.2.7.9 QDLFIRM;, designates the quantity of energy that is bid at the
maximum market clearing price in interval /€ [,

4.2.7.10  Q10NDL;;, designates the maximum incremental quanity of non-

synchronized ten-minute operating reserve that may be scheduled in

interval /€ /in association with offer lamination j € %2” :

4.2.7.11 Q105DL;;; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be scheduled in
interval 7 € [in association with offer lamination j € /}25;

4.2.7.12 Q@30RDL;;, designates the maximum incremental quantity of thirty-
minute operating reserve that may be scheduled in interval 7€ /in
association with offer lamination j € /ng;

4.2.7.13 _RmpRngMaxDL;,,,, for we {1,.,NumRRDL,,} designates the w™
ramp rate break point for interval /€ /,

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

4.2.8 With respect to an hourly demand response resource identified by bus b € BPR:
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4.2.9

4.2.8.1  FHDR;, designates the fixed schedule of energy consumption for
interval /7 € /determined by the activation of the hourly demand
response resource.

With respect to a dispatchable load with no bid for energy at bus b € BVoPid:

4.2.10

429.1  FNBL;, designates the fixed quantity of energy scheduled for
consumption for interval 7 € /determined by the /ESO's energy
management system.

With respect to a boundary entity resource import at intertie zone bus d € DI,

4.2.11

where the locational marginal price represents the price for the intertie metering
point and its fixed schedules are the most recent interchange schedules:

4.2.10.1  FIGPrc; ; designates the fixed quantity of energy scheduled to import
for interval 7 € /and used for calculating locational marginal prices:

4.2.10.2  FIGSch; ,; designates the fixed quantity of energy scheduled to import
for interval 7 € [and used for determining schedules;

4.2.10.3  FIONIGPrc;, designates the fixed quantity of non-synchronized fen-
minute operating reserve scheduled for interval 7 € /and used for
calculating locational market prices:;

4.2.10.4  FI0NIGSch; z designates the fixed quantity of non-synchronized zen-
minute operating reserve scheduled for in interval 7 € /and used for
determining schedules:

4.2.10.5 F30RIGPrc; 4 designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ /and used for calculating locational
marginal prices; and

4.2.10.6  F30RIGSch; ; designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ /and used for determining schedules.

With respect to a boundary entity resource export at intertie zone bus d € DX,

where the locational marginal price represents the price for the intertie metering
point and its fixed schedules are the most recent interchange schedules:

42.11.1 FXLPrc;, designates the fixed quantity of energy scheduled to export
for interval 7€ /and used for calculating locational marginal prices;
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4.2.11.2

4.2.11.3

4.2.11.4

4.2.11.5

4.2.11.6

FXLSch; ; designates the fixed quantity of energy scheduled to export
for interval 7 € /and used for determining schedules:

F10NXLPrc; ; designates the fixed quantity of non-synchronized zen-
minute operating reserve scheduled for interval 7€ /and used for
calculating locational marginal prices:

F10NXLSch; ; designates the fixed quantity of non-synchronized ten-
minute operating reserve scheduled for interval 7€ /and used for
determining schedules:

F30RXLPrc;,; designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7 € /and used for calculating locational
marginal prices; and

F30RXLSch; ; designates the fixed quantity of thirty-minute operating
reserve scheduled for interval 7€ /and used for determining schedules.

FG;j, designates the /ESO'’s centralized variable generation forecast

for a variable generation resource identified by bus b € B"¢ for

4.3 IESO Data Parameters
4.3.1 Variable Generation Forecast
4.3.1.1
interval 7€ /.
4.3.2 Variable Generation Tie-Breaking
4.3.2.1
4322
433 Operating Reserve Requirements

NumVG, designates the number of variable generation resources in
the daily dispatch order for interval 7 € [ and

TBM;, € {1,.,NumVG;} designates the tie-breaking modifier for the
variable generation resource at bus b € B" for interval 7€

4.3.3.1

4332

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

REGMin10R;, designates the minimum requirement for total ten-
minute operating reserve in region r € ORRFEG in interval /€ £,
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4.3.4

4333

4334

43.3.5

4.3.3.6

43.3.7

43.3.8

REGMiIn30R;, designates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in interval 7€ [,

REGMax10R; . designates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r€ ORREG in
interval 7€ [,

REGMax30R;, designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r€ ORREG in
interval 7€ £,

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

TOT10R;designates the total ten-minute operating reserve
requirement: and

TOT30R;designates the thirty-minute operating reserve requirement.

Resource Minimums and Maximums

4.34.1

Where applicable the minimum or maximum output of a dispatchable

generation resource and minimum or maximum consumption of

a dispatchable load may be limited due to reliability constraints,
applicable contracted ancillary services, day-ahead operational
commitments, pre-dispatch operational commitments, outages,
derates, operating reserve activation, and other constraints, such that:

4.3.4.1.1 MaxDF;, designates the maximum output limit in interval 7 for the

duct firing region of a pseudo-unit at bus b € BPSY;

4.3.4.1.2 MaxDG;, designates the most restrictive maximum output limit for

the dispatchable generation resource in interval i at bus b € BC;

4.3.4.1.3 MaxDL;, designates the most restrictive maximum consumption

limit for the dispatchable load in interval i at bus b € B”L;

4.3.4.1.4 MaxDR;; designates the maximum output limit in interval i for the

dispatchable region of a pseudo-unit at bus b € BU;

4.3.4.1.5 MinDG;; designates the most restrictive minimum output limit for

the dispatchable generation resource in interval i at bus b € BPC;
and
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4.3.4.1.6 MinDL;, designates the most restrictive minimum consumption
limit for the dispatchable load in interval i at bus b € BPL,

4.3.5 Control Action Adjustments for Pricing

4.3.5.1 CAAdj; designates the demand adjustment required to calculate
locational marginal prices appropriately when voltage reduction or
load shedding has been implemented.

4.3.6 Constraint Violation Penalties for interval i € I:

4.3.6.1 (PLdViolSch;,,QLdViolSch,,,) for we {1,., Ny 4y, } designate the

price-quantity segments of the penalty curve for under generation used
by the Real-Time Scheduling algorithm in section 8

4.3.6.2 (PLdViolPrc;,,QLdViolPrc;,) for w€ {1,.,N;4y;,,} designate the

price-quantity segments of the penalty curve for under generation used
by the Real-Time Pricing algorithm in section 9;

4.3.6.3 (PGenViolSch,,,QGenViolSch; ) for w € {1,.., Ngenyio; ) designate the
price-quantity segments of the penalty curve for over generation used
by the Real-Time Scheduling algorithm in section &:

4.3.64 (PGenViolPrc;,,QGenViolPrc,;,,) for w€ {1,.., Ngenyio; ) designate the
price-quantity segments of the penalty curve for over generation used
by the Real-Time Pricing algorithm in section 9;

4.3.6.5 (P10SViolSch;,,Q10SViolSch;,,) for w € {1,., N1gsyio;,} designate the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the Real-Time
Scheduling algorithm in section 8;

4.3.6.6 (P10SViolPrc;,,@Q10SViolPrc;,,) for w € {1,.,Nygsyio}_designate the
price-quantity segments of the penalty curve for the synchronized ten-
minute operating reserve requirement used by the Real-Time Pricing
algorithm in section 9;

4.3.6.7 (P1ORViolSch;,, Q10 RViolSch;,,) for w € {1,.., Ny gy} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Real-Time Scheduling
algorithm in section §;
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4.3.6.8

4.3.6.9

4.3.6.10

4.3.6.11

43612

4.3.6.13

4.3.6.14

4.3.6.15

(P10RViolPrc;,, Q10 RViolPrc;,,) for w € {1,.., N1 gyj;,} designate the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Real-Time Pricing
algorithm in section 9;

(P30RViolSch;,, Q30 RViolSch;,,) for w€ {1,., N3y gyio; } designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the Real-Time Scheduling
algorithm in section §;

(P30RViolPrc;,, 30 RViolPrc;,,) for w€ {1,.,, N3 gyj;;} designate the
price-quantity segments of the penalty curve for the total thirty-minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement used by the Real-Time Pricing
algorithm in section 9;

(PREG10RViolSch;,, QREG10RViolSch; ) for w € {1,.., Nggeiorvior}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by the
Real-Time Scheduling algorithm in section 8;

(PREG10RViolPrc;,, QREG10 RViolPrc;,,) for w € {1,.,Nggiorvior}
designate the price-quantity segments of the penalty curve for area
total ten-minute operating reserve minimum requirements used by the
Real-Time Pricing algorithm in section 9;

(PREGBORI/IOJSC]]LW, QREGBOR WO]SC]]ILW)EWE {11"INREG30RVI'01,-}
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Real-Time Scheduling algorithm in section &;

(PREG30RViolPrc;,, QREG30 RViolPrc;,,) for w € {1,., Nggezorvior}
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
Real-Time Pricing algorithm in section 9;

(PXREG10RViolSch;,,, QXREG10RViolSch; ) for

w € {1,.., Nyrgeio rviol}_designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve maximum
restrictions used by the Real-Time Scheduling algorithm in section 8;
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4.3.6.16  (PXREG10RViolPrc;,,QXREG10RViolPrc;,,) for
w € {1,.., Nyrgeio rviol}_designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve maximum
restrictions used by the Real-Time Pricing algorithm in section 9;

4.3.6.17 _(PXREG30RViolSch;,,, QXREG30RViolSch;,) for
w € {1,.., Nyrgeso rviol}_designate the price-quantity segments of the

penalty curve for area total thirty-minute operating reserve maximum
restrictions used by the Real-Time Scheduling algorithm in section &:

4.3.6.18 (PXREG30RViolPrc;,,QXREG30RViolPrc;,,) for
w € {1,.., Nxrgeso rvior}_designate the price-quantity segments of the

penalty curve for area total thirty-minute operating reserve maximum
restrictions used by the Real-Time Pricing algorithm in section 9:

43.6.19  (PPrelTLViolSchy;,, QPrelTLViolSchy;,,) for w€ {1,.. Nprerryvion,,}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the Real-Time Scheduling algorithm in section 8;

4.3.6.20  (PPrelTLViolPrcg;,, QPrelTLViolPrcy;,,) for we {1,., Nprerryvior,;}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f€ Fused by the Real-Time Pricing algorithm in section 9;

43.6.21 (PITLViolSch,y;,, QITLViolSch,y; ) for w€ {1,.,N;p, Viol,, ﬂ}
designate the price-quantity segments of the penalty curve for
exceeding the contingency ¢ € Cpost-contingency limit of the
transmission constraint for facility f€ Fused by the Real-Time
Scheduling algorithm in section 8;

4.3.6.22  (PITLViolPrc.gjy, QITLViolPrc, ;) for we {1,..Nirpyior, .}
designate the price-quantity segments of the penalty curve for
exceeding the contingency ¢ € € post-contingency limit of the
transmission constraint for facility f€ Fused by the Real-Time Pricing
algorithm in section 9; and

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

4.3.7 Price Bounds

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-379



4.3.8

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

4.3.7.2 EngyPrcFirdesignates and is equal to the settlement floor price for
energy;

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

4.3.7.4 ORPrcFlrdesignates the minimum price for all classes of operating
reserve and is equal to $0/MW.

Weighting Factors for Zonal Prices

4.4

4.38.1  WF/™®T designates the weighting factor for bus b€ L/*" used to
calculate the price for virtual transaction zone m € M for interval /€ /
and shall be equal to the weighting factor used in the day-ahead

market for the applicable hour:

4.3.8.2 WF,}-’%L designates the weighting factor for bus b € Lg‘,/DL used to
calculate the price for non-dispatchable load zone y € Y for
interval 7 € /and shall be obtained by renormalizing the load
distribution factors so that the sum of weighting factors for a non-

dispatchable load zone and for a given interval is one.

Other Data Parameters

4.4.1

Non-Dispatchable Demand Forecast

4.4.2

4.4.1.1 FL; designates the five-minute province-wide non-dispatchable
demand forecast for interval 7 € /calculated by the security assessment
function.

Internal Transmission Constraints

4.4.2.1  PreConSF, g, designates the pre-contingency sensitivity factor for bus
b € B U Dindicating the fraction of energy injected at bus b which
flows on facility fduring interval 7under pre-contingency conditions;

4.4.2.12  AdjNormMaxFlow, designates the limit corresponding to the
maximum flow allowed on facility fin interval i under pre-
contingency conditions:
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4423  SF; . designates the post-contingency sensitivity factor for bus
b € B U Dindicating the fraction of energy injected at bus b/ which
flows on facility fduring interval 7 under post-contingency conditions
for contingency c; and

4424  AdjEmMaxFlow;.rdesignates the limit corresponding to the
maximum flow allowed on facility fin interval 7under post-
contingency conditions for contingency c.

4.4.3 Transmission Losses

4.43.1 LossAdj; designates any adjustment needed for interval 7 € /to correct
for any discrepancy between Ontario total system losses calculated
using a base case power flow from the security assessment function
and linearized losses that would be calculated using the marginal loss
factors; and

4.43.2 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 interval /€ L

5 Initialization

5.1 Purpose

5.1.1 The initialization processes set out in this section shall occur prior to the
execution of the real-time calculation engine described in section 2.2.1 above.

5.2 Reference Bus

5.2.1 The /ESO shall use Richview Transformer Station as the real-time 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 real-time calculation engine shall:
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5.4

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.

Variable Generation Tie-Breaking

54.1

For each interval i € I each variable generation resource bus b € B'C and each

5.5

offer lamination k € K7, the offer price PDG;,; shall be updated to PDG;y, ;-

TBM; . . -
(—I’b) p. where pis a small nominal value of order 1074,
NumVG;

Pseudo-Unit Constraints

5.5.1

Constraints for pseudo-units corresponding to the minimum and maximum

5.6

constraints on physical resources shall be determined in accordance with section
10.

Initial Scheduling Assumptions

5.6.1

Initial Schedules

5.6.1.1 Initial energy schedules shall be based on the values deteremined by
the IESO’s energy management system and the schedules from the
previous real-time calculation engine run, where:

5.6.1.1.1 RTDLTel, , designates the energy management system MW value
for the dispatchable load at bus b € BPL;

5.6.1.1.2  SDLSchy's" designates the schedule determined for the

dispatchable load at bus b € B! by the Real-Time Scheduling
algorithm in section 8, of the previous real-time calculation engine
run;

5.6.1.1.3 RTDGTel, ;, designates the energy management system MW value
for the dispatchable generation resource at bus b € B”?;

5.6.1.1.4 SDGSch’¢" designates the schedule determined for the
dispatchable generation resource at bus b € B¢ by the Real-Time
Scheduling algorithm in section 8, of the previous real-time
calculation engine run;
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5.6.1.1.5

5.6.1.1.6

SDLPrc{" designates the schedule determined for the

dispatchable load at bus b € BPL by the Real-Time Pricing
aleorithm in section 9. of the previous real-time calculation engine
run; and

SDGPrc{¢” designates the schedule determined for the
dispatchable generation resource at bus b € B¢ by the Real-Time
Pricing algorithm in section 9, of the previous real-time
calculation engine run.

5.6.1.2 For the dispatchable load at bus b, the intitial schedule, SDL/nitSch p,

for the Real-Time Scheduling algorithm in section 8. shall be

determined as follows:

5.6.1.2.1

Step 1: Calculate Te/Up, j, using the submitted up ramp rates and

5.6.1.2.2

break points to determine the maximum consumption level the
dispatchable load can achieve in five minutes from RTDLTel ;.

Step 2: Calculate 7e/Downy ;, using the submitted down ramp rates

5.6.1.2.3

and break points to determine the minimum consumption level the
dispatchable load can achieve in five minutes from R7DLTel, ;
and

Step 3: If the schedule from the previous real-time calculation

engine run is achievable by ramping from the R7DLTel, ;, then set
the initial schedule to the schedule from the previous real-time
calculation engine run. Otherwise, set the initial schedule to the
nearest boundary:

If TelDowny , < SDLSchy's” < TelUp . then set
SDLInitSchy , = SDLSchy's"

If SDLSch{'s" < TelDown, ;, then set
SDLInitSchy , = TelDowny p,

Otherwise, set SDLInitSchy , = TelUp, p.

5.6.1.3 For the dispatchable generation resource at bus b, the intitial

schedule, SDGInitSch p, for the Real-Time Scheduling algorithm in
section 8, shall be determined as follows:
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5.6.1.3.1

5.6.1.3.2

Step 1: Calculate 7e/Up, , using the submitted up ramp rates and
break points to determine the maximum production level the
resource can achieve in five minutes from R7DGTel; p;

Step 2: Calculate TelDown, j, using the submitted down ramp

5.6.1.3.3

rates and break points to determine the minimum production level
the resource can achieve in five minutes from RTDGTel_, ;,; and

Step 3: If the schedule from the previous real-time calculation

engine run is achievable by ramping from the RTDGTel_, ;,, then
set the initial schedule to the schedule from the previous real-time
calculation engine run. Otherwise, set the initial schedule to the
nearest boundary:

If TelDowny , < SDGSchys" < TelUpy 5, then set
SDGInitSchy , = SDGSchy't”

If SDGSch{'s" < TelDown, ;, then set
SDGInitSchy , = TelDown ,,

Otherwise, set SDGInitSchy ,= TelUp p.

5.6.1.4  For the dispatchable load at bus b, the intitial schedule, SDL/nitPrc p,

for the Real-Time Pricing algorithm in section 9, shall be determined

as follows:

If SDLSchy's". < SDLPrcjs” < SDLInitSchy ;, or
SDLInitSchy , < SDLPrcls” < SDLSchy's". then set
SDLInitPrc, ,= SDLInitSchy p;

Otherwise set SDLInitPre, , = SDLPrc".

5.6.1.5 For the dispatchable generation at bus b, the intitial schedule

SDGInitPrc, p, for the Real-Time Pricing algorithm in section 9,
designates the initial schedule for the dispatchable generation

resource at bus b and is determined as follows:

If SDGSchl's". < SDGPrcf's” < SDGInitSchy, or

SDGInitSchy , < SDGPrcf'¥” < SDGSch{'s" then set
SDGInitPr¢y , = SDGInitSch .

Appendix 7.6A-384

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



5.6.2

Otherwise set SDGInitPr¢, , = SDGPrq)‘? .

Start-up and Shutdown for Non-Quick Start Resources

5.6.2.2

5.6.2.1 The start-up and shutdown for non-quick start resources at bus b €

BV and interval 7 € /shall be based on the following parameters that
are determined based on observed resource operation as well as

confirmed start-up and shutdown times:

5.6.2.1.3

5.6.2.14

5.6.2.1.5

AtZero;, € {0,1}, which designates that the resource is scheduled
to be offline;

SU;, € {0,1}, which designates that the resource must be scheduled
on its start-up trajectory. This input may indicate an upcoming
confirmed start-up or that the resource has started ramping up

already;

AtMLPF, € {0,1}, which designates that the resource is scheduled to
operate at or above its minimum loading point due to a minimum

generation constraint or the resource shutdown has vet to be
confirmed by the /ESO;

EvalSD;;, € {0,1}, which designates that the resource has been de-
committed by the pre-dispatch calculation engine, such de-
commitment has been confirmed by the /ESO, and the resource
can be evaluated for energy schedules below its minimum loading
point but can still be scheduled at or above its minimum loading

point; and

SD;;, € {0,1}, which designates that the resource must be
scheduled on its shutdown trajectory. This input may indicate an
upcoming mandatory shutdown or that the resource has already
started ramping down.

For all parameters in section 5.6.2.1:

AtZero,;b + Sljl’b +AtMLPLb + EVH]SDI;b + SDLb =1.
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Security Assessment Function in the

6.1

Real-Time Calculation Engine

Interaction between the Security Assessment Function

6.1.1

and Optimization Functions

The scheduling and pricing algorithms of the real-time calculation engine pass

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

6.2

combined cycle facilities that are registered as pseudo-units.

Inputs into the Security Assessment Function

6.2.1

The security assessment function shall use the following inputs:

6.2.2

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.

Security Assessment Function Processing

6.3.1

The security assessment function shall determine the province-wide non-

dispatchable demand forecast quantity, FL;, using demand forecasts for demand
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6.3.2

forecast areas, the /ESO s energy management system MW quantities and the
scheduled quantities from the previous real-time calculation engine run as
follows:

6.3.1.1 sum the /ESO five-minute demand forecasts for demand forecast
areas;

6.3.1.2 subtract the expected consumption of all physical hourly demand
response resources;

6.3.1.3 subtract the expected consumption of all virtual hourly demand
response resources:; and

6.3.1.4 subtract the expected consumption of all dispatchable loads.

The security assessment function shall perform the following calculations and

analyses:

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

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

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

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

6.3.2.5 If the linear DC power flow analysis is used, the pre-contingency
security assessment may develop linear constraints to facilitate the
convergence of the AC or non-linear DC power flow analysis in the
subsequent iterations.
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6.3.2.6

A linear power flow analysis shall be used to simulate contingencies,

6.3.2.7

calculate post-contingency flows and check all monitored equipment
for limited-time thermal limit violations.

Violated post-contingency limits shall be linearized using post-

6.3.2.8

contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.

The base case solution shall be used to calculate Ontario fransmission

6.3.2.9

system losses, marginal loss factors and loss adjustment for each
interval. 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 real-time calculation engine shall use a set of fixed marginal loss

6.3.2.10

factors for each dispatch hour. The same set of fixed marginal loss
factors shall apply to all five-minute intervals that fall in the dispatch
hour. The set of fixed marginal loss factors for each dispatch hour
shall be determined based on the marginal loss factors calculated in the
previous hour by the Real-Time Scheduling algorithm in section 8 of
the real-time calculation engine.

The marginal loss factors for the advisory intervals that fall in the hour

6.3.2.11

following the dispatch hour shall be determined based on the fixed
marginal loss factors for the dispatch hour described in section 6.3.2.9
and the marginal loss factors calculated by the Real-Time Scheduling
algorithm in section 8 of the previous real-time calculation engine run.

The Real-Time Scheduling and Real-Time Pricing algorithms in

sections 8 and 9, respectively, shall use the same set of marginal loss
factors.

6.3 Outputs from the Security Assessment Function

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

include the following:

6.4.1.1

a set of linearized constraints for all violated pre-contingency and post-

contingency limits for each interval. The sensitivities and limits
associated with the constraints shall be those provided by the most
recent security assessment function iteration;
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6.4.1.2 pre-contingency and post-contingency sensitivity factors for each
interval;

6.4.1.3 the marginal loss factors as described in sections 6.3.2.8 — 6.3.2.11:
and

64.14 loss adjustment quantity for each interval.
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Pass 1: Real-Time Scheduling and

7.1.1

Pricing

Pass 1 shall use market participant and /ESO inputs and resource and system

constraints to determine a set of resource schedules and locational marginal
prices. Pass 1 shall consist of the following algorithms:

e the Real-Time Scheduling algorithm described in section &:

e the Real-Time Pricing algorithm described in section 9;

Real-Time Scheduling

8.1

Purpose

8.1.1

The Real-Time Scheduling algorithm shall perform a security-constrained

8.2

economic dispatch to maximize gains from trade using dispatch data submitted
by registered market participants or where applicable, the reference level values
for financial dispatch data parameters mitigated in previous pre-dispatch
calculation engine runs in accordance with Appendix 7.2A, section 14.7, to meet
the JESO’’s province-wide non-dispatchable demand forecast and /ESO-specified
operating reserve requirements for each interval of the real-time look-ahead

period.

Information, Sets, Indices and Parameters

8.2.1

Information, sets, indices and parameters used by Real-Time Scheduling

8.3

aleorithm are described in sections 3 and 4.

Variables and Objective Function

8.3.1

The Real-Time Scheduling algorithm shall solve for the following variables:

83.1.1  SDL;,; which designates the amount of energy that a dispatchable
load scheduled at bus b € B* in interval 7 € [in association with
lamination j € /,;Eb;
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83.1.2  S10SDL;;;, which designates the amount of synchronized ten-minute

operating reserve that a dispatchable load is scheduled to provide at

bus b € BPL in interval /€ [in association with lamination j € %25 :

8.3.1.3  S10NDL;y,, which designates the amount of non-synchronized zen-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b€ BPL in interval 7 € /in association with lamination
R
1’ 2

8.3.1.4  S30RDL;;,;, which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b € B”*
in interval 7€ /in association with lamination j € /32’2

8.3.1.5  SNDG, ., which designates the amount of energy that a non-
dispatchable generation resource scheduled at bus b € BVP¢ in
interval 7 € /in association with lamination k€ KIE .

8.3.1.6  SDG; . which designates the amount of energy that a dispatchable
generation resource is scheduled at bus » € B”C in interval /€ [in
association with lamination k€ Kf .

8.3.1.7  $510S5DGyy 4, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled
to provide at bus A€ B”C in interval 7 € [in association with

ot 0S.
lamination K€ K ,”;

8.3.1.8  S10NDG;y 4, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus » € B”% in interval 7 € /in association with

ot ON.
lamination k€ K",

8.3.1.9  S30RDG ., which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € B¢ in interval 7 € /in association with lamination
ke ,;2’2

8.3.1.10  SCT;,, which designates the schedule of the combustion turbine

associated with the pseudo-unit at bus b € B™V in interval i € [,

8.3.1.11 S8ST;,, which designates the schedule of steam turbine p € PST'in
interval 7€ [,
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8.3.1.12 TR, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in interval 7 € /, as described in section

8.3.2.1: and

8.3.1.13  ViolCost, which designates the cost incurred in order to avoid having
the schedules violate constraints for interval 7 € /, as described in
section 8.3.2.3.

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

Z (0bjDL; — ObjNDG; — ObjDG; — TB; — ViolCost;)

i=1‘.n;
where:
ObjDL;
Z SDL;p; - PDL;p; — Z S§10SDL;y, j - P1OSDL;y, ; —
_ j €1 jenip®
pEBDL S10NDL;,, j - PAONDL; ), ; — Z S30RDL;y, j - P3ORDL; ),
jEsieN j eIk
ObjNDG; = Z Z SNDG;,x * PNDG;px |;
beBNDE \ kekE,
and
Z SDG; . PDG; e + Z S10SDG; . - P10SDG; p, ) +
kEK}, keK}S
0bjDG; = * e
bCBDE S10NDG; ;. - PIONDG; j, ;. + Z S30RDG;,, ) - P30RDG;
keK} N keEKFPR

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

where:
Z (SDL; )" - TBPen N Z (S10SDL; ;)" - TBPen N
QDL;, ; Q10SDL; , ;
J €I > jesips )
TBDL; = ' , ‘ ,
LSt ((SIONDLLM) -TBPen) | ((S3ORDL,;‘I,‘ ;)" -TBP¢
’,'EJ(]-EN QIONDL;:,{;J' }EJ3§R Q30RDL£JIJJ'
2
SNDG; )" - TBPen
TBNDG; = ( i) ;
QNDG;p
beBNDE \kekE,
and
Z (SDGi k)" - TBPen N Z (S10SDG; )" - TBPen N
4 QDGip -+ Q105DGip,1

Lyt ((5101\!0(;5,;,,;{)2 : TBPen) N ((530}1*;9(;1-_;,,,{)2 -TBP¢
ot QLONDG,,» e Q30RDG,y .

8.3.2.1 ViolCost; shall be calculated for interval i € /using the following
variables:

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

8.3.2.2.2 SGenViol,,, which designates the violation variable affiliated
with segment w € {1,.., Nge,pio ) of the penalty curve for the
energy balance constraint allowing over-generation;

8.3.2.2.3 S$10SViol;,, which designates the violation variable affiliated
with segment w € {1,.., Ny syi0;}_0f the penalty curve for the
synchronized fen-minute operating reserve requirement;

8.3.2.2.4 S10RViol;,, which designates the violation variable affiliated
with segment w € {1,.., Ny g0} 0f the penalty curve for the
total ten-minute operating reserve requirement;
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83.2.2.5

8.3.2.2.6

8.3.2.2.7

8.3.2.2.8

8.3.2.29

8.3.2.2.11

S30RViol; ., which designates the violation variable affiliated
with segment w € {1,.., N3g g0} 0f the penalty curve for the
thirty-minute operating reserve requirement and, when
applicable, the flexibility operating reserve requirement;

SREG10RViol,.; ., which designates the violation variable
affiliated with segment w € {1,.., Ngge10gvios}_0f the penalty
curve for violating the area total ten-minute operating reserve
minimum requirement in region € ORREG,

SREG30RViol,; . which designates the violation variable
affiliated with segment w € {1,.., Ngge30 grios }_0f the penalty
curve for violating the area thirty-minute operating reserve
minimum requirement in region r € ORREG,

SXREG10RViol,.; ., which designates the violation variable
affiliated with segment w € {1,.., Nygge10rvio}_of the penalty

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

SXREG30RViol,; . which designates the violation variable
affiliated with segment w € {1,.., Nyzge30 zvios}_0f the penalty
curve for violating the area thirty-minute operating reserve
maximum restriction in region r € ORREG,

SPrelTLVioly; ., which designates the violation variable
affiliated with segment w€ {1,., Nprerryvios,;} of the penalty
curve for violating the pre-contingency transmission limit for
facility f€ F, and

SITLViol,¢; . which designates the violation variable affiliated
with segment w € {1,.., Nj7; o, ..} of the penalty curve for
violating the post-contingency transmission limit for facility
f€ Fand contingency c€ C.

ViolCost; shall be calculated as follows:
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ViolCost, = z SLdViol,,, - PLdViolSch,,,

w=1.Npavioy;

- Z SGenViol,,, - PGenViolSch,,,
w=1.Ngenviol;

n z §108Viol,,, - P10SViolSch,,,
w=1.N1osviol;

n z S10RViol,,, - P10RViolSch,,,
w=1.N1oRViol;

n z S30RViol,,, - P30RViolSch,,,

w=1.N3oRViol;

n z z SREG10RViol, ,, - PREG10RViolSch, ,

rEORREG \w=1.NREG1ioRViol;

+ SREG30RViol,;,, - PREG30RViolSch,,,

rEORREG \w=1.NREG3oRViol;

rEORREG \w=1.NXREG10RViol;

+ SXREG30RViol,;,, - PYXREG30RViolSch, |

w=1.NXREG30RViol;

n z ( z SXREG10RViol, ,,, - PXREG10RViolSch, |
?‘EORREG(

+ z z SPrelTLViols; , - PPrelTLViolSchy,,,

fEF; \w= 1--NP}“EITLVI'OIL!'

+Z Z z SITLViol, ;,, - PITLViolSchg 1, ).

¢EC fEFic \W=1.NrTLViol f,

8.4 Constraints

8.4.1 The Real-Time Scheduling algorithm optimization function shall apply the
constraints described in sections 8.5 — 8.7.

8.5 Dispatch Data Constraints Applying to Individual
Intervals

8.5.1 Scheduling Variable Bounds
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8.5.2

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

Therefore:
0 <SDL;;;< ODL,, forall b€ B™, j€ Jfy,
0 < S108DL;,; < QLO0SDL,,,, for all b€ BPL, j€ 195
0 < SLONDL;,; < QLONDL;,,; forall be B, je )Y
0 < S30RDL;,; < @BBORDL,,, for all b€ BPL, j€ £/
0 < SNDG;,;. < QNDG, forall be BY?C, ke K,
0 < SDG,,x < QDG forall be BPY, ke K3,
0 < S108DG,,,; < QLOSDG, , for all b€ B%, ke K1)°;
0 < SLONDG,,,; < QLONDG, forall be BP¢, ke Ki9"; and
0 < SBORDG,,, < GBORDG,, for all b€ B¢, ke K3OF

for all intervals /€ £

8.5.1.2 A non-quick start resource cannot provide energy when it is scheduled
to be offline. Therefore, for all intervals i € I, non-quick start resource
buses b € BN%S_and offer laminations k € K},:

0 < SDGyy < (1-AtZero;s) QDG

8.5.1.3 A non-quick start resource cannot provide operating reserve unless it
1s scheduled at or above its minimum loading point. Therefore, for all
intervals 7 € /and non-quick start resource buses b € BV¢5:

0 < S10SDG,,, < (AtMLP;, + EvalSD,},) - Q10SDG, for all k € K35
0 < S10NDG,,, < (AtMLP,, + EvalSD,,) - Q10NDG,,, ~forall k € K}?V; and
0 < S30RDG,,, < (AtMLP,;, + EvalSD,,,) - Q30RDG, for all k € K3ZR.

Resource Initial Conditions

8.5.2.1 The initial schedule for a dispatchable load at bus b € BP" shall be
fixed to the resource initial schedules. For all dispatchable load buses
be BPL.
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8.5.3

SDLy,; = SDLInitSchy,,

JEJop

8.5.2.2 The initial schedule for a dispatchable generation resource at bus b €
BPC shall be fixed to the resource initial schedules. For all
dispatchable generation resource buses b € B¢;

SDGy . = SDGInitSch,,
kEKy

Resource Minimums and Maximums for Energy

8.5.3.1 A constraint shall limit schedules for dispatchable loads within their
minimum and maximum consumption for an interval. For all intervals
/€ [and all buses b€ B”L:

MinDL;, < » SDL;,; < MaxDL,,.

JE€Iin

8.5.3.2 The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all intervals 7€ /and all buses b € B”%:

SDL,,,; = QDLFIRM,,.

JElip

8.5.3.3 The non-dispatchable generation resources shall be scheduled to the
fixed quantity determined by their observed output. For all intervals
i € Iand all buses b € BVPG:

SNDGin’k = FNDG[’b.
kEK{p

8.5.3.4 A constraint shall limit schedules for dispatchable generation

resources within their minimum and maximum output for an interval.
For a dispatchable variable generation resource, the maximum
schedule shall be limited by its forecast. That is:

8.5.3.4.1 For all intervals /€ /and all buses b € B”C,
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min(MaxDG, ;, FG;,) if b € BY®

AdjMaxDGy, = {MMDGE,EJ otherwise

and

AdjMinDG,;, = HH-H(MIIHDGL pAdiMaxDG; b)-

8.5.3.4.2 For all intervals 7€ /and all buses b € B”C:

AdeI‘TIDGLb = SDGI’ka = AdeaxDGin.
kEKi,b

8.5.3.5 A constraint shall limit the schedule for a non-quick start resource at
or above its minimum loading point when such resource is committed
or when the resource shutdown is yet to be confirmed by the /ESO.
For all non-quick start resource buses b€ BV and intervals /€ [

SDGi.b;k = AtMLPLb " ManDGb.
kEKi.b

8.54 Operating Reserve Requirements

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

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

8.5.4.1.2 the total scheduled consumption less the non-dispatchable portion;
and

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

8.5.4.2 These restrictions shall be enforced by the following constraints for
all intervals i € /and all buses b € B”L;
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S10SDL,, ; + Z S10NDL,, ; + Z S30RDL,;,; < 30 ORRDLy;

j€liy® jerip" JERs"

S10SDL,,, + z S10NDL,, , + z S30RDL,,, < Z SDL,,; — QDLFIRM, ;
jerip® jerisy JeIEsR i€l
and

S10SDL,, , + z S10NDL,, ; + z S30RDLy,, < Y SDLyy; — MinDL,.
jerp® jeiisy JEIEER J€TLy

8.54.3 The amount of both synchronized and non-synchronized fen-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its consumption over 10 minutes, as limited by its operating
reserve ramp rate. This restriction shall be enforced by the following
constraint for all intervals 7 € /and all buses b € BPL:

S10SDL;, ;+ Zﬂ S10NDL;,; < 10-ORRDL,.
N

. 105 .
J€I ih J€J ib

8.5.44 The total operating reserve scheduled from a dispatchable generation
resource shall not exceed the resource’s ramp capability over 30
minutes, its remaining capacity, and its unscheduled capacity. These
restrictions shall be enforced by the following constraints for all
intervals 7€ /and all buses b € B¢:
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S10SDG; 5 + Z S10NDG; 5 + Z S30RDG; ;. < 30 - ORRDG,;

KEKDS keK}N keKFPR
S10SDG; p  + Z S10NDG; 1 + Z S30RDG; 1
keKES kex N kekiPR

= Z (@DG;ipy — SDG;p 1) ;

keKE,
and
S§10SDG; p . + Z S10NDG; ;. + Z S30RDG; p 1
keKS kex N kekiPR

< AdjMaxDG;, — Z SDGyp ]

E
keKip

8.5.4.5 The amount of both synchronized and non-synchronized ten-minute

operating reserve that a dispatchable generation resource is scheduled
to provide shall not exceed the amount by which the resource can
increase its output over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all intervals 7 € /and all buses b € B”C:

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

108 10N
KEK}D KEK}]

8.5.4.6 The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource is scheduled to provide shall be
limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following
constraint for all intervals 7 € /and all buses b € B¢ with
RLP10S;,> 0:
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S10SDG; 1 1

1
< SDGpy || 5
Z nbk (RLPIOSL-‘E,)

E
KEK;),

108
KEKED

min4 10 - ORRDG,, Z Q10SDG; p

105
REK;

8.54.7 The amount of thirty-minute operating reserve that a dispatchable
generation resource is scheduled to provide shall be limited by its
reserve loading point for thirty-minute operating reserve. This
restriction shall be enforced by the following constraint for all
intervals 7€ /and all buses b € B”“ with RLP30OR;;, >0:

S30RDG; 1
kekPR
< Z SDG 1
= ibk |\ RLP30R;,
kerb '

miny 30 - ORRDG,, Z Q30RDG; p

30R

8.5.5 Pseudo-Units

8.5.5.1 A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam turbine

STShareMLP,, - Z SDGipy | +

MLP

SSTMod;, =

ST
bEBp

STShareDR,, - Z SDG;pp | + Z SDG;p

DR DF
KEKD) keKp)

shares in the operating regions of the pseudo-unit determined in
section 10. For all intervals 7 € /and pseudo-unit buses b € B™V:
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SCTMod;,, = (1 — STShareMLP,) - Z SDG; p 1

MLP
kEK;p

+ (1 — STShareDR,,) - Z SDGipk |

DR
kEKLb

8.5.5.1.1 and for all intervals 7€ /and steam turbines p € PST:

8.5.5.2 Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules. For
all intervals 7 € /and pseudo-unit buses b € B™UV:

SDG; ;. < MaxDR;

DR
REKLb

Z SDG; = MaxDF; ),

kekpf
and
zb SDG; p + zb SDG; ;. + Z §10SDG;;;+ ) S10NDG, ),
keK F kEK, keK, > kek, o
+ S30RDGi,b,k = Ma.x;DRi_b +MaxDFi,b.
kEKi,gR

8.5.5.3 For a pseudo-unit that cannot provide ten-minute operating reserve
from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled to provide ten-minute operating reserve whenever the
pseudo-unit is scheduled for energy in its duct firing region.

8.5.54 For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3, the combustion turbine
schedule for the pseudo-unit at bus b € BV in interval /€ [ SCT;,
shall be equal to:

8.5.5.4.1 SCTMod; if the pseudo-unit is scheduled at or above minimum
loading point;

8.5.5.4.2_ the portion of UpTraj;,, or DnTraj;;, defined in the section 8.6.2
that was allocated to the combustion turbine in accordance with
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section 10.6 if the resource is ramping to or ramping from its
minimum loading point; or

8.5.5.4.3 0 otherwise.

8.5.5.5 For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3. the steam turbine
schedule for p € PST, SST;,, shall be equal to SS7Mod;, where

SST; " will be corrected to account for the contribution from pseudo-

units b € By ramping to or ramping from minimum loading point as
determined by the allocation of UpTrayj;, or DnTraj;; in accordance
with section 10.6.

8.5.6 Dispatchable Hydroelectric Generation Resources

8.5.6.1 A dispatchable hydroelectric generation resource shall be scheduled
within its forbidden region if the resource is being ramped through the
forbidden region at its maximum offered ramp capability.

8.6 Dispatch Data Inter-Interval/Multi-Interval Constraints

8.6.1 Energy Ramping

8.6.1.1 For disptachable loads, the ramping constraint in section 8.6.1.4 uses
URRDL,, to represent a ramp up rate selected from URRDL;;,,, and
uses DRRDL,, to represent a ramp down rate selected from DRRDL;, .,

8.6.1.2  For disptachable generation resources, the ramping constraint in
section 8.6.1.5 uses URRDG,, to represent a ramp up rate selected from
URRDG;}, ,, and uses DRRDG), to represent a ramp down rate selected
from DRRDG;p, .

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

8.6.14 In the case of dispatchable loads, energy schedules cannot vary by
more than an interval’s ramping capability for that resource. This
constraint shall be enforced by the following for all intervals 7€ /and
buses b € BPL:
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Z SDL;_y,; —5- DRRDL, < Z SDL;, ;
J€IE1p J€IG
< Z SDL;i_14; + 5 URRDL,.

jel’f—Lb

8.6.1.5 Energy schedules for a dispatchable generation resource cannot vary
by more than an interval’s ramping capability for that resource. This
constraint shall be enforced by the following for all intervals 7€ /and
buses b € BC¢;

Z SDGi—l,b,k - 5 - DRRDGb = Z SDGI':,D,R

E E
kEKi—'l,b kEKLb

< Z SDG;_y x + 5 URRDG,.

E
kex{-i.b

8.6.1 Non-Quick Start Resource Start-up and Shutdown

8.6.2.1 For all intervals in the real-time look-ahead period in which a non-
quick start resource is scheduled to start-up, such resource shall be
scheduled on a fixed ramp-up trajectory as determined by its offered
ramp rates. The ramp-up trajectory (Up7ray; ;) for interval / € /such
that SU;,=1 1s determined as follows:

8.6.2.1.1 IfJj =1, then UpTraj;, shall be determined from the resource
initial schedule and the offered ramp up capability:;

8.6.2.1.2 If/j>1and SU;, ,= 0, then UpTraj;, shall be determined from
the offered ramp up capability from 0; and

8.6.2.1.3 For all intervals 7€ [such that SU;,=1:

Z SDG;p . = UpTraj; .
kEKE,

8.6.2.2 For all intervals in the real-time look-ahead period in which a non-
quick start resource is scheduled to shutdown, such resource shall be
scheduled on a fixed ramp-down trajectory as determined by its
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offered ramp rates. The ramp-down trajectory (Dn7raj;;) for interval
1€ [such that SD;, = 1 is determined as follows:

8.6.2.2.1 IfJ =1, then DnTraj;;, shall be determined from the resource
initial schedule and the offered ramp down capability:

8.6.2.2.2 IfJ7>1and SD;; =0, then DnTraj;;, shall be MinQDG); and

8.6.2.23 IfJj>1and SD;;,=1,then DnTraj;;, shall be determined from
the offered ramp down capability from DnTraj;; p.

8.6.2.2.4 For all intervals /€ /such that SD;, = 1:

Z SDGi,b,k — DnTraji'b.
keKE,

8.6.3 Operating Reserve Ramping

8.6.3.1 Constraints shall be applied to recognize that interval to interval
changes to a dispatchable load’s schedule for energy may modify the
amount of operating reserve that the resource can provide. For all
intervals 7 € /and all buses b € BE:

S10SDL;y ; + Z S10NDL;,, ; + Z S30RDL;, ;

108 10N 30R

J€lip J€lip J€lip
<- Z SDL;i_1,; + Z SDL;y; + 30 - ORRDL,
JEIE4p JEIfy
and
S10SDL;,, ; + Z S10NDL;,;
jerip® ey
<— Z SDL;_15; + Z SDL;,; + 10 - ORRDL,.
JEIE1n J€Ify

8.6.3.2 Constraints shall be applied to recognize that interval to interval
changes in a dispatchable generation resource’s schedule for energy
may modify the amount of operating reserve that the resource can
provide. For all intervals 7/ € /and all buses b € B”¢:
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S10SDG; . + Z S10NDG; . + Z S30RDG;

108 10N 30R
kKEK; KEKjy K€K}y

= Z SDGi—lJka - Z SDGi,b,k + 30 * ORRDGb

E E
KEK{ KEK[},

and

S10SDG; , ;. + Z S10NDG;

108 10N
KEK}D KEK}D

= Z SDGI’:—].,D,R - Z SDGi,b,k + 10 * ORRDGb.
kekE |, 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 /€ Bin
interval 7 € /, With;, shall be:

Z SDL;, if b € BPL

Wlth b — jEIfb
i,
FHDR;, if b € BHPR
FNBL;, if b € BNeBid

8.7.1.2 The total amount of export energy scheduled at intertie zone bus
d€ DXin interval / € [, With, 4 as the fixed exports from Ontario to
the intertie zone export bus shall be:

M/jthj,d - FXLSCde

8.7.1.3 The total amount of injections scheduled at internal bus / € B, in
interval 7 € /, Inj; , shall be:
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( Z SNDG; , x if b € BNPS
keKE,
jp = S Z SDG; x if b € BP¢
kekE,
\FNOG;, if b € BNoosfer

8.7.1.4 The total amount of import energy scheduled at intertie zone bus d € DI in
interval i € /, /nj;, as the imports into Ontario from that intertie zone bus shall
be:

8.7.1.5 Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor to reflect the losses or reduction in losses that
result when injections or withdrawals occur at locations other than the
reference bus. These loss-adjusted injections and withdrawals must
then be equal to each other after taking into account the adjustment for
any discrepancy between total and marginal losses. Load or generation
reduction associated with the demand constraint violation shall be
subtracted from the total load or generation for the real-time
calculation engine to produce a solution.

For interval 7 € /, the energy balance shall be:

FLE + Z (1 + MgELOSSI_b) " W!'thi’b
pecpDPLyBHDR gNoBid

+ Z (1 + MglLOSSLd) . With!"d — Z SLdViGli_w
deDx W=1"NLdVioli

= Z (1 + MglLossi,b) -Inj; p,
bpcgNDG DG gNoOffer

+ Z (1+ MglLoss; z) - Inji g — Z SGenViol;
deDI w=1"NGE?‘lViOIi

+ 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-
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minute operating reserve, and thirty-minute operating reserve while
respecting all applicable regional minimum requirements and regional
maximum restrictions for operating reserve.

8.7.2.2 Constraint violation penalty curves shall be used to impose a penalty

cost for not meeting the JESO 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 interval /€ /.

Z Z S10SDL; | + Z Z S10SDG

beBDL jE]il_gS beBPG kEKEgs

+ Z S10SViol;,, = TOT10S;;

w=1.N1osViol;

Z S10SDL;,; |+ Z Z S10SDG; , &

DL \ ;. 108 DG s
beB J€Ifp beR kekly

+ Z Z S10NDL;p, ;
beBDL \ je 10N

+ Z Z S10NDG; . |+ Z F10NXLSch; 4

beBPC \ keg oM deDX

+ Z F10NIGSch; 4 + Z S$10RViol; ,
deDl w=1.N1oRViol;

= TOT10R;;
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and

Z Z S10SDL;,; |+ Z Z S10SDG;

DL \ . S DG N
beB eIty bep keK}p

+ Z Z S10NDL;  ;
beBPL \ jejioN

+ Z Z S10NDG;,, | + Z F10NXLSch, 4

beRDG kEKsl,bDN deDX

+ Z F10NIGSch; 4 + Z Z S30RDL;
deDI bepDL \ je30R

+ Z Z S30RDG; 1 | + Z F30RXLSch; 4
bepDG kEngR deDX
+ Z F30RIGSch; 4 + Z S30RViol;,,
deDI w=1.N3zoRVial,

> TOT30R;.

8.7.2.3 The following constraints shall be applied for each interval 7€ / and
each region r € ORREG:

z Z S10SDL;y ; |+ Z Z S$10SDG; p
beBREGnBDL \ jestps beBRECnEDG \kek}pS

+ Z (Z SlONDLi,b,j) + Z ( Z Sl(]NDGi‘b‘k)
beBREGnRDL \ jejipN beBREGnEDG \kek PN

+ Z F10NXLSch; 4 + z F10NIGSch,

depREGnpx depREGnpy

+ Z SREG10RViol,;,, > REGMin10R, ;

w=1.NREG10RViol;
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Z Z S10SDL;,; | + Z Z S105DG, p 1

beBREGNBDL \ je 1os beBREGNBDG \ ek 1PS

+ Z Z S10NDL;,; | + Z Z S10NDG;
beBREGnBDL \jesipN beBRECnBDE \ ek}

+ z F10NXLSch; 4 + Z F10NIGSch; 4
deDREGnpx depREGnDT

- Z SXREG10RViol,;,, < REGMax10R,,;

w=1.NXREG10RViol;

S10SDL;p ; |+ Z Z S105DGp e
beBFEGNBDL \ jejios beBFECNRDG \ kegPs
+ Z Z S10NDL;y; | + Z Z S10NDG;p i
beBFEGNBDL \ jefioN beBRECARDG \gek )N
+ Z F10NXLSch; 4 + Z F10NIGSch; 4
daepRECnpx depFECnDI
- Z SXREG10RViol,;y < REGMax10R;,;

w=1.NxRrEG10RViol;

S10SDL,; | + Z z S10SDG;

peBFECNBDL \ jes1os beBFECNBDE \ kek DS

+ Z Z S10NDL;p; | + Z Z S10NDG; p,
peBFECNBDL \ jestpN peBFECNBPE \kek] N

+ Z F10NXLSch; 4 + Z F10NIGSch; 4
deDRECnpx deDRECnpi

+ Z Z S30RDL;y; | + Z Z S30RDG; p i
beRFEGNRDL \ jefFoR beRREGNRDE \ kek iR

+ Z F30RXLSch; 4 + z F30RIGSch; 4
deDpRECnDpx daeDpRECnp;

+ Z SREG30RViol, ;,, = REGMin30R,;,;

w=1.Nrgcsorviol;
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8.7.3

and

S10SDL;,, |+ Z Z S10SDG;

beBREGRDL \ jer1os beBREGNBDG \ kex S

+ Z S10NDL;,; | + Z Z S10NDG; ,

beBREGNBDL \ jejioN beBREGNBDG \ kex OV

+ Z F10NXLSch; 4 + Z F10NIGSch; 4

depEESnpx depBEGnpy

+ Z Z S30RDLy )

beBREGNRDL \ je R

+ Z Z S30RDG; . | + Z F30RXLSch; 4

beBRECNBDG \ kekPDR aepRE%npx
+ E F30RIGSch; 4
aepFFGnpy

- Z SXREG30RViol,.;,,

w=1.NxREG30RViol;

< REGMax30R; .

IESO Internal Transmission Limits

8.7.3.1

A set of energy schedules shall be produced that do not violate any

8.7.3.2

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, SI/TLViol.z; .

8.7.3.3

transmission limit violation variables shall allow the real-time
calculation engine to find a solution.

For all intervals i € /and facilities f € F., the linearized constraints for

violated pre-contingency limits obtained from the security assesment
function shall take the form:
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PreConSF;r ), - Inj;
beBNDGUBDGUBNOOffET

- PreConSF;s )« With;,
DEBDLUBHDRUBNOBEd

+ Z PreConSF; ;4 Inj;q — Z PreConSFrq

d€EDI dEDX
- With; 4 — Z SPrelTLViols; ,
W =1.NprelTLvioly ;
< AdjNormMaxFlow; ¢.

8.7.3.4  For all intervals 7€ /, contingencies ¢ € C, and facilities f € F; ., the
linearized constraints for violated post-contingency limits obtained
from the security assesment function shall take the form:

SFicrp - IMjip

bepNDG DG ygNoOffer
—_ Z SFEJC,f,b - Withi}b + Z SFi,C‘,f,d
beBPLypHDRgNoBid deDI
-Inj,;_d - Z SFi,ij,d - Wl-thi‘d

deDXx
— Z SITLViol ;. < AdjEmMaxFlow; . ;.

W=L.NiTLviol, ¢y

8.7.4 Penalty Price Variable Bounds

8.7.4.1 Penalty price variables shall be restricted to the ranges determined by
the constraint violation penalty curves for the Real-Time Scheduling
algorithm and for all intervals i € I:

0 < SLdViol;,, < QLdViolSch, forall w € {1,...Npayiol, |3
0 < SGenViol;,, < OGenViolSch, | for all w € {1,...Ngenviol, } :

0 < S10SViol,,, < Q10SViolSch.

iw

forallw € {1,.., Nygsvior, }5

0 < S10RViol,,, < Q10RViolSch,, forallw € {1,.., Nyoryior,}:
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8.8

0 < S30RViol;,, < Q30RViolSch;,, forallw € {1,.., N3ogpioy, };
0 <SREG10RViol, ,,, < OREG10RViolSch,

iw

for all » € ORREG, w € {1,..,Nrggiorviol,
0 <SREG30RViol, ;,, < OREG30RViolSch, for all » € ORREG, w € {1,..Nrpaiorviol,
0 < SYREG10RViol,,, < QXREG10RViolSch,,,  for all r € ORREG, w € {1,.., Nyggcrony
0 <SXREG30RViol, ;,, < OXREG30R VfOZSChLW for all » € ORREG, w € {1,...Nxrrc30rvid

0 =SPrelTLViols;,, < QPreITLViolSchfw forall f€ F;, w € {1,...NprerrLviolg;
and

0 <SITLViol,;,, < QITLViolSch forallc € C, f€ F,.,w € {1,..NirLviol

ofiiw

Outputs

8.8.1

Outputs for the Real-Time Scheduling algorithm includes resource schedules.

Real-Time Pricing

9.1 Purpose

9.1.1 The Real-Time Pricing algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade to meet the /ESO’s province-wide non-
dispatchable demand forecast and the /ESO-specified operating reserve
requirements for each interval of the real-time look-ahead period.

9.2 Information, Sets, Indices and Parameters

9.2.1 Information, sets, indices and parameters used by the Real-Time Pricing

aleorithm are described in sections 3 and 4. In addition, the following resource
schedules from the Real-Time Scheduling algorithm in section 8 shall be used in
the Real-Time Pricing algorithm:

9.2.1.1 SbeT %€ {0,1}, which designates whether the dispatchable generation

resource at bus b € BV was scheduled on a shutdown trajectory in
interval 7 € /such that EvalSD;, = 1;

9.2.1.2 SDLInitSchy ,, which designates the initial schedule for the

dispatchable load at bus b € BPL used in the Real-Time Scheduling
aleorithm in section 8; and

-

'OII};
I3

cfif *
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9.2.13 SDGInitSchy p, which designates the initial schedule for the

dispatchable generation resource at bus b € B¢ used in the Real-
Time Scheduling algorithm in section 8.

9.3 Variables and Objective Function

9.3.1 The Real-Time Pricing algorithm shall solve for the same variables as the Real-
Time Scheduling algorithm in section 8.3.1.

9.3.2 The objective function for the Real-Time Pricing algorithm shall maximize gains
from trade by maximizing the expression in section 8.3.2 for the Real-Time
Scheduling algorithm.
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9.3.3 ViolCost, shall be calculated as follows:

ViolCost; = Z SLdViol,, - PLdViolPrc;,
w=1Npavior

— Z SGenViol, - PGenViolPrc;,,
W=L.Nconvial

+ ; §10SViol;,, - P10SViolPrc;,,
W=1.N1o5vi01

+ Z S10RViol;,,- P10RViolPrc;,,
w=1.N10Rvi0l

+ ‘Z S30RV{'OI,;_W ' P3ORVJJOEPTCLW
w=1.N30Ryi01

+ ( SREGIORVI'OI],J[-’W'PREGlURVioIPTCE_W)
EG\w=1.Ngggorvial,
( SREG30RV1'OI,,JI-’W'PREG30RVEOIPTCE'W)
w=1. NREG30RV[OE
( SXREG10RViol, ;- PXREG10RViolPrg
w=1. NXREGIORVLOE
( SXREG30RViol,;,,-PXREG30RViolPrg
w=1. Nmscamwm
+ Z SPTeITLViolf_LW . PPTBITLVioIPrme

EF |\ w= 1"Npmn"wsozﬁ

—I—Z Z NZ SITLVL'OICJ-JM,'PITLVI'OEP?’C:_’,-_EJW .
cECFEF \W=L.Ni71p0

: efi

9.3.3.1 The constraints in section 9.4 shall apply to the Real-Time Pricing
algorithm.

9.4 Constraints

94.1 The Real-Time Pricing algorithm optimization function shall apply the constraints

described in sections 9.5 — 9.8.
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9.5 Dispatch Data Constraints Applying to Individual
Intervals

9.5.1 Scheduling Variable Bounds

9.5.1.1 The constraints in section 8.5.1 shall apply in the Real-Time Pricing
aleorithm, with the following exceptions for a non-quick start resource
bus b € BV and interval 7 € I where:

9.5.1.1.1 AtZero,, shall be replaced by AtZer ,;bTP;

9.5.1.1.2 AtMLF,, shall be replaced by AtMLE}'"; and

9.5.1.1.3 EvalSD,; shall be replaced by EvalSD{”,

9.5.2 Resource Initial Conditions

9.5.2.1 The initial schedule for a dispatchable load at bus b € BP~ shall be
fixed to the resource initial schedules. For all dispatchable load buses
be B”L;

S SDLy,; = SDLInitPrcy),

. E
T€lop

9.5.2.2 The initial schedule for a dispatchable generation resource at bus b €
BPC shall be fixed to the resource initial schedules. For all
dispatchable generation resource buses b € B¢;

> SDGy i =SDGInitPrcy,
kEKg'b

9.5.3 Resource Minimums and Maximums

9.5.3.1 The constraints in section 8.5.3 shall apply in the Real-Time Pricing
aleorithm, with the following exception:

9.5.3.1.1 _AtMLP,, shall be replaced by AtMLEPS™”

where AtMLBﬁTP 1s determined in accordance with section
9.8.1.
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9.54

Operating Reserve Requirements

9.5.4.1 The constraints in section 8.5.4 shall apply in the Real-Time Pricing

algorithm.
9.5.5 Pseudo-Units
9.5.5.1 The constraints in section 8.5.5 shall apply in the Real-Time Pricing
algorithm.
9.5.6 Dispatchable Hydroelectric Generation Resources
9.5.6.1 The constraints in section 8.5.6 shall apply in the Real-Time Pricing
algorithm.
9.6 Dispatch Data Inter-Interval/Multi-Interval Constraints
9.6.1 Energy Ramping
9.6.1.1 The constraints in section 8.6.1 shall apply in the Real-Time Pricing
algorithm.
9.6.2 Non-Quick Start Resource Start-up and Shutdown
9.6.2.1 The constraints in section 8.6.2 shall apply in the Real-Time Pricing
aleorithm, with the exception of the non-quick start resource start-up
and shutdown statuses, which are determined in accordance with
section 9.8.1.
9.6.3 Operating Reserve Ramping
9.6.3.1 The constraints in section 8.6.3 shall apply in the Real-Time Pricing
algorithm.
9.7 Constraints for Reliability Requirements
9.7.1 Energy Balance

9.7.1.1 The constraint in section 8.7.1 shall apply in the Real-Time Pricing
aleorithm, with the following exceptions:

9.7.1.1.1  FXLSch;;shall be replaced by FXLPrc;,in section 8.7.1.2;

9.7.1.1.2  FIGSch; , shall be replaced by FIGPrc; ;in section 8.7.1.4; and
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9.7.1.1.3  The energy balance constraint in section 8.7.1.5 shall be
modified to account for the demand adjustment required to
calculate locational marginal prices when a voltage reduction
or load shedding has been implemented, as follows:

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

pepDLygHDR gpNoBid

+ z (1 + MgllLoss; 4) - With; 4
deDX

- Z SLaViol;,,
w=1.Npdviol;

= Z (1+ MglLoss; ) - Inj;,
pepNDG,gDG ,gNoOffer

+ z (1+ MgllLoss; ) - Inj; 4
deDI

- Z SGenViol;,, + LossAdj;.

W=1--NGenVio£i

9.7.2 Operating Reserve Requirements

9.7.2.1 The constraint in section 8.7.2 shall apply in the Real-Time Pricing
algorithm, with the following exceptions:

9.7.2.1.1  FIONXLSch; , shall be replaced by F10 NXLPrc;, for all d€ DX

9.7.2.1.2  F1I0NIGSch, 4 shall be replaced by F10NIGPrc;, for all d € DI,

9.72.1.3  F30RXLSch; ;shall be replaced by F30RXLPrc;, for all d€ DX,
and

9.7.2.1.4  F30RIGSch; ;shall be replaced by F30R/GPrc; 4 for all d € DI.

9.7.3 TESO Internal Transmission Limits

9.7.3.1 The constraints in section 8.7.3 shall apply in the Real-Time Pricing
algorithm except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of
the Real-Time Pricing algorithm.

9.7.4 Penalty Price Variable Bounds
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9.74.1 The following constraints shall restrict the penalty price variables to
the ranges determined by the constraint violation penalty curves. For
all intervalsi € [

0 <SLdViol;,, < QLdViofPrci‘w for all w € {1,...Npapior, };

0 =SGenViol;,, < QGenViolPrc, forall w € {1,...Ngenpiol, }5

0 <5108Viol;,, < QlOSVio]Prcm for all w € {1,...Nygspior};

0 <S10RViol;,, < QlORViolPrctw for all w € {1,...Nyggpios,}5

0 < §30RViol;,, < Q30RViolPre,, for all w € {1,...N3gpio), }

0 <SREG10RViol,;,, < OREG1O0RViolPrc, for all r € ORREG, w € {1,...Npgg
0 = SREG30RViol,;,, =< QREG30RViolPre, for all » € ORREG, w € {1,...Npgg
0 = SXREG10RViol,;,, < OXREG10RViolPre, for all » € ORREG, w € {1,...Nyzrg(
0 = SXREG30RViol, ;,, < QXREG30RViolPre, for all » € ORREG, w € {1,...Nyzrg
0 <SPrelTLViol;;,, < OPrelTL ViolPrcﬁ“_ forall fe F,,we {1,..,NPF€ITLV1-O%,

0 < SITLViol, s, < OITLViolPrc forallc € C,f€ F;., w € {1,... Ny

efiw

9.8 Constraints to Ensure the Price Setting Eligibility of
Offer/Bid Laminations
9.8.1 Non-Quick Start Resources

9.8.1.1 The Real-Time Pricing algorithm shall modify the following start-up
and shutdown statuses for a non-quick start resource at bus b € BN¢S
and interval /€ [

9.8.1.1.1 AtZembeP € {0,1}, which designates that the resource is not
scheduled and is calculated as follows:

AtZerobe P = AtZero;,.

9.8.1.1.2 SUI{?bTP € {0,1}, which designates that the resource must be

scheduled for energy on its start-up trajectory and is calculated
as follows:

SURTY = SU;,

ORViol,} 3

$0RViol, |5

1 0RViol, |
F30RViol, |
and

b

Vio.l'cj,f} .
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9.8.1.1.3 AtMLEfE,TP € {0,1}, which designates that the resource is

scheduled for energy at or above the minimum loading point
and is calculated as follows:

AtMLPi_b if EvalSDi’b =0

RTP _
AtMLPin - {1 _ SngS ]_f EvalSDi'b = 1

9.8.1.1.4 Evals. ,;bTP € {0,1}, which designates that the resource can be

scheduled for energy below the minimum loading point and is
calculated as follows:

EvalSD" = 0.

9.8.1.1.5 SbeTP € {0,1}, which designates that the resource must be

scheduled for energy on its shutdown trajectory and is
calculated as follows:

SDRTP _ SDi,b if EvaiSDi'b = 0
Lb SDFI® if EvalSD;, =1
9.9 Outputs
9.9.1 Outputs for the Real-Time Pricing algorithm include:

9.9.1.1 shadow prices:

99.1.2 locational marginal prices and their components; and

9.9.1.3 sensitivity factors.

10 Pseudo-Unit Modelling

10.1 Pseudo-Unit Model Parameters

10.1.1 The real-time calculation engine shall use the following registration and dispatch
data to determine the underlying relationship between a pseudo-unit and the
associated physical resources for a combined cycle facility with K combustion
turbines and one steam turbine:
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10.1.2

10.1.1.1  CMCR,, which designates the registered maximum continuous rating
of combustion turbine A € {1,.., K} in MW;

10.1.1.2  CMLPE,, which designates the minimum loading point of combustion
turbine k€ {1,..,K} in MW;

10.1.1.3  SMCR, which designates the registered maximum continuous rating of
the steam turbine in MW:

10.1.1.4  SMLP,_which designates the minimum loading point of the steam
turbine in MW for a 1x1 configuration;

10.1.1.5 SDF. which designates the amount of duct firing capacity available on
the steam turbine in MW:

10.1.1.6  STPortion,, which designates the percentage of the steam turbine
capacity attributed to pseudo-unit k€ {1,.., K}; and

10.1.1.7  CSCM, € {0,1}, which designates whether pseudo-unit k € {1,.. K} is

flagged to operate in single cycle mode.

The real-time calculation engine shall calculate the following model parameters

for each pseudo-unit k€ {1,.K}

10.1.2.2

10.1.2.3

MMCR,. which designates the maximum continuous rating of pseudo-
unit k and is calculated as follows:

CMCRk+ SMCRSTPortmnk(l - CSCMk)

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

CMLPA+ SMLP-(1 — CSCM))

MDEF,, which designates the duct firing capacity of pseudo-unit k and

10.1.2.4

1s calculated as follows:

SDF-STPortion;:(1 — CSCMy)

MDR),, which designates the dispatchable capacity of pseudo-unit k

and is calculated as follows:

MMCR, — MMLP, — MDF,
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10.1.3 The real-time calculation engine shall define three operating regions of pseudo-
unit k€ {1,.K}, as follows:

10.1.3.1  The minimum loading point region shall be the capacity between 0 and
MMLP,

10.1.3.2  The dispatchable region shall be the capacity between MMLPF, and
MMLP, + MDR,;

10.1.3.3  The duct firing region shall be the capacity between MMLP, + MDR,
and MMCRy.

10.1.4 The real-time calculation engine shall calculate the associated combustion turbine
and steam turbine shares for the three operating regions of pseudo-unit k€ {1,..K},
as follows:

10.1.4.1  For the minimum loading point region:

10.1.4.1.1 Steam turbine share: STShareMLP; = W;
k

CMLP
k. and

10.1.4.1.2 Combustion turbine share: CTShareMLP; = Lp,—and
k

10.1.4.2  For the dispatchable region:

10.1.4.2.1 Steam turbine share:

1-CSCMy) (SMCR-STPortion,— SMLP-SDF-STPortion
STShareDR,=" i) o 8. and
k

10.1.4.2.2 Combustion turbine share:

CMCR;~CMLPy.

_CTShareDR), = DR ;and
k

10.1.4.3  For the duct firing region:

10.1.4.3.1 Steam turbine share shall be equal to 1; and

10.1.4.3.2 Combustion turbine share shall be equal to 0.
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10.2

Application of Physical Resource Deratings to the

Pseudo-Unit Model

10.2.1 The real-time calculation engine shall apply deratings submitted by market
participants to the applicable dispatchable capacity and duct firing capacity
parameters for a pseudo-unit, where:
10.2.1.1  CTCap, designates the capacity of combustion turbine X € {1,., K} in
interval 7 as determined by submitted deratings;

10.2.1.2  STCap;, designates the capacity of the steam turbine in interval 7as
determined by submitted deratings; and

10.2.1.3  TotalQ;; designates the total offered quantity of energy for pseudo-
unit k€ {1,.,K} in interval 7

10.2.2 The real-time calculation engine shall solve for the following operating region
parameters for each pseudo-unit k€ {1,.,K}:
10.2.2.1  MLPF} designates the minimum loading point of pseudo-unit kin

interval 7,
10.2.2.2 DR, designates the dispatchable capacity region of pseudo-unit kin
interval 7 and
10.2.2.3  DFj; designates the duct firing capacity region of pseudo-unit Kk in
interval 7.
10.2.3 Pre-Processing of De-rates

10.2.3.1  The real-time calculation engine shall perform the following pre-
processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine and steam turbine share
and the application of the pseudo-unit deratings. For pseudo-unit
k€ {1,.,K} for interval /€ [

10.2.3.1.1 Step 1: Calculate the amount of the offer for energy that is
attributed to each combustion turbine (C7Amt;;) and steam
turbine portion (S7Amt;;):

If TotalQ;; < MMLPF, then:

Calculate CTAmt;; = 0;and
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Calculate STAmt;; = 0.

Otherwise:

CTAmtMLP =MMLP,-CTShareMLP,; and
STAmMtMLP =MMLP,-STShareMLPF,.

If TotalQ;; > MMLF+ MDR, then:
CTAmtDR = MDR,-CTShareDR,.
STAmtDR = MDR,-STShareDR,; and

STAmtDF= (1 — CSCMy) ( TotalQ,;, — MMLE, —
MDR)).

Otherwise:

CTAmtDR = (TotalQ,, — MMLF,) -CTShareDR,;
STAmtDR = (TotalQ,;, — MMLPF,) -STShareDR;
STAmtDF= 0;

CTAmt ;)= CTAmtMLP+ CTAmtDR; and
STAmt; ;=STAmtMLP + STAmtDR + STAmtDF.

10.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-

unit:

STAmt,
PRSTCap,; ;= - ‘STCap;

Z we {1,. K} STAthW

10.2.3.1.3 Step 3: Determine if the pseudo-unit is available:

If CTAmt;; < CMLF, then the pseudo-unit is
unavailable.

If STAmt;;, < SMLP-(1 — CSCMy,), then the pseudo-
unit is unavailable.
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If CTCap; < CMLF, then the pseudo-unit is
unavailable.

If PRSTCap;; < SMLP-(1 — CSCMy,), then the pseudo-
unit is unavailable.

10.2.3.1.4 Step 4: Initialize the operating region parameters for interval
I € [to the model parameter values:

Set MLE = MMLF,.
Set DR;y = MDRy.
Set DF; = MDF,.

10.2.3.1.5 Step 5: Apply the derating for the combustion turbine to the
dispatchable region:

Calculate Pso that CMLB, + P-CTShareDR,-MDR, =
CTCap;y, and

Set DR = min(DR,., P-MDR).

10.2.3.1.6 Step 6: Apply the derating for the steam turbine to the duct
firing and dispatchable regions for pseudo-units not operating
in single cycle mode:

Calculate Rso that SMLP+R-STShareDR;-MDR) =
PRSTCap;.

If R <1, update DF;; =0, and
DR, = min(DR;;, R-MDRy).

If R> 1, update DF;;, = min(DFj;, PRSTCap;; —
SMLP— STShareDR;-MDR)).

10.2.4 Available Energy Laminations

10.2.4.1  The real-time calculation engine shall determine the offer quantity
laminations that may be scheduled for energy and operating reserve in
each operating region for interval i € [ for each pseudo-unit
k € {1,..,K}, subject to section 10.2.4.2, where:
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10.3

10.2.4.1.1 QMLF, designates the total quantity that may be scheduled in
the minimum loading point region;

10.2.4.1.2 QDR; designates the total quantity that may be scheduled in
the dispatchable region; and

10.2.4.1.3 QDF;, designates the total quantity that may be scheduled in
the duct firing region.

10.2.4.2  The available offered quantity laminations shall be subject to the
following conditions:

0 < QMLP,,.< MLP,;
0 < QDF; < DFy.

if QMLF, ;< MLF,, then the pseudo-unit is unavailable and
QDRI,I( = QDEJ(: O; and

iQDRI,k< DRI;]{, then QDE"I(: 0

Convert Physical Resource Constraints to Pseudo-Unit

10.3.1

Constraints

The real-time calculation engine shall convert physical resource constraints to

pseudo-unit constraints, where:

10.3.1.1 PS UMI'H?k designates the minimum limitation on pseudo-unit k

determined by translating constraint g. When constraint ¢ does not
provide a minimum limitation on pseudo-unit k, then P.S'UMin?k shall

be set equal to 0;

10.3.1.2  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 PS. UMaka _shall
be set equal to MLF,;+ DR, ;+ DF;;; and

10.3.1.3  CTCmtd, € {0,1} designates whether combustion turbine X € {1,..K}
is considered committed in interval 7€ I
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10.3.2 The real-time calculation engine shall calculate the minimum and maximum

limitations, subject to section 10.3.3.1, as follows:

10.3.2.1 Minimum limitation: MinDG; = maxge; Q}PSUMm

10.3.2.2 Maximum limitation: MaxDG; = mingey; Q}PSUMaX

where Q designates the number of constraints impacting a
combined cycle facility that have been provided to the real-time
calculation engine.

10.3.3 Pseudo-Unit Minimum and Maximum Constraints

10.3.3.1  Pseudo-unit minimum and maximum constraints shall be calculated as
follows:

10.3.3.1.1 PSUMin;;, = PMin where PMin shall be a minimum constraint
provided on pseudo-unit k€ {1,.,K} for interval /€ /, and

10.3.3.1.2 PSUMax;; = PMax where PMax shall be a maximum constraint
provided on pseudo-unit k € {1,.., K} for interval /€

10.3.4 Combustion Turbine Minimum and Maximum Constraints

10.3.4.1  If the pseudo-unit is not flagged to operate in single cycle mode, then
the combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMin < MLPF,;-CTShareMLPF,, then set

STMinMLP= CTMin- [2XhareMLP, y

(crsharemir,/*
STMinDR= 0.

Otherwise, if CTMin = MLF,;-CTShareMLF,, then set

STMinMLP = MLPF,-STShareMLF,,

STMinDR = (CTMin-MLE,-CTShareMLR,)- (o & /

Therefore:
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10.3.5

PSUMin;;, = CTMin+ STMinMLP+ STMinDR.

10.3.4.2  If a pseudo-unit is flagged to operate in single cyvcle mode, then the

combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMin; = CTMin.

10.3.4.3  If the pseudo-unit is not flagged to operate in single cycle mode, then

the combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMax < MLF,;-CTShareMLF, then PSUMax;; =0 and the
pseudo-unit is unavailable.

Otherwise, calculate the value of the constraint on the steam
turbine within the minimum loading point and dispatchable

regions:

STMaxMLP= MLF,;-STShareMLPF,

TShareDR,
STMaxDR = (CTMax-MLE,-CTShareMLP,)- /

CTShareDR
PSUMax;; = CTMax + STMaxMLP+ STMaxDR
10.3.4.4  If a pseudo-unit is flagged to operate in single cycle mode, then the

combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMax;;, = CTMax.

Steam Turbine Minimum and Maximum Constraints

10.3.5.1  The real-time calculation engine shall convert a stream turbine
minimum constraint to a pseudo-unit constraints as follows:

10.3.5.1.1 Step 1: Identify 4 < {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 A is empty, then no
further steps are required, otherwise proceed to Step 2.

Appendix 7.6A-428

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY



10.3.5.1.2 10.3.5.1.2 Step 2: Determine the steam turbine portion of the
capacity for pseudo-unit k€ A:

STCapy = QMLP,,-STShareMLP, + QDR ;-STShareDR; + QDF,.

10.3.5.1.3 Step 3: Allocate the S7Min constraint to each pseudo-unit
k€ A, where STMin constraint shall be allocated equally to
each pseudo-unit k€ A, where STPMin, is limited by S7Cap,.

10.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be
converted to a pseudo-unit constraint ,where for each pseudo-
unit k€ A:

If STPMin;, < MLF,;-STShareMLP, then set

CTMinMLE, = STPMiny-(S222k)

————=); and
STShareMLP,
CTMinDR,, = 0.

Otherwise, if STPMiny = MLF,-STShareMLF,, then set

CTMinMLF, = MLF,;-CTShareMLPF,;, and

CTMinDR = (STPMiny-MLP,-STShareMLP,) (%)
k

Therefore:
PSUMin;, = STPMiny, + CTMinMLF, + CTMinDR;,.

10.3.5.1.4 If pseudo-units with sufficient steam turbine capacity are not
commited, then the real-time calculation engine shall not
convert the entire quantity of the steam turbine minimum
constraint to pseudo-unit constraints.

10.3.5.2  The steam turbine maximum constraint shall be converted to a pseudo-
unit constraint as follows:

B STAmt,,
PRSTMax;; = -STMax.

Yweq,.kpSTAmt;,,

If the converted steam turbine maximum constraint limits the
steam turbine portion to below its minimum loading point, then
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10.4

10.3.5.3

PSUMax;; = 0.

Otherwise, calculate R so that
SMLP+ R-STShareDR;-MDR;= PRSTMax;,

If R <1, set PSUMax;;, = MLP,;,+ min(DR,;., R-MDR)).

If R > 1, set PSUMax; ;= MLP,; +
DR;; + PRSTMax,-SMLP-STShareDR;-MDR;.

If the steam turbine minimum and maximum constraints are equal but

do not convert to equal pseudo-unit minimum and maximum

constraints, then the steam turbine minimum constraint conversion in

section 10.3.5.1 shall be used to determine equal pseudo-unit

minimum and maximum constraints.

Steam Turbine Forced Outages

10.4.1

If the steam turbine experiences a forced outage, the real-time calculation engine

10.5

shall evaluate the corresponding pseudo-units as being offered in single cycle

mode.

Determination of Energy Management System MW

10.5.1

Values for Pseudo-Units

The real-time calculation engine shall determine the effective energy

management system MW value for each pseudo-unit from the IESO’s energy

management system MW values for the corresponding physical resources, where:

10.5.1.1  CTTel, designates the energy management system MW value for
combustion turbine & € {1,.,K};

10.5.1.2  STTel designates the energy management system MW value for the
steam turbine;

10.5.1.3  PSUTel, designates the effective energy management system MW
value for pseudo-unit k € {1,.,K};

10.5.1.4  TMLP, designates the effective minimim loading point operating range

for the time at which energy management system MW value was
determined;
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10.5.1.5  TDR, designates the effective dispatchable region operating range for
the time at which energy management system MW value was
determined; and

10.5.1.6  TDF,. designates the effective duct firing region operating range for
the time at which energy management system MW value was
determined.

10.5.2 The real-time calculation engine shall determine the effective energy
management system MW values for pseudo-units as follows:

10.5.2.1 Step 1: For all combustion turbines, assign the following energy
management system MW values to the corresponding pseudo-unit

ke {1,.,K}:

10.5.2.1.1 CTMLPTel, . which designates the MW value assigned to the
combustion turbine’s share of the minimum loading point
region and is calculated as follows:

CTMLPTel, = min{CTTel,,CTShareMLP,-TMLP, }.

10.5.2.1.2 CTDRTel, , which designates the MW value assigned to the
combustion turbine’s share of the dispatchable region and is
calculated as follows:

If CTMLPTel, < CTTely, then set CTDRTel, = min{(CTTel,-
CTMLPTely) , CTShareDR,-TDR, }

Otherwise, set CTDRTel, =0

10.5.2.2  Step 2: Determine the maximum energy management system MW
value for the steam turbine that may be assigned to the steam turbine’s
share of the pseudo-unit’s minimum loading point and dispatchable
regions based on the amount assigned to the combustion turbine’s
share of the minimum loading point and dispatchable regions. For

pseudo-unit k€ {1,.,K}:

10.5.2.2.1 STMLPMax, designates the maximum MW value that may be
assigned to the steam turbine’s share of the minimum loading
point region and is calculated as follows:

ST. SbareMLH()

STMLPMan= CTMLPTG‘]k(m .
k
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10.5.2.2.2 STDRMax, designates the maximum MW value that may be
assigned to the steam turbine’s share of the dispatchable region
and is calculated as follows:

STShareDR k)

STDRMan = CTDRTE‘Ik<m .
k

10.5.2.3  Step 3: Allocate the energy management system MW value for the

steam turbine to the minimum loading point and dispatchable regions
of the pseudo-unit in proportion to the maximum amount that may be
allocated. For pseudo-unit k € {1,.,K}:

10.5.2.3.1 STMLPTel, designates the MW value assigned to the steam
turbine share of the minimum loading point region and is
calculated as follows:

STMLPMaxy,
2w=1.k(STMLPMax,,+STDRMax,)

STMLPTel,, = min {STMLPMax, ,( )-STTet}

10.5.2.3.2 STDRTel, designates the MW value assigned the steam turbine
share of the dispatchable region and is calculated as follows

STDRMax,,
Yw=1.x(STMLPMax,, + STDRMax,,)

STDRTel, = min {STDRMaxk ( ) -STTeE}

10.5.2.4  Step 4: Determine the remaining portion of the energy management

system MW value for the steam turbine that is vyet to be distributed
(STRemTel) as follows:

STRemTel = STTel — § (STMLPTel, + STDRTel,)
k=1.K

10.5.2.5 Step 5: Determine the maximum energy management system MW
value for the remaining steam turbine that may be assigned to the duct
firing region for the pseudo-unit based on whether the pseudo-unit is
fully loaded for its minimum loading point and dispatchable regions.
For pseudo-unit k€ {1,.,K}:

10.5.2.5.1 STDFMax, designates the maximum MW value that may be
assigned to the duct firing region and is calculated as follows:
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If (CTMLPTel, + CTDRTel,+STMLPTel,+STDRTel,) =
TMLP, + TDR,, then set STDFMax;, = TDF}

Otherwise, set STDFMax;, = 0.

10.5.2.6 _ Step 6: Distribute the remaining portion of the energy management
system MW value for the steam turbine to the duct firing regions of
the pseudo-unit in proportion to the maximum amount that may be
allocated. For pseudo-unit k€ {1,.,K}:

10.5.2.6.1 STDFTel, designates the MW value assigned to the duct firing
region and is calculated as follows:

STDFMax;,,
Ew:l..K STDFM(IXW

STDFTel;, = min {STDFMaxk ,( ) -STRemTeI}.

10.5.2.7  Step 7: Determine the effective real-time energy management system
MW value for the pseudo-unit by summing the MW values assigned to
operating regions of the pseudo-unit. For pseudo-unit k€ {1,.,K}:

PSUTel, = CTMLPTel, + CTDRTel,+ STMLPTel, +
STDRTel, + STDFTely.

10.6 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

10.6.1 For a combined cycle facility with K combustion turbines and one steam turbine,
the real-time calculation engine shall compute the following energy and
operating reserve schedules for interval /€ [

10.6.1.1  CTE; designates the energy schedule for combustion turbine
ke{1,.,K}.

10.6.1.2  STPEj;; designates the energy schedule for the steam turbine portion of
pseudo-unit k€ {1,.,K};

10.6.1.3  STE,; designates the energy schedule for the steam turbine;

10.6.1.4  CT10S;, designates the synchronized ten-minute operating reserve
schedule for combustion turbine XK€ {1,.,K};
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10.6.2

10.6.1.5 STP10S;; designates the synchronized ten-minute operating reserve

schedule for the steam turbine portion of pseudo-unit k€ {1,.,K};

10.6.1.6  ST10.S; designates the synchronized fen-minute operating reserve

schedule for the steam turbine:

10.6.1.7  CT10N;; designates the non-synchronized ten-minute operating

reserve schedule for combustion turbine k€ {1,..,K};

10.6.1.8  STP10N,, designates the non-synchronized ten-minute operating

reserve schedule for the steam turbine portion of pseudo-unit
ke{1,.,K}:

10.6.1.9  ST10N,; designates the non-synchronized ten-minute operating reserve

schedule for the steam turbine:

10.6.1.10 CT30R;; designates the thirty-minute operating reserve schedule for

combustion turbine k€ {1,.,K};

10.6.1.11 STP30R;; designates the thirty-minute operating reserve schedule for

the steam turbine portion of pseudo-unit k€ {1,.,K}; and

10.6.1.12 ST30R,; designates the thirty-minute operating reserve schedule for the

steam turbine.

The real-time calculation engine shall determine the following energy and

operating reserve schedules for pseudo-unit k € {1,.., K} in interval 7€ /.

10.6.2.1  SE;; designates the total amount of energy scheduled and SE;;, =
SEMLPF, + SEDR;; + SEDF;;, where:

10.6.2.1.1 SEMLF,; designates the portion of the schedule corresponding

to the minimum loading point region, where
0 <SEMLF,; < QMLF.

10.6.2.1.2 SEDR; designates the portion of the schedule corresponding to
the dispatchable region, where 0 < SEDR,; ;< QDR;; and
SEDR;; >0 only if SEMLE,, = QMLPF,;

10.6.2.1.3 SEDF;; designates the portion of the schedule corresponding to
the duct firing region, where 0 < SEDF;; < QDF;; and
SEDF;,](> 0 Only if SEDRI,/( = QDRI,]{J_
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10.6.2.2 5105, designates the total amount of synchronized ten-minute
operating reserve scheduled:

10.6.2.3  S10N;; designates the total amount of non-synchronized fen-minute
operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region, then 0 < SE;; +
S108;,+ S10N;, < QMLE, ;. + QDR;;; and

10.6.2.4  S30R; designates the total amount of thirty-minute operating reserve
scheduled, where 0 < SE}; + S10S5;, + S10N;; + S30R,; <
QMLE,; + QDR + QDF;.

10.6.3 The real-time calculation engine shall convert pseudo-unit schedules to physical
generation resource schedules for energy and operating reserve, where:
10.6.3.1 S70n € {0,1} designates whether the steam turbine is currently online;
10.6.3.2  CTE, ; designates the initial energy schedule allocated to the
combustion turbine X € {1,..,K}; and
10.6.3.3  STPE; ; designates the initial energy schedule allocated to the steam
turbine portion of pseudo-unit k€ {1,.,K}.
10.6.4 The real-time calculation engine shall convert pseudo-unit schedules to physical

resource schedules for energy and operating reserve, as follows:

10.6.4.1  If SE; = MLP, then:
CTE; = SEMLP,-CTShareMLP, + SEDR,;-CTShareDR;
STPE; = SEMLP,-STShareMLP, + SEDR;;-STShareDR; + SEDF;;;
RoomDR; ;= QDR;;— SEDR, .
10SDR;; = min(RoomDR;;,510S;,);
10NDR;; = min(RoomDR;; — 10SDR;;,S10N,);
30RDR; ;= min(RoomDR,;; — 10SDR;; — 10NDR,;,S30R, ;);
CT10S;, = 10SDR, - CTShareDR,;

STP10S,; = 10SDR, "STShareDR + (5105, — 10SDR,);

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-435



10.6.4.2

10.6.4.3

CTLON,;, = 10 NDR, -CTShareDRy;
STP10N,; = 10 NDR,-STShareDR, + (S10N,; — 10NDR,);
CT30R,; = 30 RDR;;-CTShareDR,; and

ST}BORM(: 3ORDRII/(STS]731‘EDR‘1(+ (SBORM( - SORDRI/k)

If SE;; < MLF,; and is on a ramp up trajectory, then the energy
schedules for the combustion turbine and steam turbine are determined
as follows:

If the steam turbine is not online, then the pseudo-unit schedule will be

10.6.4.4

assigned to the combustion turbine as follows:

CTE; = SEj;.and
STPE,;= 0,

If the steam turbine is online, the incremental pseudo-unit schedule

10.6.4.5

10.6.4.6

will be assigned to the steam turbine until the assigned combustion
turbine and steam turbine schedules adhere to the pseudo-unit model
as follows:

STPE;.
If ( L5V S ) < STShareMLP,, then
STPE;j 1 +CTE1

CTE, = CTE; 4,
STPE; = SE; — CTE 4 .
Otherwise:
CTE; ;= SE;-CTShareMLF),; and
STPE; = SE;"STShareMLP,,
If SE;; < MLF, and is on a ramp-down trajectory, then the energy

schedules for the combustion turbine and steam turbine are determined
as follows:

If the steam turbine is not online, then the pseudo-unit schedule will be

assigned to the combustion turbine as follows:
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CTE}’k = SE};]{; and
STPE,;, = 0,

10.6.4.7  If the steam turbine is online, the pseudo-unit schedule will be
assigned according to the pseudo-unit model as follows

CTE,; = SE;-CTShareMLP,; and
STPE; = SE;;STShareMLE,,

10.6.4.8 If SE;; < MLPF,, then the operating reserve schedules for the
combustion turbine and steam turbine are as follows:

5108, = SLON,, = S30R,;= 0;
CT105,,=0;

STP10S, = 0;

CT10N;;= 0;

STPLON,; = 0;

CT30R;; = 0; and

STP30R,; = 0.

10.6.4.9 The steam turbines portion schedules from section 10.6.4.1 through
10.6.4.8 shall be summed to obtain the steam turbine schedule as
follows:
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11

STE:: Z STPE,:J;{;
k=1,.K

ST10S; = Z STP10S;;;
k=1,.K

ST10N; = Z STP10N,, ;
k=1,.K

and

ST30R; = Z STP30R; ;
k=1,.K

Pricing Formulas

11.1

Purpose

11.1.1

The real-time calculation engine shall calculate locational marginal prices using

11.2

shadow prices, constraint sensitivities and marginal loss factors.

Sets, Indices and Parameters

11.2.1

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:

11.2.1.1 SPEm 7;10 ~designates the Pass 1 shadow price for the post-contingency
transmission constraint for facility f€ Fin contingency c € Cin
interval 7,

11.2.1.2  SPI} designates the Pass 1 shadow price for the energy balance
constraint in interval 7

11.2.1.3 SPNorm ﬂlfdesignates the Pass 1 shadow price for the pre-contingency
transmission constraint for facility f€ Fin interval 7,

11.2.1.4 SP10S! designates the Pass 1 shadow price for the total synchronized
ten-minute operating reserve requirement constraint in interval 7,
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11.2.1.5 SP10R! designates the Pass 1 shadow price for the total ten-minute
operating reserve requirement constraint in interval 7,

11.2.1.6  SP30R: designates the Pass 1 shadow price for the total thirty-minute
operating reserve requirement constraint in interval 7,

11.2.1.7  SPREGMin10 R}, designates the Pass 1 shadow price for the minimum
ten-minute operating reserve constraint for region r€ ORREG in
interval 7,

11.2.1.8  SPRE GMinBOR}; ~designates the Pass 1 shadow price for the minimum

thirty-minute operating reserve constraint for region r€ ORREG in
interval 7,

11.2.1.9 SPRE GMaxlOR}; _designates the Pass 1 shadow price for the
maximum fen-minute operating reserve constraint for region
r€ ORREG in interval 7,

11.2.1.10 SPRE GMaXBOR}; designates the Pass 1 shadow price for the
maximum thirty-minute operating reserve constraint for region
re€ ORREG in interval 7

11.3 Locational Marginal Prices for Energy

11.3.1 Energy Locational Marginal Prices for Delivery Points

11.3.1.1  The real-time calculation engine shall calculate a locational marginal
price and components for energy for Pass 1 and each interval 7/ € /for
every bus b € L and:

11.3.1.1.1 LMB}b designates the Pass 1 interval 7 locational marginal
price for energy;

11.3.1.1.2 PRef} designates the Pass 1 interval 7 locational marginal
price for energy at the reference bus:;

11.3.1.1.3 PLoss%b designates the Pass 1 interval /loss component, and

113.1.14 PCong}; pdesignates the Pass 1 interval 7 congestion
component.

11.3.1.2  The real-time calculation engine shall calculate an initial locational
marginal price for energy. a locational marginal price for energy at
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11.3.1.3

the reference bus. a loss component and a congestion component for

Pass 1 at bus 4 € Lin interval 7 € [ as follows:

InitLMP}, = InitPRef{' + InitPLoss}, + InitPCong},
where:
InitPRef;* = SPL};

InitPLoss}, = MglLoss;, - SPLj;
and

InitPCongib = Z PreConSF; s ), -SPNormTiff
TEF;

+ Z Z SFi,C.f.b 'SPEmT[':‘lC_f.

CEC fEF;,

If the initial locational marginal price for energy at the reference bus

11.3.14

(InitPRef?}) is not within the settlement bounds

(EngyPrcFIr, EngyPrcCelil), then the real-time calculation engine shall
modify the locational marginal price for energy at the reference bus as
follows:

If /nitPRef} > EngyPrcCeil , set PRef} = EngyPrcCeil
If /nitPRef! < EngyPrcFlir, set PRef} = EngyPrcFir

Otherwise, set PRef} = InitPRef}

If the initial locational marginal price for energy ( InitLMffb) is not

within the settlement bounds ( EngyPrcFlIr, EngyPrcCeil), then the
real-time calculation engine shall modify the locational marginal
price for energy as follows:

ElnitLME;lb > EngyPrcCelil, set LMH}I, = EngyPrcCell.

If InitLMPB}, < EngyPrcFlr, set LMP, = EngyPrcFlr.

Otherwise, set LMPy=InitLMP},
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11.3.1.5  The real-time calculation engine shall modify the loss component as

follows:

If PRef} # InitPRef}, set PLoss},= MglLoss;, PRef}

Otherwise, set PLOSS}b = [n1'tPLoss,%b

11.3.1.6  The real-time calculation engine shall modify the congestion

component as follows:

If LMPB}, — PRef! — PLoss}, and InitPCongj, have the same
mathematical sign, then set PCong}; biLMPI;lb — PRef} —
PLoss,%b

Otherwise, set PCong}; »—0_and set PLoss,%b = LMP,}b — PRef}

11.3.2 Energy Locational Marginal Prices for Intertie Metering Points

11.3.2.1 The real-time calculation engine shall calculate a locational marginal

price and components for energy for Pass 1 and each interval /€ [ for

intertie zone bus d € D, where:

11.3.2.1.1

11.3.2.1.2

EXtLM%D designates the locational marginal price for energy

for the dispatch hour in which interval 7 falls as calculated by
the pre-dispatch calculation engine;

ICE;IC, designates the Pass 1 interval /intertie congestion price:;

11.3.2.1.3

IC%D designates the intertie congestion price for the dispatch

11.3.2.14

11.3.2.1.5

11.3.2.1.6

hour in which interval 7 falls as calculated by the pre-dispatch
calculation engine:;

IntLMP., designates the Pass 1 interval i intertie border price
for energy;

EXtLME;Jd designates the Pass 1 interval 7 /ocational marginal
price for energy;

PExtCong], designates the Pass 1 interval / external
congestion component for the intertie congestion price:;
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11.3.2.1.7 PEXZ'COI]gf 2 designates the external congestion component for
the intertie congestion price for the dispatch hour in which
interval 7 falls as calculated by the pre-dispatch calculation

engine;

11.3.2.1.8 P[ntCongfd designates the Pass 1 interval /internal congestion
component for energy;

11.3.2.1.9 PLOSSZC, designates the Pass 1 interval 7loss component;

11.3.2.1.10 PN[SL{-, qdesignates the Pass 1 interval 7net interchange
scheduling limit congestion component for the intertie
congestion price;

11.3.2.1.11 PN[SLfg designates the net interchange scheduling limit
congestion component for the intertie congestion price for the
dispatch hour in which interval 7 falls as calculated by the pre-
dispatch calculation engine;, and

11.3.2.2  The real-time calculation engine shall calculate an intertie border
price for energy, a locational marginal price for energy for the
reference bus, a 1oss component and a congestion component for
energy for Pass 1 at intertie zone bus d € D, in intertie zone a € Ain
interval 7 € /, subject to section 11.3.2.11, as follows:

InitintLMPBy=InitPRef} +InitPLoss,},+InitPIntCongj,
where
InitPRef! =SPI%;
InitPL 055,% a=MglLoss;, SPL};

and
InitPIntCongid
= Z PreConSF; ¢ 4 -SPNormTff
fEF;
+ Z Z SFI’:,C,f,d 'SPEmT:C‘f
CEC f€F;,
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11.3.2.3  If there is import congestion in pre-dispatch such that [CE;ZD < 0, the
real-time calculation engine shall calculate an initial locational
marginal price, an intertie congestion price, and the net interchange
scheduling limit congestion component for the intertie congestion
price for energy for Pass 1 at intertie zone bus d € Din interval /€ /as
follows:
InitExtLMP,=min( InitintLMPL, ExtLMP.Y);
InitICP,=InitExtLMPF}-InitintLMP,;
where:
If [nitExtLMP},= InitintLMP.,, then Init/CB; = 0
and /nitPNISL, ;= 0;
and
If InitExtLMPy=ExtLMP'?. then InitICF}, and
InitPNISL; ; shall be prorated based on their pre-
dispatch magnitudes so that their sum equals the
effective real-time infertie congestion price.
11.3.2.4 If there is export congestion in pre-dispatch such that ICP,;‘ZD > 0, the
real-time calculation engine shall calculate an initial locational
marginal price, an intertie congestion price, and the net interchange
scheduling limit congestion component for the intertie congestion
price for energy for Pass 1 at intertie zone bus d € Din interval /€ [as
follows:
InitExtLMPy = InitintLMPl, + InitiCP,
where:
InitICPYy = InitPExtCongy, + InitPNISL, 4
InitPExtCong},; = PExtCong!y ;
and
. 1 _ PD
InitPNISL; ; = PNISL; 4.
11.3.2.5

If there is no intertie congestion in pre-dispatch such that ICPI-jD D=0 or

an intertie zone is out-of-service in real-time, then the real-time
calculation engine shall calculate an initial locational marginal price,
an intertie congestion price, and the net interchange scheduling limit

MRP Consolidated Draft- FOR REFERENCE PURPOSES ONLY Appendix 7.6A-443




congestion component for the intertie congestion price for energy for
Pass 1 at intertie zone bus d € Din interval 7 € /as follows:

InitExtLMPE; = InitIntLMP,+ InitiCBy

where

InitICPy = InitPExtCong}+ InitPNISL; ;=
InitPExtCong} ;= PExtCong’y;

and

InitPNISL; ;= PNISLY,.

11.3.2.6 _ If the intertie border price for energy ( InitlntLMPI;Jd) is not within the

settlement bounds ( EngyPrcFir, EngyPrcCeil), then the real-time
calculation engine shall modify the intertie border price for energy,
and its components, as follows:

11.3.2.6.1 The initial locational marginal price for the reference bus
(InitPRef}) shall be modified as per section 11.3.1.3;

11.3.2.6.2 The initial intertie border price ( InitlntLM}fd) shall be modified
as per section 11.3.1.4, where 1171'tLM113;1bi1171't]17tLME;1 i

11.3.2.6.3 The initial loss component ( InitPLOSS%d) shall be modified as per
section 11.3.1.5; and

11.3.2.6.4 The initial internal congestion component ( lnitP[ntCong'}d! shall
be modified as per section 11.3.1.6, where [nitPCong}; b=
InitPIntC 017g;;z g

11.3.2.7 If'the initial locational marginal price for energy ( InitEXtLM}}{, is not
within the settlement bounds ( EngyPrcFIr, EngyPrcCeil), then the
real-time calculation engine shall modify the locational marginal
price for energy, as follows:

ElnitEXtLMP,}d > EngyPrcCelil, set EXtLMP,;ld = EngyPrcCeil.

If InitExtLMP; < EngyPrcFIr, set ExtLMP.; = EngyPrcFIr.
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Otherwise, set ExtLMPl, = InitExtLME,.

11.3.2.8 If'the modified locational marginal price for energy ( EXl'LME;ld)
determined in section 11.3.2.7 is equal to the intertie border price for
ener. IntLME}d), then the real-time calculation engine shall modify
the external congestion component for the intertie congestion price
and net interchange scheduling limit congestion component for the
intertie congestion price, as follows:

If ExtLMP; = IntLMP.,. set PExtCong;,= 0_and
PNISL; 4=

11.3.2.9 If'the modified locational marginal price for energy ( EXZ'LME;ld)
determined in section 11.3.2.7 is not equal to the intertie border price

for energy g[ntLMf}ld), then the real-time 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; # IntLMF},, then set

1 1 15 InitPNISL, 4
PNISL;q = (ExtLMF, ; — IntLMF,, (lnjtPNISL};d-I-[nitPEXl’Cong,l;d -

If PNISL; ;> NISLPen, then set PNISL; ;= NISLPen;

If PNISL; ;< ( — 1)-NISLPen, then set PNISL; ;= (—
1) -NISLPen; and

Set PExtCong} ;= ExtLMP, — IntLMP.; — PNISL;

11.3.2.10 The real-time calculation engine shall calculate the intertie congestion
price as follows:

ICP, = PExtCongj,+ PNISL; ;

11.3.2.11 The locational marginal price for energy calculated by the real-time
calculation engine shall be the same for all boundary entity resource
buses at the same intertie zone. Intertie transactions associated with
the same boundary entity resource bus, but specified as occurring at
different intertie zones, subject to phase shifter operation, shall be
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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.

11.3.3 Zonal Prices for Energy

11.3.3.1 The real-time calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each interval 7 €  the
energy price for virtual transaction zone m € M , as follows:

VZonalP},, = PRef! + VZonalPLoss},, + VZonalPCong},,
where:

VZonalPLoss},, = Z WF/IE - PLoss},

beLVIRT
and
1 VIRT 1
VZonalPCong;,, = Z WEF; 0, - PCong;,
beLVIRT

11.3.3.2  The real-time calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each interval 7 € [ for non-
dispatchable load zone y € Y. as follows:

ZonalP}, = PRef}! + ZonalPLoss}, + ZonalPCong},

where:
ZonalPLoss}, = Z WE[}% - PLoss},,
NDL
beLY
and|
ZonaIPCong,;ly = Z w ih;% - PCongj),
beL§PL
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11.3.3.3  The Ontario zonal price is calculated per section 11.3.3.2 where the

non-dispatchable load zone is comprised of all non-dispatchable loads

within Ontario.

11.34 Pseudo-Unit Pricing

11.3.4.1  The real-time calculation engine shall calculate a locational marginal

price and components for energy for Pass 1 and each interval 7 € /for

every pseudo-unit k€ {1,., K}, where:

11.34.1.1

11.3.4.1.2

11.34.1.3

11.3.4.14

11.34.1.5

11.3.4.1.6

C TMg]LOSS} rdesignates the marginal loss factor for the

combustion turbine identified by pseudo-unit k for each
interval 7 in Pass 1;

ST Mg]LOSSf designates the marginal loss factor for the steam
turbine identified by pseudo-unit k for each interval 7 in Pass

1

CTPreConSF; ¢ designates the pre-contingency sensitivity
factor for the combustion turbine identified by pseudo-unit k
on facility fduring interval i under pre-contingency conditions;

STPreConSF; ¢ designates the pre-contingency sensitivity
factor for the steam turbine identified by pseudo-unit k on
facility fduring interval 7under pre-contingency conditions;

CTSF; . ri designates the post-contingency sensitivity factor for
the combustion turbine identified by pseudo-unit k on facility f
during interval 7under post-contigency conditions for
contingency ¢, and

STSF; . designates the post-contingency sensitivity factor for
the steam turbine identified by pseudo-unit k on facility
during interval 7under post-contingency conditions for

contingency c.

11.3.4.2  The real-time 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 interval 7 for every pseudo-unit k€ {1,..,K}, as follows:

InitLMPY, = InitPRef} + InitPLoss}; + InitPCong;
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where:
InitPRef}=SPL;
[nitPL 0552L w—=MglL 055} - SPL;
and

InitPCong}, = Z PreConSF; ¢ - SPNormT},
JEF;

+Z Z SF;cf - SPEmT], |

CEC [€F;,

11.3.4.3 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,-STMgILoss];
PreConSF; ¢, = CTShareMLF,-CTPreConSF; s, + STShareMLF,-STPreConSF; s
SF};C,f,k = CTS]I&I‘G‘MLH{'CTSE;CfIk + STS]]&F@MLH('STSF};C’H(

11.3.4.4  If pseudo-unit k€ {1,..,K}.is scheduled within its dispatchable region,
its marginal loss and sensitivity factors shall be:

MglLoss}, = CTShareDR,-CTMglLoss}, + STShareDR,-STMgILoss}
PreConSF, ¢ = CTShareDR-CTPreConSF;s, + STShareDR-STPreConSF; i,
SP};C,f,k = CTS]IHFEDR]('CTSE;C[’/( + STShareDRk'STSF};Gfk

11.3.4.5  If pseudo-unit k€ {1,.,K} is scheduled within its duct firing region, its
marginal loss and sensitivity factors shall be:

MglLoss}, = STMgILoss}y,
PreConSF, g, = STPreConSFj sy
SFicex = STSFcrk

11.4 Locational Marginal Prices for Operating Reserve

11.4.1 Operating Reserve Locational Marginal Prices for Delivery Points
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11.4.1.1

The real-time calculation engine shall calculate locational marginal

prices and components for operating reserve for Pass 1 and each
interval 7 for a delivery point associated with the dispatchable
generation resource or dispatchable load bus b € B, where:

11.4.1.1.1 L30RP/, designates the Pass 1 interval / locational marginal price

for thirty-minute operating reserve;

11.4.1.1.2 P30RRef! designates the Pass 1 interval / locational marginal

price for thirty-minute operating reserve at the reference bus:;

11.4.1.1.3 PS’ORCongIJ;b designates the Pass 1 interval 7congestion

component for thirty-minute operating reserve;

11.4.1.14 L1 0NP,;1L, designates the Pass 1 interval 7 /locational marginal price

for non-synchronized ten-minute operating reserve;

11.4.1.1.5 P10NRef! designates the Pass 1 interval i locational marginal

price for non-synchronized ten-minute operating reserve at the

reference bus;

11.4.1.1.6 P1 ONCong,J-,b designates the Pass 1 interval 7 congestion

component for non-synchronized ten-minute operating reserve;

11.4.1.1.7 L1 05}3;11, designates the Pass 1 interval 7 locational marginal price

for synchronized ten-minute operating reserve;

11.4.1.1.8 P10SRef! designates the Pass 1 interval i locational marginal

price for synchronized ten-minute operating reserve at the

reference bus;

11.4.1.19 P1 OSCongf p.designates the Pass 1 interval 7 congestion component

for synchronized ten-minute operating reserve; and

11.4.1.1.10  ORREG, € ORREG as the subset of ORREG consisting of

11.4.1.2

regions that include bus b.

The real-time 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 or dispatchable load atbus b€ B
in interval 7 € / for each class of operating reserve, as follows:
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[nitL30 R}, = InitP30 RRef} + InitP30RCong},

where:

InitP30 RRef! = SP30R:

and

InitP30RCongy},

= Z SPREGMin30R},
rEORREG),
— Z SPREGMax30R},
r€ORREG)

InitL10NP}, = InitP10NRef;' + InitP10NCong},
where:

InitP10NRef;* = SP10R} + SP30R}

and
nitP10NCongy},
= Z (SPREGMin10R}, + SPREGMin30R},.)
rEORREGy,
— z (SPREGMax10R},. + SPREGMax30R},)
rEORREG)

InitL10SP}, = InitP10SRef + InitP10SCong},
where:

InitP10SRef;! = SP10S} + SP10R} + SP30R;}

and
InitP10SCong},
- Z (SPREGMin10R;}, + SPREGMin30R},.)
rEORREG)
— Z (SPREGMax10R}, + SPREGMax30R},)
rEORREG)

11.4.1.3  If'the initial locational marginal price at the reference bus
(InitP30RRef!, InitP10NRef! or InitP10SRefl,) is not within the
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114.1.4

settlement bounds ( ORPrcFIr, ORPrcCeil), then the real-time
calculation engine shall modify the locational marginal price at the
reference bus for each class of operating reserve as follows:

If /nitP30 RRef!> ORPrcCeil, set P30 RRef: = ORPrcCeil.
If /nitP30 RRef! < ORPrcFir, set P30RRef} = ORPrcFir;

Otherwise, set P30 RRef} = InitP30 RRef}.

If /nitP10 NRef} > ORPrcCeil_set P10 NReft = ORPrcCeil
If /nitP10 NRef} < ORPrcFlir, set P10 NRef: = ORPrcFIr

Otherwise, set P10NRef} = InitP10 NRef}

If /nitP10 SRef,-i, ORPrcFIr>ORPrcCeil , set
P10SRefl= ORPrcCeil

If InitPlOSRef},ORPrCFlr < ORPrcFir,_set
P10SRef! = ORPrcFir

Otherwise, set P10SRef} = InitP10SRef}

If the initial locational marginal price ( 1111'tL3’0RP1-,1 ,

InitL10NPY, or InitL10SPL) is not within the settlement bounds

(ORPrcFir, ORPrcCeil), then the real-time calculation engine shall
modify the locational marginal price for each class of operating
reserve as follows:

If /nitL30 RPy,> ORPrcCeil,_set L30RP), = ORPrcCell.

If InitL30 RBY, < ORPrcFIr, set L30RPY, = ORPrcFIr,

Otherwise, set L30RF), = InitL30 RE,.
If /nitL10 NB},> ORPrcCeil, set L1O NP, = ORPrcCell.
If /nitL10 NP}, < ORPrcFIr, set L\ONPY, = ORPrcFIr,

Otherwise, set L1ONB,= InitL10NF},.
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If [nitL10SF), > ORPrcCeil_set L10SE}, = ORPrcCeil,
If /nitL10SPY, < ORPrcFir, set L10SF), = ORPrcFIr,

Otherwise, set L10SPy, = InitL10SP,

11.4.1.5 If the initial locational marginal price ( 1111'1‘[30RP1-,1 ,
InitLloNﬁ}b, or 1111'tL105}3;1b) is not within the settlement bounds

(ORPrcFir, ORPrcCeil), then the real-time calculation engine shall
modify the congestion component for each class of operating reserve
as follows:

Set P30RCongj, = L30RPY, — P30RRef};
Set PLONCong;, = L10NPY, — P1ONRef}; and
Set P10SCong;, = L10SP, — PLOSRef}.

11.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

11.4.2.1 The real-time calculation engine shall calculate locational marginal
prices and components for operating reserve for Pass 1 and each
interval 7 € [_for intertie zone bus d € D, where:

114.2.1.1 ExtLS’ORPI;Jd designates the Pass 1 interval 7 /locational
marginal price for thirty-minute operating reserve;

11.4.2.1.2 EXtLS’OR}}ZD designates the locational marginal price for
thirty-minute operating reserve for the dispatch hour in which
interval 7 falls as calculated by the pre-dispatch calculation

engine;

11.42.1.3 P30REXtCOI]g}-,Id designates the Pass 1 interval /intertie
congestion component for thirty-minute operating reserve;

11.42.14 P30REXtCongf 2 designates the intertie congestion component
for thirty-minute operating reserve for the dispatch hour in
which interval 7 falls as calculated by the pre-dispatch
calculation engine;
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11.4.2.1.5 ExtL1 ONE;JC, designates the Pass 1 interval 7 /locational
marginal price for non-synchronized ten-minute operating
reserve,

11.4.2.1.6 ExtL1 ONEZD designates the locational marginal price for non-
synchronized ten-minute operating reserve for the dispatch
hour in which interval 7 falls as calculated by the pre-dispatch
calculation engine;

11.4.2.1.7 P30RRef! designates the Pass 1 interval 7 locational marginal
price for thirty-minute operating reserve at the reference bus:

11.42.1.8 P30RIntC0ngfc, designates the Pass 1 interval /internal
congestion component for thirty-minute operating reserve;

11.4.2.1.9 P10NRef! designates the Pass 1 interval i locational marginal
price for non-synchronized ten-minute operating reserve at the

reference bus;

114.2.1.10 P1 ONlntCongfd designates the Pass 1 interval 7 internal
congestion component for non-synchronized ten-minute
operating reserve.

11.42.1.11 P1 ONEXtCongf s designates the Pass 1 interval 7intertie
congestion component for non-synchronized ten-minute
operating reserve; and

11.4.2.1.12  PIONExtCongt? designates the intertie congestion
component for non-synchronized ten-minute operating reserve
for the dispatch hour in which interval j falls as calculated by
the pre-dispatch calculation engine.

11.4.2.2  The real-time calculation engine shall calculate an initial /ocational
marginal price, a locational marginal price at the reference bus, an
internal congestion component and an intertie congestion component
for Pass 1 at intertie zone bus d € Din interval 7 € /_for each class of
operating reserve, subject to section 11.4.2.8, as follows:

InitintL30 RP; = InitP30RRef} + InitP30 RintCong},

where:

InitP30 RRef!= SP30R!
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and

InitP30RIntCong; ,
= Z SPREGMin30R},
rEORREG 4
— Z SPREGMax30R},
rEORREG,4

Initintl10 fo = [nitP10 NRef}+ InitP10 NIntC ongf-, d

where:
[nitP1ONRef!=SP10R:+ SP30R:
and
InitP10NIntCong} ,

— Z (SPREGMin10R}, + SPREGMin30R},.)
r€E0RREG,

_ Z (SPREGMax10R}, + SPREGMax30R},)
TEORREG,4

11.4.2.3 The real-time calculation engine shall calculate initial locational

marginal prices, and its components for Pass 1 at intertie zone bus
d€ Din interval 7€ [ for each class of operating reserve as follows:

11.4.2.3.1 Ifthe intertie is import congested in pre-dispatch
(PSOREXtCongf D <0or PlONEXtCongf D < 0), then the prices

and components are determined in accordance with section
11.4.2.4:

11.4.2.3.2 If the intertie is not import congestion in pre-dispatch
(P30RExtCong!y > 0 or PLONExtCong? > 0) or if an
intertie zone is out-of-service, then the prices and components
are determined in accordance with section 11.4.2.5.

11.4.2.4 The real-time calculation engine shall calculate an initial locational

marginal price and an external congestion component for the intertie
congestion price for each class of operating reserve for Pass 1 at
intertie zone bus d € Din interval /€ /as follows:

InitExtL30 RE, = min(InitintL30 RPY, ExtL30RPY);
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and

InitP30RExtCong} 4= I[nitExtL30RP,; — InitintL30 RP.
InitExtL10 NPy = min(InitintL10 NBY, ExtL10NE.Y);

and

InitP10 NExtCong,, = InitExtL10 NPy — InitintL10 NP,

11.4.2.5 The real-time calculation engine shall calculate an initial locational
marginal price and an external congestion component for the intertie
congestion price for each class of operating reserve for Pass 1 at
intertie zone bus d € Din interval 7 € /as follows:

InitExtL30 RP, = InitIntL30 RPY;

and

[nitP30RExtCong} ;= 0.
InitExtL10 NP, = I[nitintL10 NP;

and

InitP10 NExtCongj, = 0.

11.4.2.6  If the initial locational marginal price ( ]n1'tEXtL30RE;1b) is not within
the settlement bounds (ORPrcFIr, ORPrcCeil), then the real-time
calculation engine shall modify the locational marginal price, the
locational marginal price at the reference bus, and the congestion
components for thirty-minute operating reserve as follows:

IntL30 R =[nitP30 RRef} + InitP30 RIntCong;,
If /nitP30 RRef! > ORPrcCeil , set P30 RRef} = ORPrcCeil.
IfnitP30 RRef! < ORPrcFir, set P30 RRef! = ORPrcFIr,

Otherwise, set P30 RRef} = InitP30 RRef};

Set P30RIntCong;, = ExtL30RE), — P30RRef};

If InitExtL30RE}, > ORPrcCeil, set ExtL30RPY, = ORPrcCeil:
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11.4.2.7

If InitExtL30 RB), < ORPrcFIr, set ExtL30REY, = ORPrcFIr,

Otherwise, ExtL30RE}, = InitExtL30RP,; and

Set P30RExtCong} ;= ExtL30RF), — P30RRef} —
PBOR[ntCong};d

If the initial locational marginal price (InitExtL1 ONE;Jd) is not within

11.4.2.8

the settlement bounds (ORPrcFIr, ORPrcCeil), then the real-time
calculation engine shall modify the locational marginal price, the
locational marginal price at the reference bus, and the congestion
components for ten-minute operating reserve as follows:

IntL10 N=InitP10 NRef} + InitP10 NIntCongj ,
If /nitP10 NRef} > ORPrcCeil , set PLONRef! = ORPrcCeil,
If /nitP10 NRef} < ORPrcFir, set PLONRef} = ORPrcFIr,

Otherwise, PIONRef! = InitP10 NRef}; and

Set PLONIntCong; ;= L10NF}, — PLONRef}

If /nitExtL10 NPy, > ORPrcCeil , set
ExtL10N Py, = ORPrcCeil:

If InitExtL10 NPy, < ORPrcFIr, set ExtL10NBY, = ORPrcFIr,

Otherwise, ExtL30RPBY, = InitExtL10 NB}; and

Set PION ExtCongj,= ExtL10NF}, — PLONRef} —
P1ON/ntCongj,

The locational marginal price calculated by the real-time 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
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minimum and maximum operating reserve requirements applicable to
the path associated to the relevant intertie zone.

11.5 Pricing for Islanded Nodes
11.5.1 For non-quick start resources that are not connected to the main island, the real-
time calculation engine shall use the following reconnection logic where enabled
by the /ESO in the order set out below to calculate the locational marginal prices
for energy:
11.5.1.1 Determine the connection paths over open switches that connect the
non-quick start resource to the main island;
11.5.1.2 Determine the priority rating for each connection path identified based
on a weighted sum of the base voltage over all open switches used by
the reconnection path and the MW ratings of the newly connected
branches; and
11.5.1.3  Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.
11.5.2 For all (1) resources other than those specified in section 11.5.1 not connected to

the main island: (i1) non-quick start resources where a price was not able to be

determined in accordance with section 11.5.1; the real-time 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:

11.5.2.1

Use the locational marginal price for energy at a node in the node-

11.5.2.2

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;

11.5.2.3  If no such nodes are identified, use the average locational

marginal price for energy of all nodes within the same facility
that are connected to the main island.;

11.5.2.4 If no such nodes are identified, use the average locational

marginal price for energy of all nodes from another facility that
1s connected to the main island. as determined by the facility-
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level substitution list where defined and enabled by the /ESO:;
and

11.5.2.5 If a price is unable to be determined in accordance with
sections 11.5.2.1 through 11.5.2.4. use the locational marginal
price for energy for the reference bus.
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Appendix 7.7 — Radial Intertie Transactions

1.1

1.1.1

1.2

1.2.1

1.2.2

Applicable Configurations

A registered facility that is a generation facility that is connected electrically over
a radial intertie to a neighbouring control area may only provide electricity or
any physical service for delivery out of the integrated power system if it is, with
the approval of the IESO, operating such registered facility in a segregated mode
of operation.

Dispatch Data

A market participant that intends for a registered facility to operate in a
segregated mode of operation shall maintain dispatch data that was submitted for
that registered facility for each dispatch hour during which a registered facility
will or is intended to operate in segregated mode of operation. The market
participant may revise the applicable dispatch data in accordance with the
timelines for submission of revised dispatch data specified in section 3.3 of
Chapter 7.

Notwithstanding the provisions of section 3.3 of Chapter 7, if the IESO:
1.2.2.1 denies a Request for Segregation; or

1.2.2.2  revokes its approval to operate a registered facility in a segregated
mode of operation or terminates the operation of a registered facility in
a segregated mode of operation in accordance with section 1.3.6,

the /ESO shall permit new or revised dispatch data to be submitted to the /ESO in
respect of the registered facility for the dispatch hours to which such denied
request pertains.
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1.3

1.3.1

1.3.2

1.33

1.3.4

Scheduling & Scheduling Approval

A registered market participant shall, within the time required by section 1.3.3,
submit a Request for Segregation to the IESO for approval to operate its
registered facility in a segregated mode of operation and shall submit an outage
request, in accordance with the provisions specified in section 6.4 of Chapter 5
and the applicable market manual, to the IESO for the registered facilities
intended to operate in a segregated mode of operation. The registered market
participant shall make such a Request for Segregation in accordance with the
applicable market manual and the information contained in such Request for
Segregation shall include, but not be limited to:

1.3.1.1 the time at which operation in a segregated mode of operation is
intended to commence;

1.3.1.2 the length of time that the applicable registered facilities are intended
to operate in a segregated mode of operation; and

1.3.1.3 a list of the registered facilities that are intended to operate in a
segregated mode of operation.

If a registered market participant wishes to revise the contents of a Request for
Segregation it shall submit a new Request for Segregation and shall submit a new
outage request to the /ESO in accordance with section 1.3.1.

A Request for Segregation shall be made no earlier than 12:00 EST on the pre-
dispatch day and no later than 2 hours prior to the start of the first dispatch hour
to which such request pertains, unless otherwise agreed by the /ESO. When the
Request for Segregation is for the operation of a registered facility in a segregated
mode of operation for more than one day the /ESO may approve such operation
for up to two business days.

Upon receipt of the Request for Segregation the IESO shall make a decision
regarding a Request for Segregation as soon as practicable but no later than such
time that allows the fransmitter, referred to in section 1.3.5, a minimum of 90
minutes or such lesser time as agreed to by the transmitter to switch any
applicable equipment or facilities required to permit implementation of the
segregated mode of operation prior to the time set out in section 1.3.1.1, and shall
notify the registered market participant of such decision. The /ESO:

1.3.4.1 shall deny such Request for Segregation if:
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1.3.5

1.3.6

a. such Request for Segregation pertains to a registered facility
located in the province of Ontario and would threaten the
reliability of the IESO-controlled grid; or

b. the metering installation for the registered facility to which such
Request for Segregation relates does not comply with section
4.1A.1 of Chapter 6; or

c. such Request for Segregation pertains to a registered facility
located outside the province of Ontario and would threaten the
security of the IESO-controlled grid; and

1.3.42  may deny such Request for Segregation if the metered market
participant for the metering installation for the registered facility to
which such Request for Segregation relates has previously failed to
comply with section 1.2.1.7 of Appendix 6.1 of Chapter 6 for a period
in which such registered facility operated in a segregated mode of
operation.

If the IESO approves a Request for Segregation, it shall direct the relevant
transmitter to:

1.3.5.1 switch any applicable equipment or facilities required to permit
implementation of the segregated mode of operation at the time
referred to in section 1.3.1.1;

1.3.5.2  switch any applicable equipment or facilities required to cease
implementation of the segregated mode of operation at the expiry of
the time referred to in section 1.3.1.2.

The /ESO may at any time revoke its approval to operate a registered facility in a
segregated mode of operation or terminate the operation of a registered facility in
a segregated mode of operation, as the case may be, for the reason described in
section 1.3.4.1(b), where the metered market participant is failing to comply with
section 1.2.1.7 of Appendix 6.1 of Chapter 6 in respect of the metering
installation for such registered facility or where, in the /ESO’s opinion, such
approval or such continued operation would threaten the reliability of a local area
which forms part of the IESO-controlled grid or the security of the integrated
power system, and shall notify the registered market participant accordingly.
Where the /ESO intends to revoke its approval to operate a registered facility in a
segregated mode of operation, it shall revoke any direction issued pursuant to
section 1.3.5. Where the /ESO intends to terminate such operation, the /ESO shall
direct the relevant transmitter to switch any applicable equipment or facilities
required to cease implementation of the segregated mode of operation. Where the
IESO revokes its approval to operate a registered facility in a segregated mode of
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operation or terminates the operation of a registered facility in a segregated mode
of operation, as the case may be, the registered market participant for that
registered facility shall not be entitled to compensation for any costs, losses or
damages from the /ESO for such revocation or termination.

1.3.7 The IESO shall coordinate and confirm with the applicable control area operator:

1.3.7.1 the switching to be effected by the relevant transmitter in accordance
with section 1.3.5 or 1.3.6; and

1.3.7.2  the names of the registered facilities that will operate in a segregated
mode of operation.

1.3.8 The /ESO shall not issue dispatch instructions to a registered facility in respect of
any dispatch hour during which such registered facility is operating in a
segregated mode of operation. All instructions relating to dispatch for the
registered facility while operating in a segregated mode of operation shall be sent
directly by the applicable control area operator to the registered market
participant.

14 Settlements

1.4.1 The delivery of electricity or a physical service by a registered facility while
operating in a segregated mode of operation shall be excluded from the IESO’s
settlement process and in no event shall the /ESO be required to effect payment in
respect of any electricity or physical service so delivered.

1.4.2 Notwithstanding section 1.4.1, a registered market participant that operates a
registered facility in a segregated mode of operation shall submit such scheduling
information to the /ESO as may be necessary to enable the /ESO to determine the
amounts payable by the registered market participant for export service related to
such operation.

143 Any costs incurred by a transmitter in complying with a direction issued pursuant
to section 1.3.5 or 1.3.6 shall be borne by the registered market participant or the
transmitter in the manner specified in their connection agreement.

1.4.4 The registered market participant shall be solely liable in respect of any positive
or negative inadvertent accumulated while its registered facilities are operating in
the segregated mode of operation.
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	If ,InitLMP-h,b-p. > EngyPrcCeil, ,𝐿𝑀𝑃-ℎ,𝑏-𝑝.=𝐸𝑛𝑔𝑦𝑃𝑟𝑐𝐶𝑒𝑖𝑙
	If ,InitLMP-h,b-p. < EngyPrcFlr, ,LMP-h,b -p.= EngyPrcFlr
	Otherwise, ,LMP-h,b-p. = ,InitLMP-h,b-p.
	If ,PRef-h-p.≠,InitPRef-h-p., then ,PLoss-h,b-p. = ,MglLoss-h,b-p.∙,PRef-h-p.
	Otherwise, ,PLoss-h,b-p. =, InitPLoss-h,b-p.
	If ,LMP-h,b-p. −,PRef-h-p.−,PLoss-h,b-p. and Init,PCong-h,b-p. have the same mathematical sign, then ,PCong-h,b-p.= ,LMP-h,b-p. −,PRef-h-p.−,PLoss-h,b-p.
	Otherwise, ,PCong-h,b-p.=0 and ,PLoss-h,b-p.=,LMP-h,b-p.−,PRef-h-p.
	If Init,ExtLMP-h,d-p. > EngyPrcCeil, set ,ExtLMP-h,d - p.= EngyPrcCeil
	If ,ExtLMP-h,d-p. = ,IntLMP-h,d-p., set ,PExtCong-h,d-p. = 0 and ,PNISL-h,d-p. = 0

	23.4 Locational Marginal Prices for Operating Reserve
	If I,InitP30RRef-h-p. > ORPrcCeil , ,P30RRef-h-p.=ORPrcCeil;
	If ,InitP30RRef-h-p.< ORPrcFlr, ,P30RRef-h -p.= ORPrcFlr; Otherwise, ,P30RRef-h-p.=,InitP30RRef-h-p..
	If ,InitP10NRef-h-p. > ORPrcCeil , ,P10NRef-h-p. = ORPrcCeil;
	If ,InitP10NRef-h-p. < ORPrcFlr, ,P10NRef-h -p.= ORPrcFlr; Otherwise, ,P10NRef-h-p.=,InitP10NRef-h-p..
	If ,InitP10SRef-h-p. > ORPrcCeil , ,P10SRef-h-p. = ORPrcCeil;
	If ,InitP10SRef-h-p. < ORPrcFlr, ,P10SRef-h-p. = ORPrcFlr; Otherwise, ,P10SRef-h-p.=,InitP10SRef-h-p.
	If ,InitL30RP-h,b-p. > ORPrcCeil , ,L30RP-h,b-p. = ORPrcCeil;
	If ,InitL30RP-h,b-p. < ORPrcFlr, ,L30RP-h,b-p.=ORPrcFlr; Otherwise, ,L30RP-h,b-p.=,InitL30RP-h,b-p..
	If ,InitL10NP-h,b-p. > ORPrcCeil , ,L10NP-h,b-p. = ORPrcCeil;
	If ,InitL10NP-h,b-p. < ORPrcFlr, ,L10NP-h,b-p. = ORPrcFlr; Otherwise, ,L10NP-h,b-p.=,InitL10NP-h,b-p..
	If ,InitL10SP-h,b-p. > ORPrcCeil , ,L10SP-h,b - p.= ORPrcCeil;
	If ,InitL10SP-h,b-p. < ORPrcFlr, ,L10SP-h,b-p. = ORPrcFlr; Otherwise, ,L10SP-h,b-p. = ,InitL10SP-h,b-p.
	Set ,P30RCong-h,b-p. = ,L30RP-h,b-p.−,P30RRef-h-p.;
	Set ,P10NCong-h,b-p. = ,L10NP-h,b-p.−,P10NRef-h-p.; and
	Set ,P10SCong-h,b-p. = ,L10SP-h,b-p.−,P10SRef-h-p..
	IntL30R =,InitP30RRef-h-p. + ,InitP30RIntCong-h,d-p.
	If ,InitP30RRef-h-p. > ORPrcCeil , ,P30RRef-h-p. = ORPrcCeil ;
	If ,InitP30RRef-h-p. < ORPrcFlr, ,P30RRef-h-p. = ORPrcFlr; Otherwise, ,P30RRef-h-p. = ,InitP30RRef-h-p.;
	Set ,P30RIntCong-h,d-p. = ,ExtL30RP-h,d-p.−,P30RRef-h-p.
	If ,InitExtL30RP-h,b-p. > ORPrcCeil , ,ExtL30RP-h,b-p. = ORPrcCeil;
	If ,InitExtL30RP-h,b-p. < ORPrcFlr, ,ExtL30RP-h,b-p. = ORPrcFlr; Otherwise, ,ExtL30RP-h,b-p. = ,InitExtL30RP-h,b-p.; and
	Set ,P30RExtCong-h,d-p.=,ExtL30RP-h,b-p.−,P30RRef-h-p.−,P30RIntCong-h,d-p.
	IntL10N = ,InitP10NRef-h-p. + ,InitP10NIntCong-h,d-p.
	If ,InitP10NRef-h-p. > ORPrcCeil , ,P10NRef-h-p. = ORPrcCeil ;
	If ,InitP10NRef-h-p. < ORPrcFlr, ,P10NRef-h-p. = ORPrcFlr; Otherwise, ,P10NRef-h-p. =, InitP10NRef-h-p.;
	Set ,P10NCong-h,b-p. =, L10NP-h,b-p.−,P10NRef-h-p.
	If ,InitExtL10NP-h,b-p. > ORPrcCeil , ,ExtL10NP-h,b-p. = ORPrcCeil;
	If ,InitExtL10NP-h,b-p. < ORPrcFlr, ,ExtL10NP-h,b -p.= ORPrcFlr; Otherwise, ,ExtL10NP-h,b-p. =, InitExtL10NP-h,b-p.; and
	Set ,P10NExtCong-h,d-p. =, ExtL10NP-h,b-p.−,P10NRef-h-p.−,P10NIntCong-h,d-p.
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	5 Initialization
	5.1 Purpose
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	LNKC =  ,,, LNK-tod.              if DAYS = {tod}           -,LNK-tom.             if DAYS = {tod,tom}...
	,LagC-,b-1.,,b-2..=,,,Lag-tod,,b-1.,,b-2..              if DAYS ={tod}           -,Lag-tom,,b-1.,,b-2..             if DAYS = {tod,tom}...
	,MWhRatioC-,b-1.,,b-2.. = ,,,MWhRatio-,tod,b-1.,,b-2..              if DAYS ={tod}           -,MWhRatio-,tom,b-1.,,b-2..             if DAYS = {tod,tom}...
	,𝑀𝑖𝑛𝑄𝐷𝐺𝐶-𝑏. = ,,,MinQDG-tod,b.              if DAYS = {tod}          -,MinQDG-tom,b.             if DAYS = {tod,tom}...
	,MGBRTDGC-b .= ,,,MGBRTDG-tod,b.              if DAYS ={tod}           -,MGBRTDG-tom,b.             if DAYS = {tod,tom}...
	,MGBDTDGC-b-m .= ,,,MGBDTDG-tod,b-m.              if DAYS ={tod}           -,MGBDTDG-tom,b-m.             if DAYS = {tod,tom}...
	,RampHrsC-b-m. = ,,,RampHrs-tod,b-m.              if DAYS = {tod}           -,RampHrs-tom,b-m.             if DAYS = {tod,tom}...
	,𝑅𝑎𝑚𝑝𝐸𝐶-𝑏,𝑤-𝑚.=,,,𝑅𝑎𝑚𝑝𝐸-𝑡𝑜𝑑,𝑏,𝑤-𝑚.              𝑖𝑓 𝐷𝐴𝑌𝑆 ={𝑡𝑜𝑑}           -,𝑅𝑎𝑚𝑝𝐸-𝑡𝑜𝑚,𝑏,𝑤-𝑚.             𝑖𝑓 𝐷𝐴𝑌𝑆 = {𝑡𝑜𝑑,𝑡𝑜𝑚}...
	,RampCTC-b,w-m.=,,,RampCT-tod,b,w-m.              if DAYS ={tod}           -,RampCT-tom,b,w-m.             if DAYS = {tod,tom}...
	,RampSTC-b,w-m. = ,,,RampST-tod,b,w-m.              if DAYS ={tod}           -,RampST-tom,b,w-m.             if DAYS = {tod,tom}...

	5.7 Start-Up Offers for Non-Quick Start Resource Advancements
	If ,SUDG-t,b-m. ≥ ,SUDG-t,b-DAM., then set ,SUAdjDG-t,b-m. = ,SUDG-t,b-m.
	If ,SUDG-t,b-m. <, SUDG-t,b-DAM., then set ,SUAdjDG-t,b-m. = ,SUDG-t,b-DAM.
	,SUAdjDG-t,b-m. = ,SUDG-t,b-m.

	5.8 Non-Quick Start Resource First Time-Step Available to Start
	5.9  Initial Scheduling Assumptions

	6 Security Assessment Function in the Pre-Dispatch Calculation Engine
	6.1 Interaction between the Security Assessment Function and Optimization Functions
	6.2 Inputs into the Security Assessment Function
	6.3 Security Assessment Function Processing
	6.4 Outputs from the Security Assessment Function

	7 Pass 1: Pre-Dispatch Scheduling Process
	8 Pre-Dispatch Scheduling
	8.1 Purpose
	8.2 Information, Sets, Indices and Parameters
	8.3 Variables and Objective Function
	8.4 Constraints
	8.5 Dispatch Data Constraints Applying to Individual Hours
	,ODG-t,b. ∈ {0,1} for all time-steps t ∈ TS and all buses b ∈ ,B-DG..
	For all time-steps t ∈ TS and all buses b ∈ ,B-DG.,
	For all time-steps t ∈ TS and all buses b ∈ ,B-DG.:
	and for all time-steps t ∈ TS and steam turbines p ∈ PST:
	,S10SDG-t,b,k. ≤ ,O10R-t,b.∙,Q10SDG-t,b,k..
	,S10NDG-t,b,k. ≤ ,O10R-t,b.∙,Q10NDG-t,b,k..

	8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
	where 𝑛 is the time-step of the last start before or in time-step t; and
	where m is the time-step of the last shutdown in or after time-step t.
	,ODG-2,b.,,ODG-3,b.,…,,ODG-,min-,,n-LAP.,,MGBRTDG-tod,b.-,InitOperHrs-b. + 1..,b. =  1.
	,ODG-2,b.,,ODG-3,b.,…,,ODG-,min-,,n-LAP.,,MGBDTDG-tod,b-HOT.−,InitDownHrs-b. + 1..,b. =  0.
	,ODG-t + 1,b.,,ODG-t + 2,b.,…,,ODG-min(,n-LAP.,t  +  ,MGBRTDGC-b.-1),b. =  1.
	,ODG-t + 1,b.,,ODG-t + 2,b.,…,,ODG-min(,n-LAP.,t + ,MGBDTDGC-b-HOT.−1),b. =  0.
	,IDG-t,b.  = ,,  1    if, ODG-t-1,b. =  0 and ,ODG-t,b. =  1-   0   otherwise.                                              ..
	where the factors 10 ORConv and 30 ORConv are applied to scheduled ten-minute operating reserve and thirty-minute operating reserve for energy limited resources to convert MW into MWh. Violation variables for over-scheduling a resource’s maximum daily...
	where the factors 10 ORConv and 30 ORConv shall be applied to scheduled ten-minute operating reserve and thirty-minute operating reserve to convert MW into MWh.

	8.7 Constraints for Reliability Requirements
	and
	and
	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.

	8.8 Outputs

	9 Pre-Dispatch Pricing
	9.1 Purpose
	9.2 Information, Sets, Indices and Parameters
	9.3 Variables and Objective Function
	9.4 Constraints
	9.5 Dispatch Data Constraints Applying to Individual Hours
	where
	,ODG-t,b-PDS. is a fixed constant in the above constraints, per section 9.8.1.1.

	9.6 Dispatch Data Inter-Hour/Multi-Hour Constraints
	where the factors 10 ORConv and 30 ORConv shall be applied to scheduled ten-minute operating reserve and thirty-minute operating reserve to convert MW into MWh.

	9.7 Constraints for Reliability Requirements
	9.8 Constraints to Ensure the Price Setting Eligibility of Offer/Bid Laminations
	,ODG-t,b. =  ,ODG-t,b-PDS..
	where ϵ is a small positive constant.
	and for all ,k ∈ K-t, b-E.:
	0  ≤ ,SDG-t,b,k. ≤ ,OHO-t,b-PDS.∙,QDG-t,b,k..
	,SDG-t,b,k. ≥ ,SDG-t,b,k-PDS..
	,SDG-t,b,k. ≥ ,SDG-t,b,k-PDS..
	where ϵ is a small positive constant.
	where 𝜖 is a small positive constant.

	9.9 Outputs

	10 Constrained Area Conditions Test
	10.1 Purpose
	10.2 Information, Sets, Indices and Parameters
	10.3 Variables
	10.4 Constrained Area Conditions Test for Local Market Power (Energy)
	10.5 Constrained Area Conditions Test for Global Market Power (Energy)
	,SPNIUExtBwdT-t-PDP.≠ 0

	10.6 Constrained Area Conditions Test for Local Market Power (Operating Reserve)
	10.7 Constrained Area Conditions Test for Global Market Power (Operating Reserve)
	10.8 Outputs

	11 Conduct Test
	11.1 Purpose
	11.2 Information, Sets, Indices and Parameters
	11.3 Variables
	11.4 Conduct Test for Energy
	11.5 Conduct Test for Operating Reserve
	11.6 Outputs

	12 Reference Level Scheduling
	12.1 Purpose
	12.2 Information, Sets, Indices and Parameters
	12.3 Variables and Objective Function
	12.4 Constraints
	12.5 Outputs

	13 Reference Level Pricing
	13.1 Purpose
	13.2 Information, Sets, Indices and Parameters
	13.3 Variables and Objective Function
	13.4 Constraints
	13.5 Outputs

	14 Price Impact Test
	14.1 Purpose
	14.2 Information, Sets, Indices and Parameters
	14.3 Variables
	14.4 Price Impact Test for Energy
	14.4.1.1.1 For each time-step t ∈ TS and b ∈ ,BCT-t-NCA., if ,LMP-t,b-PDP. > min,(LMP-t,b-RLP.* (1 + ,ITThresh1-NCA.), ,LMP-t,b-RLP. + ,ITThresh2-NCA.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine ...
	14.4.1.1.2 For each time-step t ∈ TS and b ∈ ,BCT-t-DCA., if ,LMP-t,b-PDP.> Min,(LMP-t,b-RLP.*(1 + ,ITThresh1-DCA.), ,LMP-t,b-RLP. + ,ITThresh2-DCA.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine sh...
	14.4.1.1.3 For each time-step t ∈ TS and b ∈ ,BCT-t-BCA., if ,LMP-t,b-PDP.> Min,(LMP-t,b-RLP.*(1 + ,ITThresh1-BCA.), ,LMP-t,b-RLP. + ,ITThresh2-BCA.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine sh...
	14.4.1.2.1 For each time-step t ∈ TS and b ∈ ,BCT-t-GMP., if ,LMP-t,b-PDP.> Min,(LMP-t,b-RLP.* (1 + ,ITThresh1-GMP.), ,LMP-t,b-RLP. + ,ITThresh2-GMP.), the Price Impact Test was failed by the resource at bus b and the pre-dispatch calculation engine s...

	14.5 Price Impact Test for Operating Reserve
	14.6 Revised Financial Dispatch Data Parameter Determination
	14.7 Outputs

	15 Pseudo-Unit Modelling
	15.1 Pseudo-Unit Model Parameters
	,CMCR-k. +  SMCR∙,STPortion-k.∙(1−,CSCM-k.)
	,CMLP-k. +  SMLP∙(1−,CSCM-k.)
	SDF∙,STPortion-k.∙(1−,CSCM-k.)
	,MMCR-k. −,MMLP-k.−,MDF-k.
	,STShareDR-k. = ,(1-,CSCM-k.)(SMCR∙,STPortion-k.-SMLP-SDF∙,STPortion-k.)-,MDR-k..; and

	15.2 Application of Physical Resource Deratings to the Pseudo-Unit Model
	If ,TotalQ-t,k. < ,MMLP-k. then:
	Calculate ,CTAmt-t,k. = 0;and
	Calculate ,STAmt-t,k. = 0.
	Otherwise:
	CTAmtMLP = ,MMLP-k.∙,CTShareMLP-k.; and
	STAmtMLP = ,MMLP-k.∙,STShareMLP-k..
	If ,TotalQ-t,k.>, MMLP-k. + ,MDR-k., then:
	CTAmtDR = ,MDR-k.∙,CTShareDR-k.;
	STAmtDR = ,MDR-k.∙,STShareDR-k.; and
	STAmtDF = (1-,CSCM-k.)∙(,TotalQ-t,k.-,MMLP-k.-,MDR-k.).
	Otherwise:
	CTAmtDR = ,(TotalQ-t,k.-,MMLP-k.)∙,CTShareDR-k.;
	STAmtDR = ,(TotalQ-t,k.-,MMLP-k.)∙,STShareDR-k.;
	STAmtDF = 0;
	,CTAmt-t,k. = CTAmtMLP + CTAmtDR; and
	,STAmt-t,k. = STAmtMLP + STAmtDR + STAmtDF.
	,PRSTCap-t,k. = ,,,STAmt-t,k.-,w ∈ {1,..,K}-,STAmt-t,w....∙,STCap-t.
	If ,CTAmt-t.k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,STAmt-t,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	If ,CTCap-t,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,PRSTCap-t,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	Set ,MLP-t,k. = ,MMLP-k..
	Set ,DR-t,k. = ,MDR-k..
	Set ,DF-t,k. = ,MDF-k..
	Calculate P so that ,CMLP-k. + P∙,CTShareDR-k.∙,MDR-k. = ,CTCap-t,k.; and
	Set ,DR-t,k. = min(,DR-t,k. , P∙,MDR-k.).
	Calculate R so that SMLP + R∙,STShareDR-k.∙,MDR-k. = ,PRSTCap-t,k..
	If R ≤ 1, update ,DF-t,k. = 0, and ,DR-t,k. = min(,DR-t,k. ,  R∙,MDR-k.).
	If R > 1, update ,DF-t,k. = min(,DF-t,k.,,PRSTCap-t,k.-SMLP-,STShareDR-k.∙,MDR-k.).
	0 ≤ ,QMLP-t,k. ≤ ,MLP-t,k.;
	0 ≤ ,QDR-t,k. ≤ ,DR-t,k.;
	0 ≤ ,QDF-t,k. ≤ ,DF-t,k.;
	if ,QMLP-t,k. < ,MLP-t,k., then the pseudo-unit is unavailable and ,QDR-t,k. = ,QDF-t,k. = 0; and
	if ,QDR-t,k. < ,DR-t,k., then ,QDF-t,k. = 0.

	15.3 Convert Physical Resource Constraints to Pseudo-Unit Constraints
	where Q designates the number of constraints impacting a combined cycle facility that have been provided to the pre-dispatch calculation engine.
	If CTMin < ,MLP-t,k.∙,CTShareMLP-k., then set
	STMinMLP = CTMin∙,,,STShareMLP-k.-,CTShareMLP-k...; and
	STMinDR = 0.
	Otherwise, if CTMin ≥ ,MLP-t,k.∙,CTShareMLP-k., then set
	STMinMLP = ,MLP-t,k.∙,STShareMLP-k.; and
	STMinDR = ,CTMin-,MLP-t,k.∙,CTShareMLP-k..∙,,,STShareDR-k.-,CTShareDR-k....
	Therefore:
	,PSUMin-t,k. = CTMin + STMinMLP + STMinDR.
	,PSUMin-t,k. = CTMin.
	If CTMax < ,MLP-t,k.∙,CTShareMLP-k., then the pseudo-unit is unavailable (i.e. ,PSUMax-t,k. = 0).
	Otherwise, calculate the effect of the constraint on the steam turbine within the minimum loading point and dispatchable regions:
	STMaxMLP = ,MLP-t,k.∙,STShareMLP-k.
	STMaxDR = ,CTMax-,MLP-t,k.∙,CTShareMLP-k..∙,,,STShareDR-k.-,CTShareDR-k...
	,PSUMax-t,k. = CTMax + STMaxMLP + STMaxDR
	,PSUMax-t,k. = CTMax.
	If ,STPMin-k. < ,MLP-t,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. = ,STPMin-k.∙,,,CTShareMLP-k.-,STShareMLP-k...; and
	,CTMinDR-k. = 0.
	Otherwise, if ,STPMin-k. ≥ ,MLP-t,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. = ,MLP-t,k.∙,CTShareMLP-k.; and
	,CTMinDR-k. = ,,STPMin-k.-,MLP-t,k.∙,STShareMLP-k..∙,,,CTShareDR-k.-,STShareDR-k....
	Therefore:
	,PSUMin-t,k. = ,STPMin-k. + ,CTMinMLP-k. + ,CTMinDR-k..
	,𝑃𝑅𝑆𝑇𝑀𝑎𝑥-𝑡,𝑘.=,,,𝑆𝑇𝐴𝑚𝑡-𝑡,𝑘.-,𝑤∈{1,..,𝐾}-,𝑆𝑇𝐴𝑚𝑡-𝑡,𝑤....∙𝑆𝑇𝑀𝑎𝑥.
	,PSUMax-t,k. = 0.
	If R ≤ 1, set ,PSUMax-t,k. = ,MLP-t,k. + min(,DR-t,k. , R∙,MDR-k.).
	If R > 1, set ,PSUMax-t,k. = ,MLP-t,k. + ,DR-t,k.  + ,PRSTMax-t,k.-SMLP-,STShareDR-k.∙,MDR-k..

	15.4 Steam Turbine Forced Outages
	15.5 Single-Cycle Mode Flag Across Two Dispatch Days
	15.6 Conversion of Pseudo-Unit Schedules to Physical Resource Schedules
	,CTE-t,k. = ,SEMLP-t,k.∙,CTShareMLP-k. + ,SEDR-h,k.∙,CTShareDR-k.;
	,STPE-t,k. = ,SEMLP-t,k.∙,STShareMLP-k. + ,SEDR-t,k.∙,STShareDR-k. + ,SEDF-t,k.;
	,RoomDR-t,k. = ,QDR-t,k.-,SEDR-t,k.;
	,10SDR-t,k. = min(,RoomDR-t,k.,,S10S-t,k.);
	,10NDR-t,k. = min(,RoomDR-t,k. -, 10SDR-t,k.,,S10N-t,k.);
	,30RDR-t,k. = min(,RoomDR-t,k.-, 10SDR-t,k.-, 10NDR-t,k.,,S30R-t,k.);
	,CT10S-t,k. = ,10SDR-t,k.∙,CTShareDR-k.;
	,STP10S-t,k. = ,10SDR-t,k.∙,STShareDR-k. + (,S10S-t,k.-, 10SDR-t,k.);
	,CT10N-t,k. = ,10NDR-t,k.∙,CTShareDR-k.;
	,STP10N-t,k. = ,10NDR-t,k.∙,STShareDR-k. + (,S10N-t,k.-, 10NDR-t,k.);
	,CT30R-t,k. = ,30RDR-t,k.∙,CTShareDR-k.; and
	,STP30R-t,k. = ,30RDR-t,k.∙,STShareDR-k. + (,S30R-t,k.-, 30RDR-t,k.)
	,𝑆𝑇𝐸-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃𝐸-𝑡,𝑘..;
	,𝑆𝑇10𝑆-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑆-𝑡,𝑘..;
	,𝑆𝑇10𝑁-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃10𝑁-𝑡,𝑘..; and
	,𝑆𝑇30𝑅-𝑡.=,𝑘=1,..,𝐾-,𝑆𝑇𝑃30𝑅-𝑡,𝑘...


	16 Pricing Formulas
	16.1 Purpose
	16.2 Sets, Indices and Parameters
	16.3 Locational Marginal Prices for Energy
	,InitLMP-t,b-1.  = ,InitPRef-t-1. + ,InitPLoss-t,b-1. + ,InitPCong-t,b-1.
	where:
	,InitPRef-t-1. = ,SPL-t-1.;
	Init,PLoss-t,b-1. = ,MglLoss-t,b-1.∙,SPL-t-1.;
	and
	If Init,PRef-t-1.>EngyPrcCeil , set ,PRef-t-1. = EngyPrcCeil
	If ,InitPRef-t-1. < EngyPrcFlr, set ,PRef-t-1. = EngyPrcFlr
	Otherwise, set ,PRef-t-1. = ,InitPRef-t-1.
	If ,InitLMP-t,b-1.>EngyPrcCeil, set ,LMP-t,b-1. = EngyPrcCeil
	If ,InitLMP-t,b-1. < EngyPrcFlr, set ,LMP-t,b-1. = EngyPrcFlr
	Otherwise, set ,LMP-t,b-1. = ,InitLMP-t,b-1.
	If ,PRef-t-1.≠,InitPRef-t-1., set ,PLoss-t,b-1. = ,MglLoss-t,b-1.∙,PRef-t-1.
	Otherwise, set ,PLoss-t,b-1. = ,InitPLoss-t,b-1.
	If ,LMP-t,b-1. -,PRef-t-1.-,PLoss-t,b-1. and Init,PCong-t,b-1. have the same mathematical sign, then set ,PCong-t,b-1.= ,LMP-t,b-1. -,PRef-t-1.-,PLoss-t,b-1.
	Otherwise, set ,PCong-t,b-1. = 0 and set ,PLoss-t,b-1. = ,LMP-t,b-1.-,PRef-t-1.
	If Init,ExtLMP-t,d-1.>EngyPrcCeil, set ,ExtLMP-t,d-1. = EngyPrcCeil
	If Init,ExtLMP-t,d-1. < EngyPrcFlr, set ,ExtLMP-t,d-1. = EngyPrcFlr
	Otherwise, set ,ExtLMP-t,d-1. = ,InitExtLMP-t,d-1.
	If ,ExtLMP-t,d-1. = ,IntLMP-t,d-1., set ,PExtCong-t,d-1. = 0 and ,PNISL-t,d-1. = 0
	If ,ExtLMP-t,d-1. ≠, IntLMP-t,d-1., set
	,PNISL-t,d-1. = (,ExtLMP-t,d-1.−,IntLMP-t,d-1.)∙,,,InitPNISL-h,d-1.-,InitPNISL-t,d-1. + ,InitPExtCong-t,d-1....
	If ,PNISL-t,d-1. > NISLPen, set ,PNISL-t,d-1. =  NISLPen
	If ,PNISL-t,d-1. < (-1)∙NISLPen, set ,PNISL-t,d-1. =  (-1)∙NISLPen
	Then ,PExtCong-t,d-1. = ,ExtLMP-t,d-1.-,IntLMP-t,d-1.-,PNISL-t,d-1.
	,ICP-t,d-1. = ,PExtCong-t,d-1. + ,PNISL-t,d-1.
	,VZonalP-t,m-1.  = ,PRef-t-1. + ,VZonalPLoss-t,m-1. +  ,VZonalPCong-t,m-1.
	where
	and
	,ZonalP-t,y-1.  = ,PRef-t-1. + ,ZonalPLoss-t,y-1. +  ,ZonalPCong-t,y-1.
	where:
	and
	,InitLMP-t,k-1. =,InitPRef-t-1. + ,InitPLoss-t,k-1. + ,InitPCong-t,k-1.
	where:
	,InitPRef-t-1.=,SPL-t-1.;
	Init,PLoss-t,k-1.=,MglLoss-t,k-1.∙,SPL-t-1.;
	and
	,MglLoss-t,k-1. =, CTShareMLP-k. ∙,CTMglLoss-t,k-1. +, STShareMLP-k. ∙,STMglLoss-t,k-1.
	,PreConSF-t,f.k. =, CTShareMLP-k.∙, CTPreConSF-t,f,k. +, STShareMLP-k.∙, STPreConSF-t,f,k.
	,SF-t,c,f,k. = ,CTShareMLP-k. ∙,CTSF-t,c,f,k. + ,STShareMLP-k. ∙,STSF-t,c,f,k.
	,MglLoss-t,k-1.=,CTShareDR-k.∙,CTMglLoss-t,k-1.+,STShareDR-k.∙,STMglLoss-t,k-1.
	,PreConSF-t,f,k. =, CTShareDR-k.∙, CTPreConSF-t,f,k. +, STShareDR-k.∙, STPreConSF-t,f,k.
	,SF-t,c,f,k. = ,CTShareDR-k. ∙,CTSF-t,c,f,k. +, STShareDR-k.∙, STSF-t,c,f,k.
	,MglLoss-t,k-1. =, STMglLoss-t,k-1.
	,PreConSF-t,f,k. =, STPreConSF-t,f,k.
	,SF-t,c,f,k. =, STSF-t,c,f,k.

	16.4 Locational Marginal Prices for Operating Reserve
	,InitL30RP-t,b-1. = ,InitP30RRef-t-1. + ,InitP30RCong-t,b-1.
	where
	Init,P30RRef-t-1. = ,SP30R-t-1.
	and
	If ,InitP30RRef-t-1.> ORPrcCeil , set ,P30RRef-t-1. = ORPrcCeil;
	If, InitP30RRef-t-1. < ORPrcFlr, set ,P30RRef-t-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-t-1. = ,InitP30RRef-t-1..
	If ,InitP10NRef-t-1.> ORPrcCeil , set ,P10NRef-t-1. = ORPrcCeil
	If ,InitP10NRef-t-1. < ORPrcFlr, set ,P10NRef-t-1. = ORPrcFlr
	Otherwise, set ,P10NRef-t-1. = ,InitP10NRef-t-1.
	If ,InitP10SRef-t-1.,ORPrcFlr > ORPrcCeil , set ,10SRef-t-1. = ORPrcCeil
	If ,InitP10SRef-t-1., ORPrcFlr < ORPrcFlr, set ,10SRef-t-1. = ORPrcFlr
	Otherwise, set ,10SRef-t-1. = ,InitP10SRef-t-1.
	If ,InitL30RP-t,b-1. > ORPrcCeil, set ,L30RP-t,b-1. = ORPrcCeil;
	If ,InitL30RP-t,b-1. < ORPrcFlr, set ,L30RP-t,b-1. = ORPrcFlr;
	Otherwise, set ,L30RP-t,b-1. = ,InitL30RP-t,b-1..
	If ,InitL10NP-t,b-1. > ORPrcCeil, set ,L10NP-t,b-1. = ORPrcCeil;
	If ,InitL10NP-t,b-1. < ORPrcFlr, set ,L10NP-t,b-1. = ORPrcFlr;
	Otherwise, set ,L10NP-t,b-1. = ,InitL10NP-t,b-1..
	If ,InitL10SP-t,b-1. > ORPrcCeil, set ,L10SP-t,b-1. = ORPrcCeil;
	If ,InitL10SP-t,b-1. < ORPrcFlr, set ,L10SP-t,b-1. = ORPrcFlr;
	Otherwise, set ,L10SP-t,b-1. = ,InitL10SP-t,b-1..
	Set ,P30RCong-t,b-1. = ,L30RP-t,b-1.-,P30RRef-t-1.;
	Set ,P10NCong-t,b-1. = ,L10NP-t,b-1.-,P10NRef-t-1.; and
	Set ,P10SCong-t,b-1. = ,L10SP-t,b-1.-,P10SRef-t-1..
	,InitExtL30RP-t,d-1. = ,InitP30RRef-t-1. + ,InitP30RIntCong-t,d-1. + ,InitP30RExtCong-t,d-1.
	where:
	,InitP30RRef-t-1. = ,SP30R-t-1.;
	,InitP30RIntCong-t,d-1. = ,r∈,ORREG-d.-,SPREGMin30R-t,r-1..-,r∈,ORREG-d.-, SPREGMax30R-t,r-1..;
	and
	,InitExtL10NP-t,d-1. = ,InitP10NRef-t-1. + ,InitP10NIntCong-t,d-1. + ,InitP10NExtCong-t,d-1.
	where:
	,InitP10NRef-t-1. = ,SP10R-t-1.  +  ,SP30R-t-1.;
	,InitP10NIntCong-t,d-1. =,r∈,ORREG-d.-,,SPREGMin10R-r,t-1. +, SPREGMin30R-r,t-1...-,r∈,ORREG-d.-,,SPREGMax10R-r,t-1. + ,SPREGMax30R-r,t-1...;
	and
	IntL30R = ,InitP30RRef-t-1. + ,InitP30RIntCong-t,d-1.;
	If ,InitP30RRef-t-1.> ORPrcCeil , set ,P30RRef-t-1. = ORPrcCeil;
	If ,InitP30RRef-t-1. < ORPrcFlr, set ,P30RRef-t-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-t-1. = ,InitP30RRef-t-1.;
	Set ,P30RIntCong-t,d-1. = ,ExtL30RP-t,b-1.-,P30RRef-t-1.;
	If ,InitExtL30RP-t,b-1. > ORPrcCeil , set ,ExtL30RP-t,b-1. = ORPrcCeil;
	If ,InitExtL30RP-t,b-1. < ORPrcFlr, set ,ExtL30RP-t,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-t,b-1.  = ,InitExtL30RP-t,b-1.; and
	Set ,P30RExtCong-t,d-1. = ,ExtL30RP-t,b-1.-,P30RRef-t-1.-,P30RIntCong-t,d-1.
	IntL10N = ,InitP10NRef-t-1. + ,InitP10NIntCong-t,d-1.;
	If ,InitP10NRef-t-1. > ORPrcCeil , set ,P10NRef-t-1. = ORPrcCeil;
	If ,InitP10NRef-t-1. < ORPrcFlr, set ,P10NRef-t-1. = ORPrcFlr;
	Otherwise, ,P10NRef-t-1.  = ,InitP10NRef-t-1.; and
	Set ,P10NIntCong-t,d-1. = ,L10NP-t,b-1.−,P10NRef-t-1.;
	If ,InitExtL10NP-t,b-1. > ORPrcCeil , set ,ExtL10NP-t,b-1. = ORPrcCeil;
	If ,InitExtL10NP-t,b-1. < ORPrcFlr, set ,ExtL10NP-t,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-t,b-1.  = ,InitExtL10NP-t,b-1.; and
	Set ,P10NExtCong-t,d-1. = ,ExtL10NP-t,b-1. -, P10NRef-t-1.-, P10NIntCong-t,d-1.
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	Otherwise, set ,SDGInitSch-0,b .= ,TelUp-0,b..
	If ,SDLSch-0,b-Prev.  ≤  ,SDLPrc-0,b-Prev. ≤ ,SDLInitSch-0,b. or ,SDLInitSch-0,b .≤ ,SDLPrc-0,b-Prev.≤ ,SDLSch-0,b-Prev., then set ,SDLInitPrc-0,b.= ,SDLInitSch-0,b.;
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	If ,SDGSch-0,b-Prev.  ≤  ,SDGPrc-0,b-Prev. ≤ , SDGInitSch-0,b. or ,SDGInitSch-0,b. ≤  ,SDGPrc-0,b-Prev. ≤  ,SDGSch-0,b-Prev. then set ,SDGInitPrc-0,b. =  ,SDGInitSch-0,b.;
	Otherwise set ,SDGInitPrc-0,b. =  ,SDGPrc-0,b-Prev..
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	8.6.1 Non-Quick Start Resource Start-up and Shutdown
	and


	8.7 Constraints for Reliability Requirements
	,With-i,d. = ,FXLSch-i,d..
	,Inj-i,d. = ,FIGSch-i,d..
	For interval i ∈ I, the energy balance shall be:
	and
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	9 Real-Time Pricing
	9.1 Purpose
	9.2 Information, Sets, Indices and Parameters
	9.3 Variables and Objective Function
	9.4 Constraints
	9.5 Dispatch Data Constraints Applying to Individual Intervals
	where ,AtMLP-i,b-RTP. is determined in accordance with section 9.8.1.

	9.6 Dispatch Data Inter-Interval/Multi-Interval Constraints
	9.7 Constraints for Reliability Requirements
	9.8 Constraints to Ensure the Price Setting Eligibility of Offer/Bid Laminations
	,AtZero-i,b-RTP. = ,AtZero-i,b..
	,SU-i,b-RTP. = ,SU-i,b..
	,EvalSD-i,b-RTP. = 0.

	9.9 Outputs

	10 Pseudo-Unit Modelling
	10.1 Pseudo-Unit Model Parameters
	,CMCR-k. + SMCR∙,STPortion-k.∙(1−,CSCM-k.)
	,CMLP-k.+ SMLP∙(1−,CSCM-k.)
	SDF∙,STPortion-k.∙(1−,CSCM-k.)
	,MMCR-k. −,MMLP-k.−,MDF-k.
	,STShareDR-k.=,(1−,CSCM-k.)(SMCR∙,STPortion-k.−SMLP-SDF∙,STPortion-k.)-,MDR-k..; and
	,CTShareDR-k.=,,CMCR-k.−,CMLP-k.-,MDR-k..; and

	10.2 Application of Physical Resource Deratings to the Pseudo-Unit Model
	If ,TotalQ-i,k. <, MMLP-k., then:
	Calculate  ,CTAmt-i,k. = 0;and
	Calculate ,STAmt-i,k. = 0.
	Otherwise:
	CTAmtMLP =,MMLP-k.∙,CTShareMLP-k.; and
	STAmtMLP =,MMLP-k.∙,STShareMLP-k..
	If ,TotalQ-i,k. > ,MMLP-k.+,MDR-k., then:
	CTAmtDR = ,MDR-k.∙,CTShareDR-k.;
	STAmtDR = ,MDR-k.∙,STShareDR-k.; and
	STAmtDF = (1−,CSCM-k.)∙(,TotalQ-i,k.−,MMLP-k.−,MDR-k.).
	Otherwise:
	CTAmtDR = ,(TotalQ-i,k.−,MMLP-k.)∙,CTShareDR-k.;
	STAmtDR = ,(TotalQ-i,k.−,MMLP-k.)∙,STShareDR-k.;
	STAmtDF = 0;
	,CTAmt-i,k.= CTAmtMLP + CTAmtDR; and
	,STAmt-i,k.=STAmtMLP +STAmtDR +STAmtDF.
	,PRSTCap-i,k.=,,,STAmt-i,k.-,w ∈ {1,..,K}-,STAmt-i,w....∙,STCap-i.
	If ,CTAmt-i,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,STAmt-i,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	If ,CTCap-i,k. < ,CMLP-k., then the pseudo-unit is unavailable.
	If ,PRSTCap-i,k. < SMLP∙(1−,CSCM-k.), then the pseudo-unit is unavailable.
	Set ,MLP-i,k. = ,MMLP-k..
	Set ,DR-i,k. = ,MDR-k..
	Set ,DF-i,k. = ,MDF-k..
	Calculate P so that ,CMLP-k. + P∙,CTShareDR-k.∙,MDR-k. = ,CTCap-i,k.; and
	Set ,DR-i,k. = min(,DR-i,k. , P∙,MDR-k.).
	Calculate R so that SMLP+R∙,STShareDR-k.∙,MDR-k. = ,PRSTCap-i,k..
	If R ≤ 1, update ,DF-i,k. = 0, and ,DR-i,k. = min(,DR-i,k. ,  R∙,MDR-k.).
	If R > 1, update ,DF-i,k. = min(,DF-i,k.,,PRSTCap-i,k.−SMLP−,STShareDR-k.∙,MDR-k.).
	0 ≤ ,QMLP-i,k .≤, MLP-i,k.;
	0 ≤ ,QDR-i,k. ≤ ,DR-i,k.;
	0 ≤, QDF-i,k .≤, DF-i,k.;
	if ,QMLP-i,k .< ,MLP-i,k., then the pseudo-unit is unavailable and ,QDR-i,k. = ,QDF-i,k .= 0; and
	if ,QDR-i,k .< ,DR-i,k., then ,QDF-i,k. = 0.

	10.3 Convert Physical Resource Constraints to Pseudo-Unit Constraints
	where Q designates the number of constraints impacting a combined cycle facility that have been provided to the real-time calculation engine.
	If CTMin < ,MLP-i,k.∙,CTShareMLP-k., then set
	STMinMLP = CTMin∙,,,STShareMLP-k.-,CTShareMLP-k...,
	STMinDR = 0.
	Otherwise, if CTMin ≥, MLP-i,k.∙,CTShareMLP-k., then set
	STMinMLP = ,MLP-i,k.∙,STShareMLP-k.,
	STMinDR = ,CTMin-,MLP-i,k.∙,CTShareMLP-k..∙,,,STShareDR-k.-,CTShareDR-k....
	Therefore:
	,PSUMin-i,k. = CTMin + STMinMLP + STMinDR.
	,PSUMin-i,k .= CTMin.
	If CTMax < ,MLP-i,k.∙,CTShareMLP-k., then ,PSUMax-i,k. = 0 and the pseudo-unit is unavailable.
	Otherwise, calculate the value of the constraint on the steam turbine within the minimum loading point and dispatchable regions:
	STMaxMLP = ,MLP-i,k.∙,STShareMLP-k.
	STMaxDR = ,CTMax-,MLP-i,k.∙,CTShareMLP-k..∙,,,STShareDR-k.-,CTShareDR-k...
	,PSUMax-i,k. = CTMax + STMaxMLP + STMaxDR
	,PSUMax-i,k. = CTMax.
	,STCap-k. = ,QMLP-i,k.∙,STShareMLP-k. + ,QDR-i,k.∙,STShareDR-k. + ,QDF-i,k..
	If ,STPMin-k. <, MLP-i,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. =, STPMin-k.∙,,,CTShareMLP-k.-,STShareMLP-k...; and
	,CTMinDR-k. = 0.
	Otherwise, if ,STPMin-k. ≥ ,MLP-i,k.∙,STShareMLP-k., then set
	,CTMinMLP-k. = ,MLP-i,k.∙,CTShareMLP-k.; and
	,CTMinDR-k. = ,,STPMin-k.-,MLP-i,k.∙,STShareMLP-k..∙,,,CTShareDR-k.-,STShareDR-k....
	Therefore:
	,PSUMin-i,k. =, STPMin-k. +, CTMinMLP-k. +, CTMinDR-k..
	,PRSTMax-i,k. = ,,,STAmt-i,k.-,w∈{1,..,K}-,STAmt-i,w....∙STMax.
	If the converted steam turbine maximum constraint limits the steam turbine portion to below its minimum loading point, then
	,PSUMax-i,k. = 0.
	Otherwise, calculate R so that SMLP + R∙,STShareDR-k.∙,MDR-k .= ,PRSTMax-i,k.
	If R ≤ 1, set ,PSUMax-i,k. =, MLP-i,k. + min(,DR-i,k. , R∙,MDR-k.).
	If 𝑅>1, set ,PSUMax-i,k.=, MLP-i,k. + ,DR-i,k.  +, PRSTMax-i,k.-SMLP-,STShareDR-k.∙,MDR-k..

	10.4 Steam Turbine Forced Outages
	10.5 Determination of Energy Management System MW Values for Pseudo-Units
	10.5.2.1.1 ,CTMLPTel-k. , which designates the MW value assigned to the combustion turbine’s share of the minimum loading point region and is calculated as follows:
	,CTMLPTel-k. = min,,CTTel-k. ,,CTShareMLP-k.∙,TMLP-k. ..
	10.5.2.1.2 ,CTDRTel-k. , which designates the MW value assigned to the combustion turbine’s share of the dispatchable region and is calculated as follows:
	If ,CTMLPTel-k. <,CTTel-k., then set ,CTDRTel-k. = min,(,CTTel-k.-,CTMLPTel-k.) , ,CTShareDR-k.∙,TDR-k. .
	Otherwise, set ,CTDRTel-k. = 0.
	10.5.2.2.1 ,STMLPMax-k. designates the maximum MW value that may be assigned to the steam turbine’s share of the minimum loading point region and is calculated as follows:
	,STMLPMax-k. =, CTMLPTel-k.∙,,,STShareMLP-k.-,CTShareMLP-k....
	10.5.2.2.2 ,STDRMax-k. designates the maximum MW value that may be assigned to the steam turbine’s share of the dispatchable region and is calculated as follows:
	,STDRMax-k. =, CTDRTel-k.∙,,,STShareDR-k.-,CTShareDR-k....
	If (,CTMLPTel-k. + ,CTDRTel-k.+,STMLPTel-k.+,STDRTel-k.) ≥ ,TMLP-k. +,TDR-k., then set ,STDFMax-k. = ,TDF-k.
	Otherwise, set ,STDFMax-k. = 0.
	,PSUTel-k. = ,CTMLPTel-k. + ,CTDRTel-k .+ ,STMLPTel-k. + ,STDRTel-k .+ ,STDFTel-k..

	10.6 Conversion of Pseudo-Unit Schedules to Physical Resource Schedules
	,CTE-i,k. = ,SEMLP-i,k.∙,CTShareMLP-k. + ,SEDR-i,k.∙,CTShareDR-k.;
	,STPE-i,k. = ,SEMLP-i,k.∙,STShareMLP-k. + ,SEDR-i,k.∙,STShareDR-k. + ,SEDF-i,k.;
	,RoomDR-i,k. = ,QDR-i,k.−,SEDR-i,k.;
	,10SDR-i,k. = min(,RoomDR-i,k.,,S10S-i,k.);
	,10NDR-i,k. = min(,RoomDR-i,k.−,10SDR-i,k.,,S10N-i,k.);
	,30RDR-i,k. = min(,RoomDR-i,k.−,10SDR-i,k.−,10NDR-i,k.,,S30R-i,k.);
	,CT10S-i,k. = ,10SDR-i,k.∙,CTShareDR-k.;
	,STP10S-i,k. = ,10SDR-i,k.∙,STShareDR-k. + (,S10S-i,k.−,10SDR-i,k.);
	,CT10N-i,k. = ,10NDR-i,k.∙,CTShareDR-k.;
	,STP10N-i,k. = ,10NDR-i,k.∙,STShareDR-k. + (,S10N-i,k.−,10NDR-i,k.);
	,CT30R-i,k. = ,30RDR-i,k.∙,CTShareDR-k.; and
	,STP30R-i,k. = ,30RDR-i,k.∙,STShareDR-k. + (,S30R-i,k. −,30RDR-i,k.).
	,CTE-i,k .= ,SE-i,k.; and
	,STPE-i,k .= 0.
	If ,,,STPE-i-1,k.-,STPE-i-1,k.+,CTE-i-1,k...< ,STShareMLP-k., then
	,CTE-i,k. = ,CTE-i-1,k.,
	,STPE-i,k. =, SE-i,k.−,CTE-i-1,k..
	Otherwise:
	,CTE-i,k. =, SE-i,k.∙,CTShareMLP-k.; and
	,STPE-i,k. = ,SE-i,k.∙,STShareMLP-k..
	,CTE-i,k. = ,SE-i,k.; and
	,STPE-i,k. = 0.
	,CTE-i,k. =, SE-i,k.∙,CTShareMLP-k.; and
	,STPE-i,k. =, SE-i,k.∙,STShareMLP-k..
	,S10S-i,k. =, S10N-i,k. =, S30R-i,k.= 0;
	,CT10S-i,k.= 0;
	,𝑆𝑇𝑃10𝑆-𝑖,𝑘.=0;
	,CT10N-i,k.= 0;
	,STP10N-i,k .= 0;
	,CT30R-i,k. = 0; and
	,STP30R-i,k. = 0.


	11 Pricing Formulas
	11.1 Purpose
	11.2 Sets, Indices and Parameters
	11.3 Locational Marginal Prices for Energy
	and
	If Init,PRef-i-1. > EngyPrcCeil , set ,PRef-i-1. = EngyPrcCeil
	If ,InitPRef-i-1. < EngyPrcFlr, set ,PRef-i-1. = EngyPrcFlr
	Otherwise, set ,PRef-i-1.=,InitPRef-i-1.
	If ,InitLMP-i,b-1. > EngyPrcCeil, set ,LMP-i,b-1. = EngyPrcCeil.
	If ,InitLMP-i,b-1. < EngyPrcFlr, set ,LMP-i,b-1. = EngyPrcFlr.
	Otherwise, set ,LMP-i,b-1.=,InitLMP-i,b-1.
	If ,PRef-i-1. ≠ ,InitPRef-i-1., set ,PLoss-i,b -1.= ,MglLoss-i,b.∙,PRef-i-1.
	Otherwise, set ,PLoss-i,b-1. = ,InitPLoss-i,b-1.
	If ,LMP-i,b-1. −,PRef-i-1.−,PLoss-i,b-1. and Init,PCong-i,b-1. have the same mathematical sign, then set ,PCong-i,b-1.= ,LMP-i,b-1. −,PRef-i-1.−,PLoss-i,b-1.
	Otherwise, set ,PCong-i,b-1.=0 and set ,PLoss-i,b-1. =, LMP-i,b-1.−,PRef-i-1.
	where
	and
	where:
	and
	where
	and
	If ,InitExtLMP-i,d-1. > EngyPrcCeil, set ,ExtLMP-i,d-1. = EngyPrcCeil.
	If ,InitExtLMP-i,d-1. < EngyPrcFlr, set ,ExtLMP-i,d-1. = EngyPrcFlr.
	Otherwise, set ,ExtLMP-i,d-1. = ,InitExtLMP-i,d-1..
	If ,ExtLMP-i,d-1. = ,IntLMP-i,d-1., set ,PExtCong-i,d-1. = 0 and ,PNISL-i,d-1. = 0.
	If ,ExtLMP-i,d-1. ≠, IntLMP-i,d-1., then set
	,PNISL-i,d-1. = (,ExtLMP-i,d-1.−,IntLMP-i,d-1.)∙,,,InitPNISL-i,d-1.-,InitPNISL-i,d-1.+,InitPExtCong-i,d-1....
	If ,PNISL-i,d-1. > NISLPen, then set ,PNISL-i,d-1. =  NISLPen;
	If ,PNISL-i,d-1. < (−1)∙NISLPen, then set ,PNISL-i,d-1. =  (−1)∙NISLPen; and
	Set ,PExtCong-i,d-1. = ,ExtLMP-i,d-1.−,IntLMP-i,d-1.−,PNISL-i,d-1.
	,ICP-i,d-1. = ,PExtCong-i,d-1. + ,PNISL-i,d-1..
	where:
	and
	,InitLMP-i,k-1. =,InitPRef-i-1. + ,InitPLoss-i,k-1. + ,InitPCong-𝑖,k-1.
	where:
	,InitPRef-i-1.=,SPL-i-1.;
	Init,PLoss-i,k-1.=,MglLoss-i,k-1.∙,SPL-𝑖-1.;
	and
	,MglLoss-i,k-1.=, CTShareMLP-k.∙,CTMglLoss-i,k-1. +, STShareMLP-k.∙,STMglLoss-i,k-1.
	,PreConSF-i,f.k. =, CTShareMLP-k.∙,CTPreConSF-i,f,k. +, STShareMLP-k.∙,STPreConSF-i,f,k.
	,SF-i,c,f,k. = ,CTShareMLP-k.∙,CTSF-i,c,f,k. +, STShareMLP-k.∙,STSF-i,c,f,k.
	,MglLoss-i,k-1. =, CTShareDR-k.∙,CTMglLoss-i,k-1. +, STShareDR-k.∙,STMglLoss-i,k-1.
	,PreConSF-i,f,k. =, CTShareDR-k.∙,CTPreConSF-i,f,k. +, STShareDR-k.∙,STPreConSF-i,f,k.
	,SF-i,c,f,k. = ,CTShareDR-k.∙,CTSF-i,c,f,k. + ,STShareDR-k.∙,STSF-i,c,f,k.
	,MglLoss-i,k-1. =, STMglLoss-i,k-1.
	,PreConSF-i,f,k. = ,STPreConSF-i,f,k.
	,SF-i,c,f,k. =, STSF-i,c,f,k.

	11.4 Locational Marginal Prices for Operating Reserve
	where:
	and
	and
	and
	If ,InitP30RRef-i-1.>ORPrcCeil, set ,P30RRef-i-1. = ORPrcCeil;
	If, InitP30RRef-i-1. < ORPrcFlr, set, P30RRef-i-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-t-1. = ,InitP30RRef-i-1..
	If ,InitP10NRef-i-1.>ORPrcCeil, set ,P10NRef-i-1. = ORPrcCeil
	If ,InitP10NRef-i-1. < ORPrcFlr, set ,P10NRef-i-1. = ORPrcFlr
	Otherwise, set ,P10NRef-i-1. = ,InitP10NRef-i-1.
	If ,InitP10SRef-i-1.,ORPrcFlr >ORPrcCeil , set ,P10SRef-i-1.= ORPrcCeil
	If ,InitP10SRef-i-1.,ORPrcFlr  < ORPrcFlr, set ,P10SRef-i-1. = ORPrcFlr
	Otherwise, set ,P10SRef-i-1. = ,InitP10SRef-i-1.
	If ,InitL30RP-i,b-1.>ORPrcCeil, set ,L30RP-i,b-1. = ORPrcCeil;
	If ,InitL30RP-i,b-1. < ORPrcFlr, set ,L30RP-i,b-1. = ORPrcFlr;
	Otherwise, set ,L30RP-i,b-1. = ,InitL30RP-i,b-1..
	If ,InitL10NP-i,b-1.>ORPrcCeil, set ,L10NP-i,b-1. = ORPrcCeil;
	If ,InitL10NP-i,b-1. < ORPrcFlr, set ,L10NP-i,b-1. = ORPrcFlr;
	Otherwise, set ,L10NP-i,b-1.= ,InitL10NP-i,b-1..
	If ,InitL10SP-i,b-1. >ORPrcCeil, set ,L10SP-i,b-1. = ORPrcCeil;
	If ,InitL10SP-i,b-1. < ORPrcFlr, set ,L10SP-i,b-1. = ORPrcFlr;
	Otherwise, set ,L10SP-i,b-1. = ,InitL10SP-i,b-1..
	Set ,P30RCong-i,b-1. =, L30RP-i,b-1.−,P30RRef-i-1.;
	Set ,P10NCong-i,b-1. =, L10NP-i,b-1.−,P10NRef-i-1.; and
	Set ,P10SCong-i,b-1. = ,L10SP-i,b-1.−,P10SRef-i-1..
	where:
	and
	and
	and
	and
	and
	and
	IntL30R =,InitP30RRef-i-1.+,InitP30RIntCong-i,d-1.
	If ,InitP30RRef-i-1. > ORPrcCeil , set ,P30RRef-i-1. = ORPrcCeil;
	If,InitP30RRef-i-1. < ORPrcFlr, set ,P30RRef-i-1. = ORPrcFlr;
	Otherwise, set ,P30RRef-i-1. = ,InitP30RRef-i-1.;
	Set ,P30RIntCong-i,d-1. = ,ExtL30RP-i,b-1.−,P30RRef-i-1.;
	If ,InitExtL30RP-i,b-1. > ORPrcCeil , set ,ExtL30RP-i,b-1. = ORPrcCeil;
	If ,InitExtL30RP-i,b-1. < ORPrcFlr, set ,ExtL30RP-i,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-i,b-1.  = ,InitExtL30RP-i,b-1.; and
	Set ,P30RExtCong-i,d-1. = ,ExtL30RP-i,b-1.−,P30RRef-i-1.−,P30RIntCong-i,d-1.
	IntL10N=,InitP10NRef-i-1.+,InitP10NIntCong-i,d-1.
	If ,InitP10NRef-i-1. > ORPrcCeil , set ,P10NRef-i-1. = ORPrcCeil;
	If ,InitP10NRef-i-1. < ORPrcFlr, set ,P10NRef-i-1. = ORPrcFlr;
	Otherwise, ,P10NRef-i-1.  = ,InitP10NRef-i-1.; and
	Set ,P10NIntCong-i,d-1. = ,L10NP-i,b-1.−,P10NRef-i-1.
	If ,InitExtL10NP-i,b-1. > ORPrcCeil , set ,ExtL10NP-i,b-1. = ORPrcCeil;
	If ,InitExtL10NP-i,b-1. < ORPrcFlr, set ,ExtL10NP-i,b-1. = ORPrcFlr;
	Otherwise, ,ExtL30RP-i,b-1.  = ,InitExtL10NP-i,b-1.; and
	Set ,P10NExtCong-i,d-1. = ,ExtL10NP-i,b-1.−,P10NRef-i-1.−,P10NIntCong-i,d-1.
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