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Disclaimer

Disclaimer

All information contained in this draft Business Requirements Specification (BRS) as provided by the California
Independent System Operator Corporation (ISO) is prepared for discussion and information purposes only. The
draft BRS is provided “as is” without representation or warranty of any kind, including, without limitation, a
representation or warranty as to accuracy, completeness, or appropriateness for any particular purpose. The
draft BRS shall be revised as the development and review of the business requirements progresses. The ISO
assumes no responsibility for the consequences of any errors or omissions. The ISO may revise or withdraw all
or part of this information at any time at its discretion without notice.
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Revision History

Date

Version

Description

1/28/2021

1.0

Initial Document release

07/29/2022

11

Updated Document release

Minor formatting changes throughout the document.
Section 2 (Details of Business Need/Problem)

o Changed project release date.
Section 5.1 (Manage RTM)

o Added some notes.

o Added FRPDY-BRQ104 through FRPDY -
BRQ111C.

Section 5.2 (Manage Billing & Settlements)

o Added FRPDY-BRQ112 thru FRPDY-BRQ112B,
FRPDY-BRQ117A, FRPDY-BRQ122A.

o Edited the following BRQs: FRPDY-BRQ112D,
FRPDY-BRQ113, FRPDY-BRQ115, FRPDY-
BRQ116, FRPDY-BRQ117, FRPDY-BRQ118
thru FRPDY-BRQ122.

Section 5.3 (Manage OASIS)
o Added FRPDY-BRQ124, FRPDY-BRQ124A.
o Deleted some BRQs.

o Edited the following BRQs: FRPDY-BRQ125
thru FRPDY-BRQ131, FRPDY-BRQ137,
FRPDY-BRQ138, FRPDY-BRQ138A.

Deleted PCA requirements.
Section 5.4 (Manage CMRI)
o Added FRPDY-BRQ138B.
Section 5.5 (Market/Business Simulation)
o Added a note.
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Date Version Description

e Appendix A

o Made minor updates to graphs in section 6.4.2
(Flex Ramp Capacity Model).

e Section 3.1 (BPM)

o Updated to add Demand Response BPM
impact.

e FRPDY-BRQO004, FRPDY-BRQOO05, FRPDY-BRQO014,
FRPDY-BRQO15, FRPDY-BRQO16, FRPDY-BRQO17,
FRPDY-BRQO019, FRPDY-BRQO020, FRPDY-BRQO021,
FRPDY-BRQ022, FRPDY-BRQ024, FRPDY-BRQO025,
FRPDY-BRQO026, FRPDY-BRQO027, FRPDY-BRQO028,
FRPDY-BRQO029

o Updated the formulation to reverse the sign of S
and W terms.

e FRPDY-BRQO006, FRPDY-BRQO018, FRPDY-BRQO023, ,
FRPDY-BRQO030
08/19/2022 1.2 o Updated the formulation
o Updated note, as applicable.
¢ FRPDY-BRQO17

o Corrected BRQ ID from FRPDY-BRQ117 to
FRPDY-BRQO17.

e FRPDY-BRQO026, FRPDY-BRQO029, FRPDY-BRQO70,
FRPDY-BRQO71, FRPDY-BRQO72, FRPDY-BRQO73,
FRPDY-BRQO080, FRPDY-BRQO081, FRPDY-BRQ101A,
FRPDY-BRQ137, FRPDY-BRQ138

o Updated.
e FRPDY-BRQO70 thru FRPDY-BRQ103
o Updated BRQ ID.
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FRPDY-BRQO73A, FRPDY-BRQ101B, FRPDY-
BRQ109, FRPDY-BRQ111D, FRPDY-BRQ111E,
FRPDY-BRQ111F

o Added.
FRPDY-BRQO080, FRPDY-BRQO081, FRPDY-BRQ108

o Changed Requirement Types to Existing System
Functionality.

FRPDY-BRQ24, FRPDY-BRQ124A, FRPDY-BRQ127,
FRPDY-BRQ128

o Updated BPM info.
FRPDY-BRQ138A, Appendix-B
o Deleted.
FRPDY-MKT001, FRPDY-MKTO002
o Added CMRI as sink system.
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1 Introduction

1.1 Purpose

With regards to FRP Deliverability, the procurement of Flexible ramping product (FRP) is based on
opportunity costs that arises from trade-offs between the need for energy and the need for ramping
capability. The current market does not consider the locational constraints when procuring the flexible
ramping product. This results in procuring flexible ramp awards that may not be fully deliverable.

Nodal procurement ensures that both energy and flexible ramp awards are transmission feasible. This
nodal approach addresses operational concerns that flexible ramping capacity may not be dispatchable
and more accurately prices individual resource’s flexible ramp capacity. The goal of this initiative is to not
eliminate stranded ramping capability when system conditions change.

The scope of the FRP Deliverability is:

Procurement of FRP for BAA'’s that fails the flex test is separate for each BAA.

Procurement of FRP for BAA’s that pass the flex test for the entire group of BAA.

Transmission constraints and transfer limits are enforced in FRP deployment scenarios.
Distributing the uncertainty requirement in each BAA load and VER locations versus just load.
Distributing the demand curve surplus variable as a decision variable at load aggregation points
(LAP) versus Balancing Authority Areas (BAA).

To establish the Locational Marginal Capacity Prices (LMCP) for FRP.

agrwONE

IS

1.2 References

Information related to this Flexible Ramping Product: Deliverability can be found on the following CAISO
web page at:

http://www.caiso.com/InitiativeDocuments/DraftFinalProposal-FlexibleRampingProductRefinements. pdf
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2 Details of Business Need/Problem
2.1 Description

Business Opportunity/Problem Statement:

Procurement of flexible ramping product (FRP) is based on
opportunity costs that arises from trade-offs between the need for
energy and the need for ramping capability. The current market
does not consider the locational constraints when procuring the
flexible ramping product. This results in procuring flexible ramp
awards that may not be fully deliverable.

What:

Nodal procurement ensures that both energy and flexible ramp
awards are transmission feasible. This nodal approach addresses
operational concerns that flexible ramping capacity may not be
dispatchable and more accurately prices individual resource’s
flexible ramp capacity.

When: Fall 2022

The flexible ramping product secures additional ramping capability
that can be dispatched in the subsequent market runs to cover
uncertainty in forecasted net load.

Why do we have this
opportunity/problem:
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3 Business Impacts
3.1 Business Practice Manual (BPM)

BPM

Description of Impact(s)

Demand Response

5 minute to 60 minute for the bid
dispatchable election.

Tariff 84.13.3

Updated to change the default election from

Market Operations

Yes

Market Instruments

Yes
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3.2 Other
Impact: Description:
Yes
e Market sim needed for calculation of FRP
Market Simulation requirements & demand curve (FRP
Requirements Enhancements)
e Nodal FRP procurement (FRP Deliverability)
Yes
e Toimprove the FRP requirements to be more
Market Participant Impact accurate based on historical information
e Nodal FRP procurement and efficient FRP
Deployment scenarios
External Training Yes
Policy Initiative Yes
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4  Acronyms and Terms Definition

Acronym Definition

FRP Flexible Ramping Product

BAA Balancing Authority Area

LMP Locational Marginal Pricing

LMCP Locational Marginal Corrective Capacity

LAP Load Aggregation Point Group

VER Variable Energy Resource

FRU Flex Ramp up

FRD Flex Ramp Down

ETSR Energy Transfer System resource

GHG Green House Gas

SMEC System marginal Energy Cost

ITC/ISL Intertie Transmission Constraint / Interchange

Scheduling Limit
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5 Business Requirements

The sections below describe the Business processes and the associated business requirements involved
in the project. These may represent high-level functional, non-functional, reporting, and/or infrastructure
requirements. These business requirements directly relate to the high-level scope items determined for

the project.

5.1 Business Process: Manage Real Time Market

5.1.1 Business Requirements

entire EIM Area:

e the 5min High Percentile net demand forecast uncertainty
histogram (NDZ°7-5)

¢ the 5min High Percentile demand forecast uncertainty histogram
(07%)

¢ the 5min High Percentile adjusted solar forecast uncertainty
histogram (S97-5)

¢ the 5min High Percentile adjusted wind forecast uncertainty
histogram (W£°7-%)

e the 5min Low Percentile net demand forecast uncertainty
histogram (NDI2%)

e the 5min Low Percentile demand forecast uncertainty histogram
(DE)

Tariff §44.2.4.2

Potential
ID# Business Feature SERUIENETT | AP plIEeie
Type n(s)

Impacted
FRPDY- | The system shall be capable of identifying BAA groups and their Core RTBS
BRQO01 | BAA membership. STUC

RTPD

RTD
FRPDY- | The system shall receive the following 5min data for each Trading Core RTD
BRQO02 | Hour in the Trading Day for each BAA in the EIM Area and for the
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Potential
ID# Business Feature Requirement | Applicatio
Type n(s)
Impacted

the 5min Low Percentile adjusted solar forecast uncertainty
histogram (S2%)

the 5min Low Percentile adjusted wind forecast uncertainty
histogram (W125)

the second-order polynomial coefficients (42°7-°, B97%, C297-5) of
the High Percentile quadratic quantile regression of 5min
demand forecast uncertainty

the second-order polynomial coefficients (43°7->, Bs°7-%, C5°7-°) of
the High Percentile quadratic quantile regression of 5min
adjusted solar forecast uncertainty

the second-order polynomial coefficients (A%°7-°, BW97-5,clV97-5)
of the High Percentile quadratic quantile regression of 5min
adjusted wind forecast uncertainty

the second-order polynomial coefficients (422>, BP%5, ¢P25) of
the Low Percentile quadratic quantile regression of 5min demand
forecast uncertainty

the second-order polynomial coefficients (432>, B3>, C5%°) of the
Low Percentile quadratic quantile regression of 5min adjusted
solar forecast uncertainty

the second-order polynomial coefficients (4% %5, B¥2>, c¥%5) of
the Low Percentile quadratic quantile regression of 5min
adjusted wind forecast uncertainty

the second-order polynomial coefficients (A¥°7->, BY97-5, c}197-5)
of the High Percentile quadratic quantile regression of 5min
MOSAIC forecast uncertainty

the second-order polynomial coefficients (A¥2>, B>, C}%-5) of
the Low Percentile quadratic quantile regression of 5min
MOSAIC forecast uncertainty

the 5min High Percentile Threshold net demand forecast
uncertainty histogram (ND£°°)

the 5min Low Percentile Threshold net demand forecast
uncertainty histogram (ND£*1)
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Potential
ID# Business Feature Req_llj_l;sg"lent App;llzg;mo
Impacted
FRPDY- | The system shall receive the following 15min data for each Trading Core RTBS

BRQO03 | Hour in the Trading Day for each BAA in the EIM Area and for the

entire EIM Area: Tariff 844.2.4.2 | STUC

o . . RTPD
e the 15min High Percentile net demand forecast uncertainty
histogram (ND27-5

e the 15min High Percentile demand forecast uncertainty
H97.5

histogram (D;s
e the 15min High Percentile adjusted solar forecast uncertainty
histogram (S&7->

¢ the 15min High Percentile adjusted wind forecast uncertainty
histogram (W75

e the 15min Low Percentile net demand forecast uncertainty
histogram (N D25

e the 15min Low Percentile demand forecast uncertainty histogram
(i

e the 15min Low Percentile adjusted solar forecast uncertainty
H2.5

histogram (S;=
e the 15min Low Percentile adjusted wind forecast uncertainty
histogram (W/1*5

e the second-order polynomial coefficients (4227-5, B27-5, CP27-5) of

the High Percentile quadratic quantile regression of 15min
demand forecast uncertainty

e the second-order polynomial coefficients (4327, Bf2”>, C127°) of
the High Percentile quadratic quantile regression of 15min
adjusted solar forecast uncertainty

e the second-order polynomial coefficients (A7, BY.?7-5, {497
of the High Percentile quadratic quantile regression of 15min
adjusted wind forecast uncertainty

e the second-order polynomial coefficients (42%°, BP2-5, CP2-5) of

the Low Percentile quadratic quantile regression of 15min
demand forecast uncertainty
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Potential
ID# Business Feature SEUITENETT | AEIEEiE
Type n(s)
Impacted
e the second-order polynomial coefficients (452, By, C;2°) of the
Low Percentile quadratic quantile regression of 15min adjusted
solar forecast uncertainty
e the second-order polynomial coefficients (4%*°, B¥2>, C%25) of
the Low Percentile quadratic quantile regression of 15min
adjusted wind forecast uncertainty
e the second-order polynomial coefficients (42£7-5, BM%7-5, ¢M97-5
of the High Percentile quadratic quantile regression of 15min
MOSAIC forecast uncertainty
e the second-order polynomial coefficients (432>, B}2>, cM2-5) of
the Low Percentile quadratic quantile regression of 15min
MOSAIC forecast uncertainty
e the 15min High Percentile Threshold net demand forecast
uncertainty histogram (NDf%°
e the 15min Low Percentile Threshold net demand forecast
uncertainty histogram (NDft!
FRPDY- | The system shall calculate the 15min FRU requirement for each Core RTBS
BRQO04 | 15min interval of the next Trading Hour for each BAA in the EIM BPM: Market
Area and for the entire EIM Area, as a function of net demand (nd), Operéti ons
demand (d), solar (s), and wind (w) forecast as follows: Section 7.1.3
FRURys = AYS7S (MEZ75)" + BY™S M{Z"S + IS Tariff §44.2.4.2
Where:
M{77*(nd,d,s,w) = ND{Z75 — (DfY75 — S5 — wi25) +
(D7 (@) - 5123(5) - Wiz 5(w))
D{75975(d) = A?;W.S dZ + Bf597'5 d + C{_)597.5
SP25(s) = A$25 52+ BS2S s + C52°
W2 (w) = AYZ® w? + BYE® w+ g%
FRPDY- | The system shall calculate the 15min FRD requirement for each Core RTBS
BRQOO05 | 15min interval of the next Trading Hour for each BAA in the EIM
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Potential
ID# Business Feature Requirement | Applicatio
Type n(s)
Impacted

Area and for the entire EIM Area, as a function of net demand (nd), BPM: Market
demand (d), solar (s), and wind (w) forecast as follows: Operations
Section 7.1.3

FRDR. = AM2:5 (MP25)? 4 gM25 pqP2.5 4 M2.5
15 = AL (MI2) 4 Bt MiZ2 + s Tariff §44.2.4.2

Where:
M{Z5(nd,d,s,w) = NDfi*® — (D25 — SH75 — Wlo75) 4+
(025 () = 51375 5) = Wi o)
DfZ5(d) = AY25 d? + B{Z® d + C2°
SlPs97.5(S) = Afg7.5 SZ + BiS'E‘,)7.5 s+ Ci‘§597.5

P97.5 — AW97.5 2 4 pW97.5 w97.5
Wi (w) = AT we + Big™ "> w+ (i

FRPDY- | The system shall bound the 15min FRU/FRD requirements for Core RTBS
BRQO06 | each 15min interval of the next Trading Hour for each BAA in the BPM: Market
EIM Area and for the entire EIM Area as follows: Operations

FRU_MIN_THRESHOLD, ND*, ) Section 7.1.3

FRUR,s = max (min ((ND}2?, FRUR, FRU_MAX THRESHOLD)) Tariff §44.2.4.2

—1 * FRD_MIN_THRESHOLD, ND}¥°, )

FRDR{5 = min <max ((NDll-lslr FRDR;s — 1 * FRD_MAX_THRESHOLD))

Note: FRU passing group and FRD passing group will use the
corresponding threshold defined for EIM_AREA.

FRPDY- | The system shall use the FRU/FRD requirements for each 15min Existing RTBS
BRQOO07 | interval of the next Trading Hour for each BAA in the EIM Area and System

for the entire EIM AREA, to perform the FRU/FRD sufficiency test for | Functionality
each BAA in the EIM Area. Tariff §29.34

Note: The FRU/FRD requirements for the EIM Area are used to (m)
calculate the EIM diversity benefit factor.
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ID# Business Feature SEUITENETT | AEIEEiE
Type n(s)
Impacted
FRPDY- | The system shall broadcast for each 15min interval of the next Core RTBS
BRQO08 | Trading Hour the set of BAAs that have passed the FRU sulfficiency .
Tariff 811.
test.
25.1.1,
Note: at T-75', T-55', and T—40' for the Active Hour starting T. 811.25.2.2.1,
§29.34 (n),
844.2.4.2
FRPDY- | The system shall broadcast for each 15min interval of the next Core RTBS
BRQO09 | Trading Hour the set of BAAs that have passed the FRD sufficiency -
Tariff 811.
test.
25.1.1,
Note: at T-75', T-55', and T—40' for the Active Hour starting T. 8§11.25.2.2.1,
§29.34 (n),
844.2.4.2
FRPDY- | For each 15min interval of the Active Hour, the system shall receive | Core RTD
BRQO010 | the following 5min data for the group of BAAs that have passed the Tariff §11
FRU sufficiency test in that 15min interval: o511 '
e the 5min High Percentile net demand forecast uncertainty 811.25.2.2.1,
histogram (NDZ°7-5) §29.34 (n),
844.2.4.2

e the 5min High Percentile demand forecast uncertainty histogram
(DHo75)

e the 5min Low Percentile adjusted solar forecast uncertainty
histogram (S2%)

¢ the 5min Low Percentile adjusted wind forecast uncertainty
histogram (W£2=)

e the second-order polynomial coefficients (A2°7>, BP7-, C27->) of
the High Percentile quadratic quantile regression of 5min
demand forecast uncertainty

e the second-order polynomial coefficients (45%°, BS%°,C5%®) of the
Low Percentile quadratic quantile regression of 5min adjusted
solar forecast uncertainty
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Impacted
e the second-order polynomial coefficients (A%2°, BY25, c¥25) of
the Low Percentile quadratic quantile regression of 5min
adjusted wind forecast uncertainty
e the second-order polynomial coefficients (4¥97-5, BM97:5 c197-5)
of the High Percentile quadratic quantile regression of 5min
MOSAIC forecast uncertainty
e the 5min High Percentile Threshold net demand forecast
uncertainty histogram (ND£°°)
e the 5min Low Percentile Threshold net demand forecast
uncertainty histogram (ND£*)
FRPDY- | For each 15min interval of the Active Hour, the system shall receive | Core RTD
BRQO11 | the following 5min data for the group of BAAs that have passed the Tariff §11
FRD sufficiency test in that 15min interval: o511 '
e the 5min Low Percentile net demand forecast uncertainty §11.25.2.2.1,
histogram (ND25) §29.34 (n),
844.2.4.2

e the 5min Low Percentile demand forecast uncertainty histogram
(DE29)

e the 5min High Percentile adjusted solar forecast uncertainty
histogram (S°7-5)

e the 5min High Percentile adjusted wind forecast uncertainty
histogram (W#°7-%)

e the second-order polynomial coefficients (422>, BP2>, cP25) of
the Low Percentile quadratic quantile regression of 5min demand
forecast uncertainty

e the second-order polynomial coefficients (43°7>, B3°7>, €3°7-°) of
the High Percentile quadratic quantile regression of 5min
adjusted solar forecast uncertainty

e the second-order polynomial coefficients (A% 7>, BY97-5, c¥97-3)
of the High Percentile quadratic quantile regression of 5min
adjusted wind forecast uncertainty
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e the second-order polynomial coefficients (4425, BY2-5, cM2-5) of
the Low Percentile quadratic quantile regression of 5min
MOSAIC forecast uncertainty
e the 5min High Percentile Threshold net demand forecast
uncertainty histogram (ND£°°)
e the 5min Low Percentile Threshold net demand forecast
uncertainty histogram (ND£1)
FRPDY- | For each 15min interval of the Active Hour, the system shall receive | Core RTPD
BRQO012 | the following 15min data for the group of BAAs that have passed the Tariff §11 STUC

FRU sufficiency test in that 15min interval:

25.1.1,
e the 15min High Percentile net demand forecast uncertainty 8§11.25.2.2.1,
histogram (ND27-5 §29.34 (n),
§44.2.4.2

¢ the 15min High Percentile demand forecast uncertainty
histogram (Df£7-5)

e the 15min Low Percentile adjusted solar forecast uncertainty
histogram (Sf2>

e the 15min Low Percentile adjusted wind forecast uncertainty
histogram (Wj1%5

e the second-order polynomial coefficients (42275, B27-5, CP27-5) of
the High Percentile quadratic quantile regression of 15min
demand forecast uncertainty

e the second-order polynomial coefficients (432>, B32-5,C2-°) of the

Low Percentile quadratic quantile regression of 15min adjusted
solar forecast uncertainty

e the second-order polynomial coefficients (A%, BY2?>, C[£*®) of
the Low Percentile quadratic quantile regression of 15min
adjusted wind forecast uncertainty

e the second-order polynomial coefficients (AY27->, BM7-5, CM7->
of the High Percentile quadratic quantile regression of 15min
MOSAIC forecast uncertainty

Copyright 2022 California 1ISO

Doc ID: GNFDMDEHU6BB-46-53 Page 20 of 91



™ Template Version: 51
L \‘ ° °
W CO'IForn [0 ISO Technology
Document 192
Version: '
Flexible Ramp Product:st)sngfriigi:ii;yngusmess Requirement Date Created: 1/28/2021
Potential
ID# Business Feature SEUITENETT | AEIEEiE
Type n(s)
Impacted
e the 15min High Percentile Threshold net demand forecast
uncertainty histogram (NDf%°
e the 15min Low Percentile Threshold net demand forecast
uncertainty histogram (ND{t!
FRPDY- | For each 15min interval of the Active Hour, the system shall receive | Core RTPD
BRQO13 | the following 15min data for the group of BAAs that have passed the -
FRD sufficiency test in that 15min interval: '2I'gr|1ff1§11. STUC
e the 15min Low Percentile net demand forecast uncertainty 811.25.2.2.1,
histogram (ND/2> §29.34 (n),
844.2.4.2

e the 15min Low Percentile demand forecast uncertainty histogram
{3

¢ the 15min High Percentile adjusted solar forecast uncertainty
H97.5

histogram (S;s
e the 15min High Percentile adjusted wind forecast uncertainty
histogram (W75

 the second-order polynomial coefficients (4225, BP2-5, cB2-5) of
the Low Percentile quadratic quantile regression of 15min
demand forecast uncertainty

e the second-order polynomial coefficients (43275, By2”+>, C227-°) of
the High Percentile quadratic quantile regression of 15min
adjusted solar forecast uncertainty

e the second-order polynomial coefficients (A7, BY.7-5, C}%97-%)
of the High Percentile quadratic quantile regression of 15min
adjusted wind forecast uncertainty

e the second-order polynomial coefficients (A2, Bi2?>, cM2>) of
the Low Percentile quadratic quantile regression of 15min
MOSAIC forecast uncertainty

e the 15min High Percentile Threshold net demand forecast
uncertainty histogram (NDf%°

e the 15min Low Percentile Threshold net demand forecast
uncertainty histogram (NDft!
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FRPDY- | The system shall calculate the 5min FRU requirement for each 5min | Core RTD
BRQO14 | interval of the market horizon for each BAA in the EIM Area that has BPM: Market
failed the FRU sufficiency test in the corresponding 15min interval as o e
. ) perations
a function of net demand (nd), demand (d), solar (s), and wind (w) :
Section 7.1.3
forecast as follows:
M97.5 P97.5 2 M97.5 P97.5 M97.5 Tarlff §11
FRURs = A¥975 (ME975)" 4 BMO7-5 ME975 + Yo7 25.1.1,
Where: §11.25.2.2.1,
§29.34 (n),
ME?75(nd,d,s,w) = NDH975 — (DH75 — §fi25 — wh25) 4 §44.2.4.2
(D§97'5(d) _ ng.s(s) _ WSPZ'S(W))
D£’97.5(d) = AI;?;TS d2 +BS‘;7.5 d + ng7'5
SSPZ.S(S) = A§2.5 SZ + B.SS‘Z.S s+ C552‘5
W23 (w) = AY*® w? + B> w+ ¢'%°
FRPDY- | The system shall calculate the 5min FRU requirement for each 5min | Core RTD
BRQO15 | interval in the market horizon for the group of BAAs that have BPM: Market
passed the FRU sufficiency test in the corresponding 15min interval Oper;ations
as a function of net demand (nd), demand (d), solar (s), and wind (w) .
. Section 7.1.3
forecast as follows:
M97.5 P97.5 2 M97.5 P97.5 M97.5 Ta”ff §11
FRURs = A¥975 (ME975)" 4 BMO7-5 ME975 + Y97 25.1.1,
Where: §11.25.2.2.1,
§29.34 (n),
ME?75(nd,d,s,w) = NDH975 — (DH75 — §ff25 — wh25) 4 §44.2.4.2
(D§97'5(d) _ ng.s(s) _ W_f”(w))
D5P97'5(d) = All;957.5 dZ +ng75 d+ CLP)’ETS
552.5(5) = A.§2.5 SZ + Bgz.s s+ C552‘5
W2 (w) = AY*® w? + B> w+ ¢¢'%°
FRPDY- | The system shall calculate the 5min FRD requirement for each 5min | Core RTD
BRQO16 | interval in the market horizon for each BAA in the EIM Area that has
failed the FRD sufficiency test in the corresponding 15min interval as
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a function of net demand (nd), demand (d), solar (s), and wind (w) BPM: Market
forecast as follows: Operations
FRDRs = AY25 (Mpz.s)z 4 BM25 P25 4 ~M2.5 Section 7.1.3
® ° 5® ° Tariff §11.
Where: 25.1.1,
MP25(nd, d, s,w) = NDH2S — (DH2S — SH7:S _ 975 4 gggle
(DE25(d) - SE75(5) — WE7S (w)) §44242
Dg’ZS(d) = Ang.S dz + Bé)Z.S d + CSDZ.S
SSP97.5(S) = A“§97'5 SZ + Bg97.5 s+ CéS'97.5
W5P97'5(W) = AIéV97.5 WZ + BgV97'5 w+ CEI,/I/97.5
FRPDY- | The system shall calculate the 5min FRD requirement for each 5min | Core RTD
BRQ117 | interval in the market horizon for the group of BAAs that have BPM: Market
passed the FRD sufficiency test in the corresponding 15min interval Oper;sltions
as a function of net demand (nd), demand (d), solar (s), and wind (w) Section 7.1.3
forecast as follows: o
2 Tariff 811.
FRDR5 — AIg/IZ.S (MSPZS) 4+ BéVIZ.S Mg’Z.S 4 Cé\’lZ.S 2511,
Where: §11.25.2.2.1,
§29.34 (n),
ME?5(nd, d,s,w) = NDE*® — (D*5 — SHO75 — wi975) + §44.2.4.2
(Dé’z's(d) _ S§97'5(s) _ W5P97.5(W))
D{?3(d) = AR*® d* + BP*® d + C0*°
55P97'5(S) = A§97.5 SZ + Bg97.5 s+ C5997'5
W5P97'5(W) = AIéV97.5 WZ + BgV97'5 w+ Cgl/97.5
FRPDY- | The system shall bound the 5min FRU/FRD requirements for Core RTD
BRQO18 | each 5min interval in the market horizon as follows: BPM: Market
FRUR. — FRU_MIN_THRESHOLD, ND?, Operations
5 = M\ min((ND#*, FRURs FRU_MAX_THRESHOLD)) Section 7.1.3
Tariff 844.2.4.2
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_ —1 * FRD_MIN_THRESHOLD, ND{"**,
FRDRs = —min (max (WD{*, FRDRs — 1 * FRD_MAX_THRESHOLD)))
Note: The FRD requirement is negated to make it positive.
Note: FRU passing group and FRD passing group will use the
threshold defined for EIM_AREA.
FRPDY- | The system shall calculate the 15min FRU requirement for each Core RTPD
BRQO19 | 15min interval of the market horizon for each BAA in the EIM Area BPM: Market
that has failed the FRU sufficiency test as a function of net demand -
(nd), demand (d), solar (s), and wind (w) forecast as follows: Operations
' ' ’ ' Section 7.1.3
2
FRURls — AI:\l/I597.5 (M{35975) + Bi\/1597.5 M1PS97.5 + Cll\/é97.5 Tal’lff §11
. 25.1.1
Where: '
811.25.2.2.1,
MFY75(nd, d, s, w) = NDHEY7S — (DHO7S _ gH25 _ yH25) 4 §29.34 (n),
(Df597'5(d) _ stz.s(s) _ W1PSZ'5(W)) 844.2.4.2
Df;75(d) = All);;37.5 dz + BlD597.5 d + 61[)597'5
SPES(s) = AR5 57 + B3O 5 + (2
W73 (w) = AYZS w? + BYPS w+ 6%
FRPDY- | The system shall calculate the 15min FRU requirement for each Core RTPD
BRQO020 | 15min interval of the market horizon for the group of BAAs that have BPM: Market
passed the FRU sufficiency test in the corresponding 15min interval Operéti ons
as a function of net demand (nd), demand (d), solar (s), and wind (w) Section 7.1.3
forecast as follows: o
B Tariff 811.
FRURlS — A¥597.5 (M1PSQ75) + Bi\/IS97.5 M1PS97.5 + 6%97'5 2511,
11.25.2.2.1
Where: 8 '
§29.34 (n),
M{J7(nd,d,s,w) = ND{P7® — (D27 — Sfi2° — wfi?%) + §44.2.4.2
(D7 (@) - 512(s) — Wiz S(w))
Df’5975(d) = A?;W.S d2 + BlDS97.5 d+ 65597.5
SPE5(s) = AR5 57 + B3O 5 + (2
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W1P52.5(W) = A‘{VSZ'S WZ + B{/léZ.S w+ C:{/ng.S
FRPDY- | The system shall calculate the 15min FRD requirement for each Core RTPD
BRQO021 | 15min interval of the market horizon for each BAA in the EIM Area BPM: Market
that has failed the FRD sufficiency test as a function of net demand Oper;ations
(nd), demand (d), solar (s), and wind (w) forecast as follows: Section 7.1.3
2
FRDRys = AY25 (Mf2°)" + BMS MP25 + ¢l Tariff §11.
25.1.1
Where: ’
ere §11.25.2.2.1,
M{Z3(nd,d,s,w) = NDf*5 — (Df#*° — S{P75 —wj7°) + §29.34 (n),
(DfSZ'S(d) _ stw.s(s) _ +W113597'5(W)) 8§44.2.4.2
DF*(d) = AR d? + BYZS d + [
51Ps97.5(s) = A.i“;7.5 SZ + BiS‘;37.5 s+ ClSF?7.5
W1P;97'5(W) = AI{I/597.5 WZ + B{/Ig97.5 w+ C{/Ié97.5
FRPDY- | The system shall calculate the 15min FRD requirement for each Core RTPD
BRQO022 | 15min interval of the market horizon for the group of BAAs that have BPM: Market
passed the FRD sufficiency test in the corresponding 15min interval Op er;ati ons
as follows: Section 7.1.3
2
FRDRys = AT (M{Z°)" + BIgS M{Z° + C1g° Tariff §11.
. 25.1.1
Where: '
§11.25.2.2.1,
M{Z5(nd,d,s,w) = ND{Z® — (Dfi#® — {75 —Wf%) + §29.34 (n),
(Dfsz's(d) _ 5{3597.5(5) _ W1P597'5(W)) 8§44.2.4.2
DF*(d) = AR d* + BYZS d + [
SlPs97.5(S) = Afg7.5 SZ + BiS';)7.5 s+ Ci‘§597.5
W1P597'5(W) = AI{V597'5 WZ + B{/Ig97.5 w+ C:{/IE/,97.5
FRPDY- | The system shall bound the 15min FRU/FRD requirements for Core RTPD
BRQO23 | each 15min interval in the market horizon as follows:
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FRU_MIN_THRESHOLD, ND/, BPM: Market
FRURys = max{ in ((NDH°, FRUR,5 FRU_MAX_THRESHOLD)) Operations
Section 7.1.3
—1 + FRD_MIN_THRESHOLD, ND!°, .
= mi Tariff 844.2.4.2
FRDR:s mm<max ((NDI, FRDR,5 — 1+ FRD_MAX_THRESHOLD))) s
Note: FRU passing group and FRD passing group will use the
corresponding threshold defined for EIM_AREA.
FRPDY- | The system shall calculate the 15min FRU requirement for each Core STUC
BRQO024 | 15min interval in the first two hours of the market horizon for each BPM: Market
BAA in the EIM Area that has failed the FRU sufficiency test as a o erétions
function of net demand (nd), demand (d), solar (s), and wind (w) Sgction 713
forecast as follows: o
M97.5 P97.5 2 M97.5 P97.5 M97.5 Tal'lff §11
FRURys = AYS7S (M{75)" + BIg"® M{Z7° + C1g7 25.1.1,
Where: 811.25.2.2.1,
§29.34 (n),
M{?7>(nd,d,s,w) = NDZ7> — (D75 — sfz5 — wi25) 4 §44.2.4.2
(D27 (d) - 5£25(s) - WS (w))
Df5975(d) = All);;)7.5 dZ + Bi)597.5 d + CIDS97.5
SP25(s) = A{25 52+ BS2S s + C52°
WS (w) = AU2S w? + BY?S w + (IS
FRPDY- | The system shall calculate the 15min FRU requirement for each Core STUC
BRQO025 | 15min interval in the first two hours of the market horizon for the BPM: Market
group of BAAs that have passed the FRU sufficiency test in the o er;ations
corresponding 15min interval as a function of net demand (nd), Sgction 713
demand (d), solar (s), and wind (w) forecast as follows: h
2 Tariff 811.
FRURlS — A¥597.5 (M1PSQ75) + Bi\/IS97.5 M1PS97.5 + 6%97'5 2511’
. 811.25.2.2.1,
Where: §29.34 (),
MFY75(nd,d,s,w) = NDIY75 — (DEO75 — sH2S — wli25) + §44.2.4.2
(D7) = 5{2°() - Wi *(w)
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Df'5975(d) = A?§7.5 dZ + BlDS97.5 d + ClDS97.5
S{25(s) = A 2 4 BYES s 4 (S
W1PSZ.5(W) = AI{VSZ'S WZ + B%Z'S w+ C:{/IQZ.S
FRPDY- | The system shall calculate the 15min FRU requirement for each Core STUC
BRQO026 | 15min interval in the last three hours of the market horizon for the BPM: Market
EIM_Area as a function of net demand (nd), demand (d), solar (s), Operétions
and wind (w) forecast as follows: Section 7.1.3
FRUR]_S — AIJ\_/I597'5 (M{3597'5)2 + Bi\/1597.5 M1PS97.5 + Cll\/é97.5 Tal’lff §2934
Where: (n), 844.2.4.2
MP75(nd,d,s,w) = NDH7S — (DHO7S — gH2S _ yH25) |
(Df7°(@) = 5{2°() - Wi *(w)
Df£75(d) = Ali)597.5 dz + 31[)597.5 d + 61[)597.5
SP25(s) = A$25 52 4 BS2S s + C52°
W1P52.5(W) = A‘{VSZ'S WZ + B%Z.S w+ C%Z.S
Assumption: This is aligned with current PRODUCTION treatment
because of the time horizon in STUC.
FRPDY- | The system shall calculate the 15min FRD requirement for each Core STUC
BRQO027 | 15min interval in the first two hours of the market horizon for each BPM: Market
BAA in the EIM Area that has failed the FRD sulfficiency test in the o er'ations
corresponding 15min interval as a function of net demand (nd), Sgction 713
demand (d), solar (s), and wind (w) forecast as follows: o
) Tariff §29.34
FRDRs = A1Z° (M{3°)" + BIg"® Mg + CIg*° (n), §44.2.4.2
Where:
M{Z5(nd,d,s,w) = ND{Z® — (Df3° — S{E75 —wi°) +
(DfSZ'S(d) _ stws(s) _ W1P597'5(W))
DF25(d) = AP25 d? + BD2S d + D25
SPE75(s) = ASYS 5%+ BSYS s + €57
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W1P597.5(W) = AI{VS97.5 WZ + B{Ag97'5 w+ C:{/lg97.5
Assumption: Calculate for each BAA not passing the sufficiency test
because of the time horizon in STUC.
FRPDY- | The system shall calculate the 15min FRD requirement for each Core STUC
BRQO028 | 15min interval in the first two hours of the market horizon for the i
o . BPM: Market
group of BAAs that have passed the FRD sufficiency test in the Operations
corresponding 15min interval as a function of net demand (nd), Section 7.1.3
demand (d), solar (s), and wind (w) forecast as follows: o
) Tariff 811.
FRDRy5 = AYZ5 (MFZ5)" + BM2> Mf25 + 25 25.1.1,
11.25.2.2.1
Where: 8 '
§29.34 (n),
Mf23(nd,d,s,w) = NDfZ® — (Df*® — S{P75 —wf°7>) + §44.2.4.2
(DfSZ'S(d) _ stws(s) _ W1P597'5(W))
DF25(d) = AP25 d? + BD2S d + D25
SPE75(s) = ASYS 5%+ BSY7S s + €57
W1P;97'5(W) = AI{I/597.5 WZ + B{/Ig97.5 w+ C{/Ig97.5
FRPDY- | The system shall calculate the 15min FRD requirement for each Core STUC
BRQO029 | 15min interval in the last three hours of the market horizon for the .
: BPM: Market
EIM_Area as a function of net demand (nd), demand (d), solar (s), Operations
and wind (w) forecast as follows: Section 7.1.3
FRDRy5 = AY2S (M{25)" + B?S MIZS + Cli2* Tariff §29.34
Where: (n), 844.2.4.2
M{Z5(nd,d,s,w) = NDfi*5 — (D25 — SHI7S — wHo75) 4
(DfSZ'S(d) _ stw.s(s) _ W1P597.5(W))
DF*(d) = AR d* + BYZS d + [
51Ps97.5(s) = Ai“;7.5 SZ + Bis‘;37.5 s+ 6155?7.5
W1P597.5(W) = AI{I/597.5 WZ + B{/Ig97.5 w+ C:{/IE/,97.5
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Assumption: This is aligned with current PROD treatment because
of the time horizon in STUC.
FRPDY- | The system shall bound the 15min FRU/FRD requirements for Core STUC
BRQO30 | each 15min interval in the market horizon as follows: BPM: Market
Operations
Section 7.1.3
FRU_MIN_THRESHOLD, ND%, _
FRURys = max{ . ((ND!°, FRUR, FRU_MAX_THRESHOLD)) Tariif §44.2.4.2
_ —1 % FRD_MIN_THRESHOLD, ND;¥”,
FRDRys =min| o ((ND!, FRDR, 5 — 1 FRD_MAX_THRESHOLD))
Note: FRU passing group and FRD passing group will use the
corresponding threshold defined for EIM_AREA.
FRPDY- | The system shall calculate FRU awards for each interval in the Core RTPD
BRQO31 _market_horlzon for each BAA that ha_s failed the FRU_ sufficiency test BPM: Market STUC
in that interval to meet the FRU requirement for that interval and Operations
BAA, reduced by the total FRU surplus for that interval and BAA. Sgction 713 RTD
The FRU surplus effectively relaxes the FRU requirement at a price o
curve. Tariff §29.34
Implementation detail: Appendix A. ()
FRPDY- | The system shall calculate FRU awards for each interval in the Core RTPD
BRQO032 | market horizon for the group of BAAs that have passed the FRU )
sufficiency test in that interval to meet the FRU requirement for that gpxéi\iﬂ;get STUC
interval BAA group, reduced by the total FRU surplus for that interval Sgction 713 RTD
and BAA group. The FRU surplus effectively relaxes the FRU h
requirement at a price curve. Tariff §29.34
Implementation detail: Appendix A. ()
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FRPDY- | The system shall calculate FRD awards for each interval in the Core RTPD
BRQO033 | market horizon for each BAA that has failed the FRD sufficiency test )
in that interval to meet the FRD requirement for that interval and ngél\rloagget STUC
BAA, reduced by the total FRD surplus for that interval and BAA. Sgction 713 RTD
The FRD surplus effectively relaxes the FRD requirement at a price o
curve. Tariff §29.34
Implementation detail: Appendix A. (")
FRPDY- | The system shall calculate FRD awards for each interval in the Core RTPD
BRQO034 | market horizon for the group of BAAs that have passed the FRD )
sufficiency test in that interval to meet the FRD requirement for that gP(I;/:éEA Oa:]rget STUC
interval and BAA group, reduced by the total FRD surplus for that Sgction 713 RTD
interval and BAA group. The FRD surplus effectively relaxes the h
FRD requirement at a price curve. Tariff §29.34
Implementation detail: Appendix A. (n)
FRPDY- | The system shall implement a FRU deployment scenario for each Core RTPD
BRQO35 | interval in the market horizon where: BPM: Market STUC
e All FRU awards are deployed. Operations
Section 7.1.3 RTD
e The demand forecast for each BAA that has failed the FRU _ o
sufficiency test is increased by the FRU requirement for that | Tariff 844.2.1.2
BAA.
e The demand forecast for the group of BAAs that have
passed the FRU sufficiency test is increased by the FRU
requirement for that BAA group.
e The FRU surplus in each BAA that has failed the FRU
sufficiency test is fully deployed.
e The FRU surplus in the group of BAAs that have passed the
FRU sufficiency test is fully deployed.
FRPDY- | The system shall implement a FRD deployment scenario for each Core RTPD
BRQO036 | interval in the market horizon where: STUC
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e All FRD awards are deployed. BPM: Market RTD
, Operations
e The demand forecast for each BAA that has failed the FRD :
L : ; Section 7.1.3
sufficiency test is decreased by the FRD requirement for that
BAA. Tariff 844.2.1.2
e The demand forecast for the group of BAAs that have
passed the FRD sufficiency test is decreased by the FRD
requirement for that BAA group.
e The FRD surplus in each BAA that has failed the FRD
sufficiency test is fully deployed.
e The FRD surplus in the group of BAAs that have passed the
FRD sufficiency test is fully deployed.
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core RTD
BRQO037 | demand, solar, and wind for each 5min interval in the market horizon BPM: Market
for each BAA that has failed the FRU sufficiency test in the Operétions
corresponding 15min interval as follows: Section 7.1.3
|DP97'5(d)| .
FRUDFs(d,s,w) = > Tariff 844.2.4.3
5 |D§97'5(d)| + |S§2'5(s)| + |V|/-5P2.5(W)|
FRUSFs(d, s, w) [55*°(5)]
, S, W) =
5 (D775 (@] + IS5 (9)] + [We™* ()]
FRUWF;(d,s,w) [We™*w))
,S,W) =
5 (D75 (@) + |S535 ()] + [W 5 w)
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core RTD
BRQO038 | demand, solar, and wind for each 5min interval in the market horizon BPM: Market
for the group of BAAs that have passed the FRU sufficiency test in Oper;ations
the corresponding 15min interval as follows: Section 7.1.3
[D£75(@) -
FRUDFs(d,s,w) = Tariff 844.2.4.3
5 |D§97'5(d)| + |S§2'5(s)| + |VVSP2'5(W)|
FRUSFs(d, s, w) 5l
LS, W) =
i D72 (@)] + [$57° ()] + [W* (w))
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FRUWEFs(d, s, w) We™*(w))
,S,W) =
i D72 (@)] + |87 ()] + [ W (w))
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core RTD
BRQO039 | demand, solar, and wind for each 5min interval in the market horizon BPM: Market
for each BAA that has failed the FRD sufficiency test in the Oper;ations
corresponding 15min interval as follows: Section 7.1.3
DI?3(d) :
FRDDF:(d,s,w) = Tariff 844.2.4.3
(= DS @ T+ ST+ TS|
FRDSFs(d, s, w) 5276
, S, W) =
5 |D§2'5(d)| + |S§97'5(s)| + |W5P97.5(W)|
FRDWFs(d,s,w) We™"(w)
JSJ E
5 w |D§2'5(d)| + |S§97'5(s)| + |VV5P97'5(W)|
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core RTD
BRQO040 | demand, solar, and wind for each 5min interval in the market horizon BPM: Market
for the group of BAAs that have passed the FRD sufficiency test in Oper;sltions
the corresponding 15min interval as follows: Section 7.1.3
FRDDF5(d, s, w) = Dg**(d) Tariff §44.2.4.3
DFE @+ [SET O+ W)
FRDSFs(d, s, w) 52726
LS, W) =
5 |D§2'5(d)| + |S§97'5(s)| + |W5P97.5(W)|
FRDWF;(d,s,w) We™">(w)
, S, W) =
5 PEE @I+ SEE T+ W=
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core RTUC
BRQO041 | demand, solar, and wind for each 15min interval in the market BPM: Market
horizon and for each BAA that has failed the FRU sufficiency test as o : fi
follows: perations
' Section 7.1.3
|DP97'5(d)| .
FRUDF;5(d,s,w) = 15 Tariff 844.2.4.3
” D7 (@] +[s72 )] + Wi w))
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|SP2'5(S)|
FRUSF,s(d,s,w) = 15
“" |DE7S(@)] + [SF25 ()] + [ W25 (w)
|WP2'5(W)|
FRUWF;s(d,s,w) = 15
° DE7S(@)] + [SF25 ()] + [Wf2S (W)
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core RTUC
BRQO042 | demand, solar, and wind for each 15min interval in the market BPM: Market
horizon and for the group of BAAs that have passed the FRU Operétions
sufficiency test as follows: Section 7.1.3
|D{57>(d)] .
FRUDF,<(d,s,w) = Tariff 844.2.4.3
b |DE7S ()] + [SF25 ()] + [Wf2S (w))|
|S£25(s)]
FRUSF;5(d,s,w) =
“" DE7S(@)] + [SF25 ()] + [ W2 (w)|
FRUWF,s(d,s,w) = Wiz w))
ST DT @] +[S{E ]+ W )
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core RTUC
BRQO043 | demand, solar, and wind for each 15min interval in the market BPM: Market
horizon for each BAA that has failed the FRD sufficiency test as o ) fi
follows: perations
' Section 7.1.3
D725 (@) .
FRDDF,s(d,s,w) = Tariff 844.2.4.3
15 IDFZS(@)] + [ST7S ()] + W75 w)]
|SP97'5(S)|
FRDSF,<(d, s,w) = 15
* D@+ ST + W7 w)]
FRDWF,5(d,s,w) Wig"> )
, S, W) =
15 P+ S+ WE)
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core RTUC
BRQO044 | demand, solar, and wind for each 15min interval in the market .
' - BPM: Market
horizon for the group of BAAs that have passed the FRD sufficiency o fi
test as follows: perations
’ Section 7.1.3
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FRDDF,(d, 5,w) |DF25 ()] Tariff §44.2.4.3
,S,W) =
b D (@] + [S77* )]+ [W57* (w)]
|SP97'5(S)|
FRDSF,<(d,s,w) = 15
b [D{Z* @] + [S77* )] + W57 )
FRDWF,5(d,s,w) Wi5” > (w)
, S, W) =
b [D{Z* @]+ [S77* )] + W7 (w)]
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core STUC
BRQO045 | demand, solar, and wind for each 15min interval in the first two BPM: Market
hours of the market horizon for each BAA that has failed the FRU Operéti ons
sufficiency test as follows: Section 7.1.3
|D7275()] -
FRUDF,s(d,s,w) = Tariff 844.2.4.3
” D75 @]+ [8{2° )] + Wi w))
|SP2'5(S)|
FRUSF,;s(d,s,w) = 15
b D75 @]+ [s72° ()] + Wi > w))
FRUWF,s(d, s, w) = [Wis>w)
P DR @1+ IS )]+ Wi w))
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core STUC
BRQO046 | demand, solar, and wind for each 15min interval in the first two BPM: Market
hours of the market horizon for the group of BAAs that have passed Oper;ations
the FRU sufficiency test as follows: Section 7.1.3
|DP97'5(d)| )
FRUDF,<(d,s,w) = 15 Tariff 844.2.4.3
B [DE7S(@] + [S3 (9)] + Wi (w)
|S535
FRUSF;<(d,s,w) =
N [DE7S @] + IS (9)] + Wi (w))
FRUWF,s(d, s, w) = [Wis>w)
P T RS @] + 57 )]+ Wi W)

Copyright 2022 California 1ISO

Doc ID: GNFDMDEHU6EBB-46-53

Page 34 of 91




&> California ISO

Template Version:

5.1

Technology
Document 192
Version: '
Flexible Ramp Product: Deliverability Business Requirement Date Created: 1/28/2021
Specifications
Potential
ID# Business Feature Requirementy ApplCailn
Type n(s)
Impacted
FRPDY- | The system shall calculate the FRU requirement allocation factors to | Core STUC
BRQO47 | demand, solar, and wind for each 15min interval in the last three BPM: Market
hours of the market horizon for each BAA in the EIM Area as o -
follows: perations
' Section 7.1.3
|DP97'5(d)| .
FRUDF,s(d,s,w) = 15 Tariff §44.2.4.3
° D7 (@] +[sf2 )] + Wi w))
|St5(5)]
FRUSF;<(d,s,w) =
N [DE7S @] + IS (9)] + Wi (w))
[Wzs )
FRUWF,s(d,s,w) =
” D75 @]+ [8{2° )] + Wi w))
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core STUC
BRQO048 | demand, solar, and wind for each 15min interval in the first two BPM: Market
hours of the market horizon for each BAA that has failed the FRD Operétions
sufficiency test as follows: Section 7.1.3
|DP2'5(d)| ]
FRDDF;:(d,s,w) = 15 Tariff 844.2.4.3
B D@+ 1855756+ W7 )]
|SP97'5(S)|
FRDSF,<(d,s,w) = 15
b D25 @)+ [S275 ()] + W57 (w)]
FRDWF,5(d,s,w) Wi w)|
,S,W) =
b [DZS @]+ [S275 ()] + [W7* w))
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core STUC
BRQO049 | demand, solar, and wind for each 15min interval in the first two BPM: Market
hours of the market horizon for the group of BAAs that have passed Operéti ons
the FRD sufficiency test as follows: Section 7.1.3
|DP2'5(d)| .
FRDDF,<(d,s,w) = 15 Tariff 844.2.4.3
* D@+ IS+ W= w)
|SP97'5(S)|
FRDSF,;s(d,s,w) = 15
b D25 (@) + [S275 ()] + W57 (w)]
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FRDWF,:(d,s,w) Wi5" > (w)]
,S,W) =
b IDZS @]+ [S{575 ()] + [Wf7* (w))
FRPDY- | The system shall calculate the FRD requirement allocation factors to | Core STUC
BRQO50 | demand, solar, and wind for each 15min interval in the last three BPM: Market
hours of the market horizon for each BAA in the EIM Area as o -
follows: perations
' Section 7.1.3
|DP2'5(d)| .
FRDDF,s(d,s,w) = 15 Tariff 8§44.2.4.3
* D@+ IS+ W= w)
[s2275(s)|
FRDSF;<(d,s,w) =
15 PRI+ IS+ W]
FRDWF,5(d,s,w) Wig"> )
,S,W) =
b DIZS (D] + [S557° ()] + WS> )
FRPDY- | The system shall distribute the FRU requirement allocated to Core RTD
BRQO51 | demand (FRURs FRUDFs(d, s,w)) in each interval of the market )
: . : e BPM: Market
horizon in the FRU deployment scenario as positive load to the load :
. . : T Operations
nodes in the respective BAA or BAA group with the same distribution .
Co T Section 7.1.3
factors used for distributing the demand forecast. _
Implementation detail: The load distribution factors for each BAA Tariff §44.2.4.3
and the BAA group shall be derived from the load distribution factors
of the demand forecast zones in each BAA, weighted by the demand
forecast of each zone, and then re-normalized for the BAA or the
BAA group.
FRPDY- | The system shall distribute the FRU requirement allocated to solar Core RTD
BRQO52 | (FRURs FRUSF5(d, s,w)) in each interval of the market horizon in the BPM: Market
FRU deployment scenario as positive load to the solar VER nodes in o e
. : perations
the respective BAA or BAA group pro rata on the respective solar .
Section 7.1.3
VER forecast.
Tariff 844.2.4.3
FRPDY- | The system shall distribute the FRU requirement allocated to wind Core RTD
BRQO053 | (FRURs FRUWFs(d, s,w)) in each interval of the market horizon in
the FRU deployment scenario as positive load to the wind VER
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nodes in the respective BAA or BAA group pro rata on the BPM: Market
respective wind VER forecast. Operations
Section 7.1.3
Tariff §844.2.4.3
FRPDY- | The system shall distribute the FRD requirement allocated to Core RTD
BRQO054 | demand (FRDRs FRDDFs(d, s,w)) in each interval of the market BPM: Market
horizon in the FRD deployment scenario as negative load to the load Operéti ons
nodes in the respective BAA or BAA group with the same distribution .
S Section 7.1.3
factors used for distributing the demand forecast. _
Implementation detail: The load distribution factors for each BAA Tariff 544.2.4.3
and the BAA group shall be derived from the load distribution factors
of the demand forecast zones in each BAA, weighted by the demand
forecast of each zone, and then re-normalized for the BAA or the
BAA group.
FRPDY- | The system shall distribute the FRD requirement allocated to solar Core RTD
BRQO55 | (FRDRs FRDSF5(d, s,w)) in each interval of the market horizon in the BPM: Market
FRD deployment scenario as negative load to the solar VER nodes Operéti ons
in the respective BAA or BAA group pro rata on the respective solar .
Section 7.1.3
VER forecast.
Tariff §844.2.4.3
FRPDY- | The system shall distribute the FRD requirement allocated to wind Core RTD
BRQO56 | (FRDRs FRDWF:(d, s,w)) in each interval of the market horizon in BPM: Market
the FRD deployment scenario as negative load to the wind VER Oper'ations
nodes in the respective BAA or BAA group pro rata on the .
. . Section 7.1.3
respective wind VER forecast.
Tariff 844.2.4.3
FRPDY- | The system shall distribute the FRU requirement allocated to Core RTPD
BRQO57 demand. (FRUR,s FRUDF;<(d,s,w)) in gach mte_ryal of the market BPM: Market sSTUC
horizon in the FRU deployment scenario as positive load to the load Operations
nodes in the respective BAA or BAA group with the same distribution .
oo Section 7.1.3
factors used for distributing the demand forecast. _
Implementation detail: The load distribution factors for each BAA Tariff 544.2.4.3
and the BAA group shall be derived from the load distribution factors
of the demand forecast zones in each BAA, weighted by the demand
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forecast of each zone, and then re-normalized for the BAA or the
BAA group.
FRPDY- | The system shall distribute the FRU requirement allocated to solar Core RTPD
BRQOS8 | (FRUR,s FRUSF,5(d,s,w)) in each interval of the market horizon in )
the FRU deployment scenario as positive load to the solar VER BPM: Market STUC
. . Operations
nodes in the respective BAA or BAA group pro rata on the .
. Section 7.1.3
respective solar VER forecast.
Tariff 8§44.2.4.3
FRPDY- | The system shall distribute the FRU requirement allocated to wind Core RTPD
BRQO59 | (FRUR,5 FRUWF,5(d,s,w)) in each interval of the market horizon in )
the FRU deployment scenario as positive load to the wind VER gPM' Market STUC
. : perations
nodes in the respective BAA or BAA group pro rata on the .
. . Section 7.1.3
respective wind VER forecast.
Tariff 844.2.4.3
FRPDY- | The system shall distribute the FRD requirement allocated to Core RTPD
BRQO060 demand_ (FRDR;5 FRDDF;5(d, s,w)) in each mtervgl of the market BPM: Market STUC
horizon in the FRD deployment scenario as negative load to the load :
. . . N Operations
nodes in the respective BAA or BAA group with the same distribution .
ST Section 7.1.3
factors used for distributing the demand forecast. _
Implementation detail: The load distribution factors for each BAA Tariff 544.2.4.3
and the BAA group shall be derived from the load distribution factors
of the demand forecast zones in each BAA, weighted by the demand
forecast of each zone, and then re-normalized for the BAA or the
BAA group.
FRPDY- | The system shall distribute the FRD requirement allocated to solar Core RTPD
BRQO61 | (FRDRs FRDSF;5(d,s,w)) in each interval of the market horizon in )
the FRD deployment scenario as negative load to the solar VER gPM' Market STUC
. . perations
nodes in the respective BAA or BAA group pro rata on the .
: Section 7.1.3
respective solar VER forecast.
Tariff 844.2.4.3
FRPDY- | The system shall distribute the FRD requirement allocated to wind Core RTPD
BRQO062 | (FRDR,5s FRDWEF;5(d,s,w)) in each interval of the market horizon in sSTUC
the FRD deployment scenario as negative load to the wind VER
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nodes in the respective BAA or BAA group pro rata on the BPM: Market
respective wind VER forecast. Operations
Section 7.1.3
Tariff §844.2.4.3
FRPDY- | The system shall define and maintain FRP Surplus Zones in each Core Master
BRQO063 | BAA in the EIM Area. The FRP Surplus Zones shall include Tariff §44.2.4.3 File
generation and load nodes, and in the case of CISO, CISO B
Scheduling Points, so that every generation and load in a BAA shall
belong to one, and only one, FRP Surplus Zone. The FRP Surplus
Zones shall be used in the market to distribute FRP Surplus
variables.
Implementation Note: Four FRP Surplus Zones for CISO aligned
with the four TAC Areas. For EIM BAAs, one FRP Surplus Zone for
the entire BAA, except for BAAs with CLAPs (e.g., BANC, PSCO)
where the FRP Surplus Zones shall align with the CLAPSs.
FRPDY- | The system shall retrieve all defined FRP Surplus Zones and their Core STUC
BRQO64 | BAA association. Tariff §44.2.4.3 | RTPD
RTD
FRPDY- | The system shall distribute the FRU surplus in each interval of the Core RTPD
BRQO65 | market horizon in the FRL_J deployment_scenarlo as negative Ioa_ld to BPM: Market STUC
the load and VER nodes in the respective FRP Surplus Zone with -
C AT Operations
the same distribution factors used for distributing the FRU . RTD
! . Section 7.1.3
requirement in that zone.
Tariff 844.2.4.3
FRPDY- | The total FRU surplus in each BAA in the EIM Area shall be limited Core RTPD
BRQO66 | to the distributed FRU requirement in that BAA. BPM: Market sTUC
Operations
Section 7.1.3 RTD
Tariff
844.2.4.3,
§29.3.4(m)
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FRPDY- | The system shall distribute the FRD surplus in each interval of the Core RTPD
BRQO67 | market horizon in the FRD deployment scenario as positive load to )
the load and VER nodes in the respective FRP Surplus Zone with gPM' Market STUC
S S perations
the same distribution factors used for distributing the FRD . RTD
. . Section 7.1.3
requirement in that zone.
Tariff 8§44.2.4.3
FRPDY- | The total FRD surplus in each BAA in the EIM Area shall be limited Core RTPD
BRQO068 | to the distributed FRD requirement in that BAA. BPM: Market STUC
Operations
Section 7.1.3 RTD
Tariff
844.2.4.3,
§29.3.4(m)
FRPDY- | The system shall receive the FRU demand price curve {Qy, Py, k = Core RTPD
BRQO70 | 1,2,...,n} for each interval of the market horizon for each BAA in the BPM: Market STUC
EIM Area. 0 ;
perations RTD
Note: The FRU demand price curve has increasing positive Section 7.1.3
guantities (an ascending ordering shall be performed on the
quantities to ensure the MW quantities monotonically increasing)
and decreasing positive prices:
S
! —
N
“+— FRUS
FRPDY- | The system shall receive the FRD demand price curve {Qy, Py, k = Core RTPD
BRQO71 | 1,2,...,n} for each interval of the market horizon for each BAA in the
EIM Area STUC
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Note: The FRD demand price curve has decreasing negative BPM: Market RTD
quantities (a descending ordering shall be performed on the Operations
quantities to ensure the MW quantities monotonically decreasing) Section 7.1.3
and decreasing positive prices:
a
—
— !
—
FRDS —*>
FRPDY- | The system shall extend or prune the end of the FRU demand price | Core RTPD
BRQO72 | curve for e_zach BAA_ in _the EIM Area to m_atch the corresponding BPM: Market STUC
FRU requirement distributed to that BAA: o -
perations RTD
Q, = FRUR Section 7.1.3
Then, the system shall flip the monotonically decreasing FRU
demand price curve for each interval of the market horizon for each
BAA in the EIM Area horizontally to form the monotonically
increasing price curve for the FRU surplus that varies from zero to
FRUR. All Qi shall be capped by Q.. The system shall verify and
enforce that the price curve is monotonically increasing.
Finally, the system shall limit from above all segments of the FRU
price curve by the FRU penalty price.
If there is no FRU demand curve available, System shall extend the
last available FRU demand price curve data for future use.
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FRPDY- | The system shall extend or prune the end of the FRD demand price | Core RTPD
BRQO73 | curve for each BAA in the EIM Area to match the corresponding )
FRD requirement distributed to that BAA: BPM: Market STUC
Operations RTD
Q, = —FRDR Section 7.1.3
Then, the system shall offset the FRD demand price curve for each
interval of the market horizon for each BAA in the EIM Area by
+FRDR to form the monotonically increasing price curve for the FRD
surplus that varies from zero to FRDR. All Q; shall be capped by Qn.
The system shall verify and enforce that the price curve is
monotonically increasing.
Finally, the system shall limit from above all segments of the FRD
price curve by the FRD penalty price.
If there is no FRD demand curve available, System shall extend the
last available FRD demand price curve data for future use.
FRPDY- | ¢ The system shall use the FRU and FRD demand price curves in | Core RTPD
BRQO073 the optimization to procure FRP. BPM: Market STUC
A , . : i
e In case of the energy price bid cap is greater than $1,000, Oper_atlons RTD
System shall scale the demand price curves by 2, but capped Section 7.1.3
them by the FRU/FRD penalty prices.
FRPDY- | The system shall allocate the FRU surplus price curve for each Core RTPD
BRQO74 | interval of the market horizon for each BAA in the EIM Area to the i
FRP Surplus Zones of that BAA in proportion to the distributed FRU (ESP(I_:\‘/:.a{\i/IOa;]rget STuc
requirement in that zone. Sgction 713 RTD
Implementation detail: Each segment of the FRU surplus price curve
for a FRP Surplus Zone in each BAA in the EIM Area shall be scaled
in proportion to distributed FRU requirement in that zone to yield the
corresponding segment of the FRU surplus price curve for that zone.
FRPDY- | The system shall allocate the FRD surplus price curve for each Core RTPD
BRQO75 | interval of the market horizon for each BAA in the EIM Area to the )
FRP Surplus Zones of that BAA in proportion to the distributed FRD gzg/lra'zﬂ Oz?]rlget STUC
requirement in that zone. Section 7.1.3 RTD
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Implementation detail: Each segment of the FRD surplus price curve
for a FRP Surplus Zone in each BAA in the EIM Area shall be scaled
in proportion to distributed FRD requirement in that zone to yield the
corresponding segment of the FRD surplus price curve for that zone.
FRPDY- | The system shall enforce transmission constraints for the base case | Core RTPD
BRQO76 | and critical contingencies for the FRU deployment scenario. BPM: Market STUC
Implementation detail: Appendix A. Operations
. RTD
Section 7.1.3
Tariff
8Appendix C
(d)
FRPDY- | The system shall enforce transmission constraints for the base case | Core RTPD
BRQO77 | and critical contingencies for the FRD deployment scenario. BPM: Market STUC
Implementation detail: Appendix A. Operations
. RTD
Section 7.1.3
Tariff
8Appendix C
(d)
FRPDY- | The system shall extend the current DCPA and LMPM method to Core RTPD
BRQO78 | binding transmission constraints in the FRU deployment scenario. In )
DCPA, the supply counter flow shall be the energy schedules plus ggza{\f Oa;]rget RTD
the FRU awards. Section 7.1.3
FRPDY- | The system shall extend the current DCPA and LMPM method to Core RTPD
BRQO79 | binding transmission constraints in the FRD deployment scenario. In )
DCPA, the supply counter flow shall be the energy schedules minus ggg/lré,'[\iﬂofget RTD
the FRD awards. Section 7.1.3
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FRPDY- | The system shall limit from below (in the import direction) the Existing RTPD
BRQO80 | algebraic net transfer (positive for export and negative for import) of | System STUC
each BAA that has failed the FRU sufficiency test in each interval of | Functionality
the market horizon to the less restrictive of the base net transfer for . RTD
. \ . BPM: Market
that BAA and interval or the net transfer of the interval prior to the .
failed interval Oper_atlons
' Section 7.1.3
Implementation detail: This limit application is the same as Market
has currently in PRODCTION.
Implementation detail: Appendix A.

FRPDY- | The system shall limit from above (in the export direction) the Existing RTPD
BRQO81 | algebraic net transfer (positive for export and negative for import) of | System STUC
each BAA that has failed the FRD sufficiency test in each interval of | Functionality

the market horizon to the less restrictive of the base net transfer for . RTD

. . ) BPM: Market
that BAA and interval or the net transfer of the interval prior to the o fi
failed interval perations
' Section 7.1.3

Implementation detail: This limit application is the same as Market

has currently in PRODCTION.

Implementation detail: Appendix A.
FRPDY- | The system shall constrain the net transfer in the FRU deployment Core RTPD
BRQO082 scenario of each BAA that has_falled the FRU sufﬂmency testin BPM: Market sSTUC

each interval of the market horizon to the net transfer in the base o -

. : : perations

scenario of meeting the demand forecast for that BAA and interval. Section 7.1.3 RTD

However, the individual dynamic (and static in RTUC/STUC) o

transfers (ETSRs) shall be allowed to move in the FRU deployment

scenario between zero and their respective scheduling limit.

Implementation detail: Appendix A.
FRPDY- | The system shall constrain the net transfer in the FRU deployment Core RTPD
BRQO083 scenario of each BAA that has'passed the FRU sufﬁqency test in BPM: Market STUC

each interval of the market horizon to the net transfer in the base o )

. . . perations

scenario of meeting the demand forecast for that BAA and interval, Section 7.1.3 RTD

plus the sum of all FRU awards in that BAA and interval, plus the o

total FRU surplus in that BAA and interval, minus the distributed

FRU requirement in that BAA and interval. However, the individual
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dynamic (and static in RTUC/STUC) transfers (ETSRs) shall be
allowed to move in the FRU deployment scenario between zero and
their respective scheduling limit.
Implementation detail: Appendix A.
FRPDY- | The system shall constrain the net transfer in the FRD deployment Core RTPD
BRQO84 | scenario of each BAA that has_falled the FRD sufﬂmer_my testin BPM: Market STUC
each interval of the market horizon to the net transfer in the base )
. . . Operations
scenario of meeting the demand forecast for that BAA and interval. Section 7.1.3 RTD
However, the individual dynamic (and static in RTUC/STUC) o
transfers (ETSRs) shall be allowed to move in the FRD deployment
scenario between zero and their respective scheduling limit.
Implementation detail: Appendix A.
FRPDY- | The system shall constrain the net transfer in the FRD deployment Core RTPD
BRQO085 scenario of each BAA that has'passed the FRD sufflc[ency test in BPM: Market STUC
each interval of the market horizon to the net transfer in the base .
. . . Operations
scenario of meeting the demand forecast for that BAA and interval, Section 7.1.3 RTD
minus the sum of all FRD awards in that BAA and interval, minus the h
total FRD surplus in that BAA and interval plus the distributed FRD
requirement in that BAA and interval. However, the individual
dynamic (and static in RTUC/STUC) transfers (ETSRs) shall be
allowed to move in the FRD deployment scenario between zero and
their respective scheduling limit.
Implementation detail: Appendix A.

FRPDY- | The system shall enforce upward and downward ramp capability Existing RTPD
BRQO086 | constraints for energy dispatch, ancillary services awards, and System STUC
FRU/FRD awards for each resource in each interval of the market Functionality
horizon. RTD

Implementation detail: Appendix A.

FRPDY- | The system shall enforce upward and downward capacity Existing RTPD
BRQO087 | constraints for energy dispatch, ancillary services awards, and System STUC
FRU/FRD awards for each resource in each interval of the market Functionality

horizon. RTD
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Implementation detail: Appendix A.

FRPDY- | The system shall calculate the Locational Marginal Price (LMP) at Core RTPD
BRQO088 | each Location (PNode and AP!\lode) of each BAA in the EIM Area in BPM: Market STUC
each interval of the market horizon as the sum of the shadow price Operations

of the Power Balance Constraint (PBC) for that BAA and interval and SeF:)ction 713 RTD
the Marginal Greenhouse Gas (GHG) Price for that Location and o
interval, divided by the Loss Penalty Factor (LPF) for that Location Tariff 844.2.4.3
and interval, minus the congestion contributions from all binding
constraints in the base and FRU/FRD deployment scenarios; the
latter are the product of the shadow price of the respective binding
constraint times the shift factor of the respective Location to that
binding constraint in the relevant interval.
Implementation detail: Appendix A.
FRPDY- | The system shall decompose the LMP at each Location of each BAA | Existing RTPD
BRQO89 | in the EIM Area in each interval of the market horizon to: System STUC
e The Marginal Energy Component (MEC); Functionality RTD
e The Marginal Loss Component (MCL);
e The Marginal Congestion Component (MCC); and
e The Marginal GHG Component.
Furthermore, the system shall decompose the MCC at each
Location of each BAA in the EIM Area in each interval of the market
horizon to components for each BAA in the EIM Area based on the
corresponding Congestion Distribution Factors (CDFs) for each
binding constraint contribution.
FRPDY- | The system shall calculate the Locational FRU Marginal Price Core RTPD
BRQO090 (FR_U_MP) at eac_:h Locat_lon of each BAA that has_ failed the FRU BPM: Market STUC
sufficiency test in each interval of the market horizon as the shadow o )
; : ) perations
price of the FRU procurement constraint for that BAA and interval, . RTD
. . I L oo Section 7.1.3
minus the congestion contributions from all binding constraints in the
FRU deployment scenarios; the latter are the product of the shadow | Tariff 844.2.4.3
price of the respective binding constraint times the shift factor of the
respective Location to that binding constraint in the relevant interval.
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Implementation detail: Appendix A.
FRPDY- | The system shall calculate the Locational FRU Marginal Price Core RTPD
BRQO91 (FR.U_MP) at eac;h Location of each BAA that hag passed the FRU BPM: Market STUC
sufficiency test in each interval of the market horizon as the shadow )
. S . Operations
price of the net transfer constraint in the FRU deployment scenario Section 7.1.3 RTD
for that BAA and interval, plus the shadow price of the FRU o
procurement constraint for the group of BAAs that have passed the Tariff 844.2.4.3
FRU sufficiency test in that interval, minus the congestion
contributions from all binding constraints in the FRU deployment
scenarios; the latter are the product of the shadow price of the
respective binding constraint times the shift factor of the respective
Location to that binding constraint in the relevant interval.
Implementation detail: Appendix A.
FRPDY- | The system shall calculate the Locational FRD Marginal Price Core RTPD
BRQ092 (FR'D_MP) at ea(;h Locat_lon of each BAA that ha; failed the FRD BPM: Market STUC
sufficiency test in each interval of the market horizon as the shadow o :
, : ) perations
price of the FRD procurement constraint for that BAA and interval, . RTD
: Lo o o Section 7.1.3
plus the congestion contributions from all binding constraints in the
FRD deployment scenarios; the latter are the product of the shadow | Tariff §44.2.4.3
price of the respective binding constraint times the shift factor of the
respective Location to that binding constraint in the relevant interval.
Implementation detail: Appendix A.
FRPDY- | The system shall calculate the Locational FRD Marginal Price Core RTPD
BRQO093 (FR.D_MP) at eagh Locat_lon of each BAA that ha; passed the FRD BPM: Market STUC
sufficiency test in each interval of the market horizon as the shadow o -
; o . perations
price of the net transfer constraint in the FRD deployment scenario Section 7.1.3 RTD
for that BAA and interval, plus the shadow price of the FRD h
procurement constraint for the group of BAAs that have passed the Tariff 844.2.4.3
FRD sufficiency test in that interval, plus the congestion
contributions from all binding constraints in the FRD deployment
scenarios; the latter are the product of the shadow price of the
respective binding constraint times the shift factor of the respective
Location to that binding constraint in the relevant interval.
Implementation detail: Appendix A.
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FRPDY- | The system shall calculate the Scheduling Point-Intertie (SP-Tie) Core RTPD
BRQO094 | Locational Marginal Price (SP-Tie LMP) at each SP-Tie Location of )
each BAA in the EIM Area in each interval of the market horizon as ngél\rloagget STUC
the sum of the shadow price of the Power Balance Constraint (PBC) Sgction 713 RTD
for that BAA and interval and the Marginal Greenhouse Gas (GHG) o
Price for that Location and interval, divided by the Loss Penalty Tariff 844.2.4.3
Factor (LPF) for that Location and interval, plus the shadow prices of
all binding Intertie Scheduling Limits (ISLs) and Inter-Tie Constraints
(ITCs) associated with that SP-Tie Location, minus the congestion
contributions from all binding constraints in the base and FRU/FRD
deployment scenarios; the latter are the product of the shadow price
of the respective binding constraint times the shift factor of the
respective Location to that binding constraint in the relevant interval.

FRPDY- | The system shall decompose the SP-Tie LMP at each SP-Tie Existing RTPD
BRQO95 | Location of each BAA in the EIM Area in each interval of the market | System sSTUC
horizon to: Functionality

e The Marginal Energy Component (MEC); RTD
e The Marginal Loss Component (MCL);
e The Marginal Congestion Component (MCC); and
e The Marginal GHG Component.
Furthermore, the system shall decompose the MCC at each SP-Tie
Location of each BAA in the EIM Area in each interval of the market
horizon to components for each BAA in the EIM Area based on the
corresponding Congestion Distribution Factors (CDFs) for each
binding constraint contribution.
FRPDY- | The system shall calculate the Locational FRU Marginal Price Core RTPD
BRQO096 | (FRUMP) at each SP-Tie Location of each BAA in the EIM Area in )
each interval of the market horizon as if the SP-Tie Location is a gPM' Market STUC
o : o ; perations
Location in that BAA, plus the shadow prices of all binding Intertie Section 7.1.3 RTD
Scheduling Limits (ISLs) and Inter-Tie Constraints (ITCs) associated o
with that SP-Tie Location. This is required for the settlement of FRU | Tariff 844.2.4.3
awards from TGs.
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FRPDY- | The system shall calculate the Locational FRD Marginal Price Core RTPD
BRQO097 | (FRDMP) at each SP-Tie Location of each BAA in the EIM Area in )
each interval of the market horizon as if the SP-Tie Location is a BPM: Market STUC
L . S . Operations
Location in that BAA, plus the shadow prices of all binding Intertie Section 7.1.3 RTD
Scheduling Limits (ISLs) and Inter-Tie Constraints (ITCs) associated o
with that SP-Tie Location. This is required for the settlement of FRD | Tariff 8§44.2.4.3
awards from TGs.
_ | The system shall broadcast Locational Marginal Prices and
EEF()Q%;(S Locational FRU/FRD Marginal Prices for Pnode/Apnode/SP-Tie Core RTPD
Locations. BPM: Market RTD
Operations
Implementation Note: This data is published in OASIS as public Section 7.1.3
data. Tariff 844.2.4.3
FrpDy- | The system shall broadcast resource specific Locational FRU/FRD Core RTPD
BRQO99 Marginal Prices for Pnode/Apnode/SP-Tie Locations.
BPM: Market RTD
Implementation Note: This data is published in CMRI. Operations
Section 7.1.3
Tariff §844.2.4.3
FRPDY- | 1Ne system shall broadcast the shadow prices of binding Core RTPD
BRQ100 transmission and transfer constraints in the FRU deployment
scenarios. BPM: Market RTD
Operations
Implementation Note: This data is published in OASIS as public Section 7.1.3
data. Tariff §44.2.4.3
FRPDY- The system shall broadcast the shado_w prices of binding Core RTPD
BRQ101 transmission and transfer constraints in the FRD deployment
scenarios. BPM: Market RTD
Operations
Implementation Note: This data is published in OASIS as public Section 7.1.3
data. Tariff §44.2.4.3
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FRPDY- The system shall broadcast the FRU anpl F_R_D group capa_city Core RTPD
BRQ101 requirement for the pass group and the individual BA requirement
A BPM: Market RTD
Operations
Section 7.1.3
Tariff 8§44.2.4.3
ERPDY- The system shall broadcast_ thga _FRU and FRD group shadow price Core RTPD
BRQ101 for the pass group and the individual BA requirement to downstream
B systems. BPM: Market RTD
Operations
Section 7.1.3
Tariff 844.2.4.3
FRPDY- | System shall calculate the LMP for each Base ETSR Financial Core RTM
BRQ103 | Location as the sum of the following: Tariff §44.2.4.3 (STUC,
. SMEC HASP,
RTPD,
¢ Shadow price of the PBC of the FROM BAA, if the FROM BAA is RTD)
not CISO
e Shadow price of each ITC/ISL associated with the FROM BAA
and the INTERTIE of Base ETSR (or the Scheduling Point at that
INTERTIE, if the FROM BAA is CISO).
e Marginal GHG price, if the FROM BAA is not in the CA GHG
regulation area.
Note:
The CA GHG regulation area is the union of BAAs in CA; currently
CISO, BANC, and TID, and from 4/1/2021 for LADWP.
Refer to Appendix B — Symmetrical Settlement for Wheeling through
EIM BAAs (MF Definition) for example of MF Table definition.
FRPDY- | The system shall broadcast the Shadow price of the FRU/FRD Core RTM
104 procurement constraint.
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Note: For the BAAs which are passing the flex test, market will
publish them as FRU_PASS_GRP/FRD_PASS_GRP with group
definition.
FRPDY- | When a EIM BAA is in contingency, the BAA should be removed Core RTD
BRQ105 | from FLEX UP and FLEX DOWN passing group definition. There will
be no FRU/FRD procurement for that BAA.
FRPDY- | For each 5 minute while an EIM BAA is in contingency, the system Core RTD
BRQ106 | shall receive the updated histograms and polynomial coefficients
information for the updated FRU/FRD passing group, which does not
include that BAA.
Note: Refer to FRPDY-BRQ 010 and FRPDY-BRQO11 for the types
of histograms and polynomial coefficients needed for flex
requirement calculation.
FRPDY- | When an EIM BAA is in contingency, the FRU/FRD requirement for Existing RTD
BRQ107 | that BAA shall be set to zero. System
Functionality
FRPDY- | When an EIM BAA is in contingency, the system shall constrain the Existing RTD
BRQ108 | net transfer of the BAA to the net transfer in the base scenario from System
previous advisory intervals. Functionality
FRPDY- | System shall broadcast the updated FRU/FRD pass group Core RTD
BRQ109 | information to downstream systems.
FRPDY- | When CISO is under contingency (RTCD/RTDD), the FRU/FRD Existing RTCD/RT
BRQ110 | requirement for shall be set to zero for CISO. System DD
Functionality
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FRPDY- | When CISO is under contingency, Market shall continue to send out | Existing RTCD/RT
BRQ111 | payload for EIM BAAs using the advisory values of the pre- System DD
contingency RTD. Functionality
FRPDY- | System shall broadcast the 1% advisory interval (binding interval for | Core RTPD/RT
BRQ111 | FRP) FRU/FRD surplus price curve by FRP surplus zone. D
A Note: For FRD surplus price curve, the MW and Price need to be
multiplied by -1 for external posting.
System shall receive the min and max threshold value for the
FRPDY- . Core RTM
BRQ111 FRU/FRD requirement from Internal System.
B
FRPDY- System shall broadcast the FRP resource awards to downstream Core RTM
BRQ111
C
FRPDY- | The system shall use the EIM_AREA regression coefficients for Core RTPD
BRQ111 | calculating FRU/FRD uncertainty requirement for the FRU/FRD
: . . STUC
D passing group when Market does not get the dynamic coefficients
from Internal System in real time. RTD
FRPDY- | The system shall receive the 5-minute/15-minute FRU price curve Core RTPD
BRQ111 | {Qk, P, k = 1,2, ...,n} for each BAA in the EIM Area.
E STUC
RTD
Note: The FRU demand price curve has increasing positive
guantities (an ascending ordering shall be performed on the
quantities to ensure the MW quantities monotonically increasing)
and decreasing positive prices:
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F 3
—
—
S
+— FRUS
FRPDY- | The system shall receive the 5-minute/15-minute FRD demand price | Core RTPD
BRQ111 | curve {Q, Py, k = 1,2, ...,n} for each BAA in the EIM Area as default STUC
F price curve.
RTD

Note: The FRD demand price curve has decreasing negative
guantities (a descending ordering shall be performed on the
guantities to ensure the MW quantities monotonically decreasing)
and decreasing positive prices:

Fs
—
— !
— : !
FRDS —*
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FRPDY- Settlements shall receive the Forecasted Movement Awards from | Existing Settlements
BRQ112 | the payload Resource Awards. System
Functionality
FRPDY- Settlements shall receive FRU and FRD Uncertainty Awards Core Settlements
BRQ112A | from payload Flex Resource Awards
FRPDY- | Settlements shall receive Uncertainty Movement from payload Existing Settlements
BRQ112B | Resource Awards System
Functionality
FRPDY- Settlements shall receive the resource level FRUMP and FRDMP | Core Settlements
BRQ112D | from payload Flex Resource Awards
Note: The resource level/nodal FRUMP and FRDMP will not
include indications for host control area ID.
FRPDY- Settlements shall consume FRUMP and FRDMP from Pnode Core Settlements
BRQ113 | clearing payload. Tariff
Note: 811.25.2
The resource level/nodal FRUMP and FRDMP will not include
indications for host control area ID.
FRPDY- | Settlements shall receive the awards for forecasted movement Existing Settlements
BRQ114 | and uncertainty movement. System
Functionality
FRPDY- Settlements shall settle forecasted movement by FRUMP and Core Settlements
BRQ115 FRDMP host control area ID. :
Tariff
Note: 8§11.25.1.1
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For each BAA, the host control area ID shall either be EIM Area
or BAA specific depending upon the passing of the sufficiency
test.
Settlements shall use the FRU and FRD passing group
information derived from the payloads below to identify the host
control area ID
FRPDY- Settlements shall allocate forecasted movement to the BAA Core Settlements
BRQ116 | based upon the host control area ID. Tariff
Note: 8§11.25.1.1, 8
For the EIM_area host control area ID, Settlements shall allocate ﬁgg%g 8
the costs to the BAAs that pass the sufficiency test. B
For the forecasted movement cost associated with the BAA that
did not pass the sufficiency test, those costs will allocated to the
metered demand of that BAA.
FRPDY- | Settlements shall settle uncertainty awards by FRUMP and Core Settlements
BRQ117 | FRDMP
For each BAA, the host control area ID shall either be EIM Area
or BAA specific depending upon the passing of the sufficiency
test.
Settlements shall use the FRU and FRD passing group
information derived from the payloads below to identify the host
control area ID
FRPDY- | Settlements shall calculate the categories (Supply/Intertie/Load) | Core Settlements
BRQ117A | for the EIM Area Pass Group. ,
Tariff
811.25.2.2
Note: For all EIM entities that pass either FRU or FRD
settlements will derive the total quantity of each category.
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FRPDY- | Settlements shall allocate uncertainty awards to the BAA based Core Settlements
BRQ118 | upon the pass group. Tariff
Notes 8§11.25.2.2

e Forthe EIM_area host control area ID, Settlements shall
allocate the costs to the BAAs that pass the sufficiency
test based on their categories.

e For the uncertainty award cost associated with the BAA
that did not pass the sufficiency test, those costs will be
allocated to the BAA based on its categories and any
residual unallocated balance to the metered demand of

that BAA.

FRPDY- | Settlements shall consume the FRU passing group information Core Settlements
BRQ119 | for every fifteen minutes of the trade date from FMM. Tariff

§11.25.2.2
FRPDY- | Settlements shall consume the FRD passing group information Core Settlements
BRQ120 | for every fifteen minutes of the trade date from FMM. Tariff

811.25.2.2
FRPDY- Settlements shall consume FRU/FRD constraint shadow prices Core Settlements
BRQ121 | associated with the FRU/FRD deployment scenarios. Tariff

811.25.2.2,

844.2.4.3
FRPDY- Settlements shall not assess grid management charges or Existing Settlements
BRQ122 | Flexible ramp forecasted movements and uncertainty awards. System

Functionality

FRPDY- System shall receive the FRP Resource awards from RTM Core Settlements
BRQ122A
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5.3 Business Process: Manage Open Access Same Time Information
System (OASIS)
5.3.1 Business Requirements
Requirement | Potential
ID# Business Feature Type Application(s)
Impacted
FRPDY- | OASIS shall publish the RTPD passing group ID /failing entities Core OASIS
BRQ124 :Z legrr\]qgrw entity determine who are part of the EIM area BPM: Market
q ' Instruments
This report is titled as: Flexible Ramp Test Result Groups Section 10
FRPDY- | OASIS shall publish the every RTD run passing group ID /failing | Core OASIS
BRQ124A eel?élamiz tgi;/émcet:]tElM entity determine who are part of the EIM BPM: Market
q ' Instruments
Section 10
FRPDY- | OASIS must report the FRU/FRD Nodal prices at the Pnode level | Core OASIS
BRQ125 gnnrda:lq_lF_’E)ngidn%sihSI;g:ekse?rr\SnAP—nodes calculated by the FMM BPM: Market
9 ' Instruments
This report is titled “Flexible Ramping Nodal Prices” Section 12
FrPDY- | OASIS must report the shadow price for binding constraints | -q OASIS
BRQ126 in FRU and FRD deployment scenarios for RTPD & RTD.
BPM: Market
Instruments
Section 12
FRPDY- | The system shall publicly report on the total RTD Binding Core OASIS
BRQ127 re:?ourc% for_ecéast grouped by EIM Entity by technology type for BPM: Market
solar and wind. Instruments
This report is titled “Flexible Ramping Forecasts” Section 12
FRPDY- | The system shall publicly report on the total RTD and RTPD 1% Core OASIS
BRQ128 ![nter:va: adV|tsoryfre50u|r0e fodrec_asg grouped by EIM Entity by BPM: Market
echnology type for solar and wind. Instruments
This report is titled “Flexible Ramping Forecasts Section 12
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Requirement | Potential
ID# Business Feature Type Application(s)
Impacted
FRPDY- | The system shall publicly report on the total RTD Binding Core OASIS
BRQ129 | resource forecast grouped by EIM Entity for demand. BPM: Market
This report is titled “Flexible Ramping Forecasts. Instruments
Section 12
FRPDY- | The system shall publicly report on the total RTPD and RTD 1* Core OASIS
BRQ130 ![ntehrva: adv;soryfres(;)urce fdorecast grouped by EIM Entity by BPM: Market
echnology type for demand. Instruments
This report is titled “’Flexible Ramping Forecasts” Section 12
_ | The system shall continue to publicly report on FRU/FRD shadow
EEFQ)?L price and EIM Area Requirement of each BAA calculated by OASIS
market run for RTPD & RTD. Core
Existing Report: “Flexible Ramping Constraint Result”. BPM: Market
Instruments
Section 12
FRPDY- | OASIS must report the Flex ramp up surplus price curve by Core OASIS
D o
BRQ137 BAA from the 2™ Binding interval for RTD and 3" Binding BPM: Market
interval for RTPD
Instruments
This information will now be calculated and sent out by the Section 12
market.
This is an existing report is titled “Flexible Ramp Surplus Price
Demand Curve”
FRPDY- | OASIS must report the Flex ramp down surplus price curve by Core OASIS
i o
BRQ138 ]ICBAAR;ch))r[r)\ the 2™ Binding interval for RTD and 3™ Binding interval BPM: Market
or ' Instruments
This information will now be calculated and sent out by the Section 12
market.
This is an existing report is titled “Flexible Ramp Surplus Price
Demand Curve”
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5.4 Business Process: Manage CAISO Markets Results Interface
5.4.1 Business Reguirements
Requirement | Potential
ID# Business Feature Type Application(s)
Impacted
FRPDY- | System shall receive and display the FRP Resource Awards from | Core CMRI

BRQ138B | RTM.
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5.5 Business Process: Business Process: Market/Business Simulation
5.3.1 Business Requirements

This section shall provide a basis for the development of the Market/Business Simulation Scenarios.
These requirements will provide guidance on the market participant impacts, inputs into the
Scenarios, endpoints to the Scenarios and reasons for potential Scenarios. The guidance on market
participant impacts shall be gathered from the requirements that impact rules, interfaces,
applications/reports, new system processes, new/modified data models and new user roles. The
source and sink systems shall be determined through the development of the system context
diagram and the web service requirements. The Reason for the Potential Scenario column will be to
offer guidance regarding what potential Scenarios, and their context, may be needed for this project.
This section applies to all policy development projects, market enhancements, technology
enhancements, operation enhancements, Energy Imbalance Market (EIM) implementations and
Reliability Coordination (RC) service implementations.

In the Reason for Potential Scenario column, the Business Analyst must select one or more of the
following reasons:

1. Rule Impacts: Generalized changes in market rules, bidding rules, settlements rules, market
design changes, or other business rules.

2. Interface changes: Changes that impact templates (e.g. the Resource Adequacy {RA} supply
plan), user interface (Ul), and application programming interface (API) (e.g. retrievals of new
shadow settlement data).

3. New application/report: Changes that cause addition/modification of market software or reports,
especially when market data input is required by the market participant.

4. New system process: Modification of data flow in systems, especially if the new process
requires the market participant to demonstrate proficiency prior to production.

5. New/Modified model data: Addition or substantial modification of model data as a market
solution provided by the ISO.

6. New user role: The addition or modification of access permissions for a user role applied to
specific business units within an EIM entity or market participant organization (e.g. Load Serving
Entity (LSE) as a Local Regulatory Authority (LRA) role). Scenarios are beneficial for market
participants taking on a new function or process within their organization.

5.5.1 Business Requirements

Note: The market simulation scenarios will be covered extensively in the Market Sim
Scenario document.

POC: The Project team
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: Reason for
: - Source Sink .
ID# Guidance on Market Participant Impacts System System Potentlfal
Scenario
FRPDY- | Demonstrate the variability of locational pricing for RTM OASIS, 1. Rule Impacts
MKTO001 | FRU. (S:Z:Tel’ments 2. Interface
changes
FRPDY- | Demonstrate the variability of locational pricing for RTM OASIS, 1. Rule Impacts
MKTO002 | FRD. CMRI, > Interf
Settlements | | nterface
changes
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6 Appendix A: Flexible Ramping Product
Refinements: Procurement and Deployment
Scenarios Draft Technical Description

6.1 Introduction

This technical paper describes an enhancement to the Flexible Ramping Product (FRP) procurement
in the Real-Time Market (RTM) to address situations where FRP awards are awarded behind binding
transmission constraints that would prevent their deployment when uncertainty materializes. FRP
awards are awarded based on the opportunity cost of reserved capacity versus the revenue from
dispatching this capacity as energy. For resources constrained by binding transmission constraints,
there is no opportunity cost for reserving capacity above their constrained energy dispatch; therefore,
the RTM awards FRP to that capacity to minimize the overall operating cost. This is because the
current FRP procurement in the RTM, with its extension to the Energy Imbalance Market (EIM), is at
the Balancing Authority Area (BAA) level without any regard to binding transmission constraints.

The existing method seriously undermines the quality and objective of the FRP initiative, and it also
raises a reliability concern because the system may be ill prepared to respond to large amounts of
uncertainty when they materialize in real time. The proposed method in this technical paper, as part
of the FRP Refinements initiative, procures locational FRP awards that their full deployment does not
violate transmission constraints or scheduling limits in the entire EIM Area. This is achieved by
augmenting the RTM mathematical optimization problem with FRP deployment scenarios subject to
the same transmission constraints that are enforced in the original problem of serving the demand
forecast. Although there are potentially many FRP deployment scenarios depending on how much
and where uncertainty may materialize in the system, only the two following deployment scenarios
are selected for simplicity:

1) Flexible Ramp Up (FRU) deployment of all FRU awards to meet the maximum upward
uncertainty requirement (97.5 uncertainty percentile) that may materialize in each BAA in the
EIM Area, net of any FRU elastic demand relaxation.

2) Flexible Ramp Down (FRD) deployment of all FRD awards to meet the maximum downward
uncertainty requirement (2.5 uncertainty percentile) that may materialize in each BAA in the
EIM Area, net of any FRD elastic demand relaxation.

The distribution of the upward and downward uncertainty in the deployment scenarios in each BAA
is divided among load, solar, and wind resources. The allocation factors are derived from historical
data that reflect the relative contributions of these resource classes to the overall uncertainty.
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The enhancement provides also an opportunity to redesign the FRP procurement in EIM, which is
currently overly complex and not entirely accurate in modeling EIM diversity.

6.1.1 Current FRP Procurement Implementation

In the current implementation, FRU/FRD is procured with different constraints for each BAA and a
constraint for the entire EIM Area. If a BAA has passed the FRU/FRD sufficiency test, the FRU/FRD
requirement for that BAA is not only reduced by the FRU/FRD demand elasticity, but also by the
available net import/export transfer capacity from/to other BAAs in the EIM Area to maximize the
benefits of BAA diversity and economic displacement by participating in the EIM. On the contrary, if
a BAA has failed the FRU/FRD sufficiency test, the FRU/FRD requirement for that BAA is only reduced
by the FRU/FRD demand elasticity and a FRU/FRD credit equal to the net transfer that is optimally
scheduled above/below the net base transfer. The justification for the credit is that it can be recalled
in the next market run if needed to meet materialized uncertainty. An additional constraint is
enforced for each BAA that has failed the FRU/FRD sufficiency test to limit its net transfer
import/export below/above its net base transfer to prevent leaning on other BAAs in the EIM Area.

Besides ignoring transmission constraints, the current implementation has the following drawbacks:

e For a BAA that has passed the FRU/FRD sufficiency test, the calculation of the net
import/export transfer capacity from/to other BAAs in the EIM Area considers only the
available transfer capacity on the transfers of that BAA alone. Subtracting that net
import/export transfer capacity from the FRU/FRD requirement of that BAA assumes that it
can be fully used to satisfy the FRU/FRD requirement in that BAA from other BAAs in the EIM
Area. However, that may not be possible due to transfer constraints beyond the BAA boundary
and resource ramp capability constraints, which are not considered in this evaluation.

e Similarly, when the uncertainty materializes in a BAA that has failed the FRU/FRD sufficiency
test, it is assumed that the FRU/FRD credit for that BAA can be fully cashed out by recalling
net export/import transfer above/below the net base transfer. However, that may not be
possible due to transfer constraints beyond the BAA boundary and resource ramp capability
constraints, which are not considered in this evaluation.

e The FRU/FRD awards in a BAA satisfy the FRU/FRD requirements not only in that BAA, but
also in the EIM Area. Similarly, the FRU/FRD demand elasticity in a BAA reduces the FRU/FRD
requirements not only in that BAA, but also in the EIM Area, because otherwise, the demand
elasticity in that BAA may be substituted by additional FRU/FRD awards outside that BAA, or
by FRU/FRD demand elasticity at the EIM Arealevel. Nevertheless, additional constraints must
be enforced to prevent FRU/FRD demand elasticity in excess of the minimum required to
result in no FRU/FRD awards in that BAA when the cost of the former is less than the cost of
the latter. These constraints compound on the complexity of the FRP procurement method
resulting in an overly complex and non-transparent model.

6.1.2 Proposed Enhancement
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In the proposed enhancement, the FRU/FRD procurement is significantly simplified for BAAs that
have passed the FRU/FRD sufficiency test by formulating a single constraint for the extreme
uncertainty in the entire BAA group, reduced by the FRU/FRD demand elasticity in that BAA group.
For each BAA that has failed the FRU/FRD sufficiency test, FRU/FRD is still procured separately for
the respective FRU/FRD requirement, but the latter is only reduced by the FRU/FRD demand
elasticity in that BAA, without any FRU/FRD credit. An additional constraint is enforced for each BAA
that has failed the FRU/FRD sufficiency test to limit its net transfer import/export below/above its
net base transfer to prevent leaning on other BAAs in the EIM Area. Furthermore, in both cases, all
transmission and transfer constraints are enforced in the FRU/FRD deployment scenarios. The result
is locational FRU/FRD awards that their full deployment does not violate any transmission or transfer
constraints in the entire EIM Area.

FRU/FRD credit is not supported in this proposal because the FRU/FRD procurement for BAAs that
have failed the FRU/FRD sufficiency test is strictly separate from the FRU/FRD procurement for BAAs
that have passed the FRU/FRD sufficiency test. Allowing a FRU/FRD credit for BAAs that have failed
the FRU/FRD sufficiency test must appear as an additional FRU/FRD requirement for the group of
BAAs that have passed the FRU/FRD sufficiency test. This would overly complicate the FRU/FRD
procurement and cost allocation. Without FRU/FRD credit, the FRU/FRD cost allocation is greatly
simplified because the FRU/FRD cost is contained within each BAA that has failed the FRU/FRD
sufficiency test, and separately in the group of BAAs that have passed the FRU/FRD sufficiency test.

6.2 Assumptions

The following assumptions are made in this technical paper:
e There are no capacity bids for FRU/FRD; they are priced at opportunity costs.
e Only S5min dispatchable resources are eligible for FRU/FRD awards.

e Variable Energy Resources (VERs) are scheduled up to their forecast and they may be awarded
FRU/FRD; VER FRU/FRD awards are deployed in the FRU/FRD deployment scenarios.

e All physical transmission constraints that are enforced in the original problem including base
case and contingency constraints are also enforced in the FRU/FRD deployment scenarios.

e All transfer constraints that are enforced in the original problem are also enforced in the
FRU/FRD deployment scenarios.

e The distribution of the FRU/FRD requirements in the FRU/FRD deployment scenarios in each
BAA is divided among load, solar, and wind resources; the allocation factors are derived from
historical data that reflect the relative contributions of these resource classes to the overall
uncertainty.

e The FRU/FRD demand elasticity is achieved with FRU/FRD surplus variables with cost curves
that reflect the expected cost of foregoing FRU/FRD procurement so that FRU/FRD is not
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procured at a higher cost than the benefit it provides. The FRU/FRD surplus variables are
modeled as independent controls in each FRP Surplus Zone, effectively relaxing the distributed
FRU/FRD requirements in the respective zone.

6.3 Notation

The following notation is used in this technical paper:

Resource/node index.

BAA indices (0 for CISO).

Energy transfer schedule (ETSR) index for a given BAA pair (for different interties
and/or ETSR classes like base, static, or dynamic).

Transmission or ITC/ISL constraint index.

Ancillary Services Region index.

FRP Surplus Zone index.

Superscript denoting FRU deployment scenario values.

Superscript denoting FRD deployment scenario values.

The unit of time for energy calculations (60min).

Flexible Ramp time domain (5min).

Ancillary services time domain (10min).

Ancillary services awards duration (15min).

Sustained energy time period for contingency reserve dispatch (30min).
Time period duration (15min in FMM and 5min in RTD).

Number of time periods in the FMM or RTD time horizon.

Granularity adjustment factor (3 in FMM and 1 in RTD).

Ancillary services adjustment factor (1 in FMM and % in RTD).

For all...

Member of...

Not member of...

Logical and...

Union...

Intersection...

Leads to...

Denotes incremental values from the previous iteration or incremental load
adjustments in the FRU/FRD deployment scenarios.

Set of resources in BAA j.

Set of BAAs in the EIM Area.

Set of FRP Surplus Zones in BAA j.

Set of BAAs that pass the Flexible Ramp Up sufficiency test in time period t.
Set of BAAs that pass the Flexible Ramp Down sufficiency test in time period t.
Set of S5min-start units (SUT < 5min) that can provide FRU from offline status (u = 0).
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LOL;,
UOL;,
LRL;,
URL;,
LEL;,
UEL;,
CLit

LCL;,
UCL;,
SUC;,
SUT;,
MLC;,
PCi,t
PL;,
EN;
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Set of Fast-Start Units (SUT < 10min) that can be certified to provide Non-Spinning
Reserve from offline status (u = 0).

Set of resources in Ancillary Services Region r.

Set of resources in FRP Surplus Zone z.

Set of import resources, including ETSRs, associated with ITC/ISL m.

Set of export resources, including ETSRs, associated with ITC/ISL m.

Set of intertie resources, including ETSRs, associated with ITC/ISL m; S,,, = I,,, U E,,.
Set of Pumped-Storage Hydro Resources.
Set of Limited Energy Storage Resources.
Set of Solar Variable Energy Resources.
Set of Wind Variable Energy Resources.

Binary (0/1) variable indicating commitment status (offline/online) for Resource i in

time period t. For Pumped-Storage Hydro Resources, 1 indicates generating mode
operation. For Limited Energy Storage Resources, 1 indicates discharging mode
operation.

Binary (0/1) variable for Pumped-Storage Hydro Resources indicating pumping
mode operation in time period t.

Binary (0/1) variable indicating that Resource i has a start-up in time period t.
Pumping efficiency of Pumped-Storage Hydro Resource i, or charging efficiency of
Limited Energy Storage Resource i.

Objective function.

Lower Operating Limit of Resource i in time period t.

Upper Operating Limit of Resource i in time period t.

Lower Regulating Limit of Resource i in time period t.

Upper Regulating Limit of Resource i in time period t.

Lower Economic Limit of Resource i in time period t.

Upper Economic Limit of Resource i in time period t.

Capacity Limit for Resource i in time period ¢; UEL;; < CL;; < UOL;; it defaults to
UOL;,; itis used to limit regulation awards.

Lower Capacity Limit of Resource i in time period t.

Upper Capacity Limit of Resource i in time period t.

Start-Up Cost for Resource i in time period t.

Start-Up Time for Resource i in time period t.

Minimum Load Cost for Resource i in time period t.

Pumping cost for Pumped Storage Hydro Resource i in time period t.

Pumping level for Pumped Storage Hydro Resource i in time period t.

Energy schedule of Resource i in time period ¢t; positive for supply (generation and
imports) and negative for demand (demand response and exports).
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IT g1t
ETjkpe
[Tk
ETjkue
ITj e

ETj ke

FRU; ,
FRD;
FRUS,

FRDS,
FRUS; )
FRDS; )

RU; ¢
RD;¢
SR;
NR;
RUBC;,
RDBC;,
SRBC;,
NRBC; ,
ENBP,,
FRUSP; ,
FRDSP;
RUBP,,
RDBP,,

Demand forecast for BAA j in time period .

Load at load node i in time period t.

Net transfer of EIM BAA j in time period ¢; positive for export and negative for import.
Net base transfer of EIM BAA j in time period t.

Upper scheduling limit on net transfer of BAA j in time period t.

Lower scheduling limit on net transfer of BAA j in time period t.

Import energy transfer schedule (ETSR) /to BAA j from BAA k in time period t.
Export energy transfer schedule (ETSR) / from BAA j to BAA k in time period t.

Base import energy transfer schedule (ETSR) [ to BAA j from BAA k in time period t.
Base export energy transfer schedule (ETSR) I from BAA j to BAA k in time period t.
Scheduling limit of the import energy transfer schedule (ETSR) / to BAA j from BAA k
in time period t.

Scheduling limit of the export energy transfer schedule (ETSR) I from BAA j to BAA k
in time period t.

Flexible Ramp Up award of Resource i for potential delivery in time period t.
Flexible Ramp Down award of Resource i for potential delivery in time period t.
Flexible Ramp Up surplus (elastic demand) in FRP Surplus Zone z in BAA j in time
period t.

Flexible Ramp Down surplus (elastic demand) in FRP Surplus Zone z in BAA j in time
period t.

Flexible Ramp Up surplus (elastic demand) distributed to node i in FRP Surplus Zone
zin BAAjin time period t.

Flexible Ramp Down surplus (elastic demand) distributed to node i in FRP Surplus
Zone z in BAA j in time period t.

Regulation Up award of Resource i in time period t.

Regulation Down award of Resource i in time period t.

Spinning Reserve award of Resource i in time period t.

Non-Spinning Reserve award of Resource i in time period t.

Regulation Up bid capacity of Resource i in time period t.

Regulation Down bid capacity of Resource i in time period t.

Spinning Reserve bid capacity of Resource i in time period t.

Non-Spinning Reserve bid capacity of Resource i in time period .

Energy bid price of Resource i in time period t.

Flexible Ramp Up surplus (elastic demand) price in BAA j in time period t.

Flexible Ramp Down surplus (elastic demand) price in BAA j in time period t.
Regulation Up bid price of Resource i in time period t.

Regulation Down bid price of Resource i in time period t.
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SRBP;,
NRBP;,
FRUR;
FRDR;
FRUR,

FRDR,

FRUDF;
FRUSF;,
FRUWF;
FRDDF;,
FRDSF;,
FRDWF;
FRUDF,

FRUSF,
FRUWF,
FRDDF,

FRDSF,

RUR,,
RDR,,
SRR,
NRR,
RRU;(p, )

RRD;(p, )
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Spinning Reserve bid price of Resource i in time period t.

Non-Spinning Reserve bid price of Resource i in time period t.

Flexible Ramp Up requirement in BAA j in time period t.

Flexible Ramp Down requirement in BAA j in time period t.

Flexible Ramp Up requirement in the group of BAAs that have passed the Flexible
Ramp Up sufficiency test in time period t.

Flexible Ramp Down requirement in the group of BAAs that have passed the Flexible
Ramp Down sufficiency test in time period t.

Flexible Ramp Up demand allocation factor in BAA j in time period .

Flexible Ramp Up solar allocation factor in BAA j in time period t.

Flexible Ramp Up wind allocation factor in BAA j in time period t.

Flexible Ramp Down demand allocation factor in BAA j in time period t.

Flexible Ramp Down solar allocation factor in BAA j in time period t.

Flexible Ramp Down wind allocation factor in BAA j in time period t.

Flexible Ramp Up demand allocation factor in the group of BAAs that have passed the
Flexible Ramp Up sufficiency test in time period t.

Flexible Ramp Up solar allocation factor in the group of BAAs that have passed the
Flexible Ramp Up sufficiency test in time period t.

Flexible Ramp Up demand wind factor in the group of BAAs that have passed the
Flexible Ramp Up sufficiency test in time period t.

Flexible Ramp Down demand allocation factor in the group of BAAs that have passed
the Flexible Ramp Down sufficiency test in time period t.

Flexible Ramp Down solar allocation factor in the group of BAAs that have passed the
Flexible Ramp Down sufficiency test in time period t.

Flexible Ramp Down demand wind factor in the group of BAAs that have passed the
Flexible Ramp Down sufficiency test in time period t.

Flexible Ramp Up requirement distributed to BAA j in the group of BAAs that have
passed the Flexible Ramp Up sufficiency test in time period t.

Flexible Ramp Down requirement distributed to BAA j in the group of BAAs that have
passed the Flexible Ramp Down sufficiency test in time period t.

Regulation Up requirement in Ancillary Services Region r and time period t.
Regulation Down requirement in Ancillary Services Region r and time period t.
Spinning Reserve requirement in Ancillary Services Region r and time period .
Non-Spinning Reserve requirement in Ancillary Services Region r and time period t.
Piecewise linear ramp up capability function of Resource i from energy schedule p
for time domain 7.

Piecewise linear ramp down capability function of Resource i from energy schedule p
for time domain 7.
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Lowest ramp up capability within the applicable operating range of Resource i in
time period t for time domain 7.

Lowest ramp down capability within the applicable operating range of Resource i in
time period t for time domain 7.

Loss Penalty Factor for node i in time period t.

Load distribution factor for node i in BAA j in time period t.

Solar distribution factor for node i in BAA j in time period t.

Wind distribution factor for node i in BAA j in time period t.

Solar forecast at node i in BAA j in time period t.

Wind forecast at node i in BAA j in time period t.

Shift Factor for energy injection at node i on network constraint m in time period t.
Aggregate Shift Factor for the Flexible Ramp Up surplus (elastic demand) injection in
FRP Surplus Zone z in BAA j on network constraint m in the FRU deployment
scenario in time period t.

Aggregate Shift Factor for the Flexible Ramp Down surplus (elastic demand)
injection in FRP Surplus Zone z in BAA j on network constraint m in the FRD
deployment scenario in time period t.

Active power flow on network constraint m in time period t.

Initial active power flow or scheduled flow from the ACPF solution on network
constraint m in time period t.

Lower active power flow or scheduling limit on network constraint m in time period
t.

Upper active power flow or scheduling limit on network constraint m in time period
t.

Lower active power flow limit adjusted for reactive power flow on network
constraint m in time period t.

Upper active power flow limit adjusted for reactive power flow on network
constraint m in time period t.

Shared ramping coefficient for Regulation.

Shared ramping coefficient for Spinning Reserve.

Shared ramping coefficient for Non-Spinning Reserve.

Shared ramping coefficient for Flexible Ramp.

Maximum Energy Limit for Resource i in a given RTM run.

Minimum Energy Limit for Resource i in a given RTM run.

State of Charge for Limited Energy Storage Resource i in time period t.

Maximum State of Charge for Limited Energy Storage Resource i in time period .

Minimum State of Charge for Limited Energy Storage Resource i in time period t.
Shadow price of energy balance constraint for BAA j in time period t.
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,1@’? Shadow price of energy balance constraint in the FRU deployment scenario for BAA j
7 in the group of BAAs that pass the FRU sufficiency test in time period t.
A}‘? Shadow price of energy balance constraint in the FRD deployment scenario for BAA j
' in the group of BAAs that pass the FRD sufficiency test in time period t.
Pjt Shadow price of FRU procurement constraint for BAA j in time period t.
0j ¢ Shadow price of FRD procurement constraint for BAA j in time period t.
Pt Shadow price of FRU procurement constraint for the group of BAAs that pass the
FRU sufficiency test in time period t.
o Shadow price of FRD procurement constraint for the group of BAAs that pass the
FRD sufficiency test in time period t.
Mt Shadow price of network constraint m in time period t.
LMP;, Locational Marginal Price for Energy at node i in time period t.

FRUMP;, Marginal Price for the Flexible Ramp Up award of Resource i in time period t.
FRDMP;, Marginal Price for the Flexible Ramp Down award of Resource i in time period t.

6.4 Mathematical Formulation

The focus of the mathematical formulation in this technical paper is on the revised FRU/FRD
procurement method and the extension of the EIM problem with the network constraints in the
FRU/FRD deployment scenarios. Emphasis is given on the particular elements that are required for
this task. Known existing features that apply in general to the Security Constrained Unit Commitment
(SCUC) engine, such as unit commitment, inter-temporal constraints, multi-state generator (MSG)
modeling, nomograms, and soft constraint penalty relaxation or scarcity treatment, are not included
for simplicity. These features do not materially affect the extension of the EIM problem with the
FRU/FRD deployment scenarios.

6.4.1 General Problem Formulation

The SCUC problem is a Mixed Integer Linear Programming (MILP) formulation of minimizing the
objective function subject to equality and inequality constraints:

min C(x)
s.t. Aeq x= beq
Ax<b

6.4.2 Flexible Ramp Capacity Model

This section gives a brief overview of the Flexible Ramp Capacity model without any ancillary services
and EIM transfers for simplicity. Figure 1 below shows the Energy schedule and the FRU/FRD
deployment scenario targets in a given time interval.
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Figure 1. RTM targets for Energy and FRU/FRD

The constraints to meet these targets in the RTM problem are as follows:

Z EN;, = D, )
i

D FRUy = FRUR A ( — 19, N
i

z FRD;, = FRDR,
i

J

FRU/FRD is ramping capacity between intervals reserved to meet uncertainty in the net demand
forecast that may materialize in the next market run. Figure 2 shows the potential FRU/FRD awards
for a physical resource in a given time interval that can be reserved for the next market run based on
its energy schedule in the previous time interval and its ramp capability.
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MW .- FRUi
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ENer 15
FRDi.
t-1 t

Figure 2. Energy schedules and FRU/FRD awards

The dashed lines represent the upward and downward ramp capability of the resource from its
energy schedule in the previous time interval. The FRU/FRD awards are limited by that ramp
capability; they represent ramping capacity that is reserved from the scheduled ramp from the
previous time interval to the next time interval to meet any uncertainty that may materialize in next
market run.

The energy schedules and FRU/FRD awards are calculated simultaneously by co-optimizing all
commodities. They are constrained by the following set of capacity and ramp capability constraints:

LEL;, + FRD;, < EN;, < UEL;, — FRU;,
EN;; — EN;;_y < RRU;{(EN;,_,,AT) — GAF § FRU;; % viAt=1.2,..,N
EN;; — EN;y_y = —RRD;(EN;,_,,AT) + GAF 8 FRD;,

The granularity adjustment factor (GAF) converts the 5min FRU/FRD awards to the market time

domain; it is 3 in FMM and 1 in RTD. These constraints are more complicated when considering
ancillary services awards, as shown in §6.4.12 and §6.4.13.

6.4.3 Objective Function

The objective function, ignoring MSG state transitions and regulation mileage, but including the
FRU/FRD demand elasticity, and assuming flat (single segment) energy and demand elasticity bids
for simplicity, is as follows:
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C= Zzyltsuclt-l'zz ltMLClt Z Z LtPCLt+ZZ lt(ENlt LOth)ENBPlt

=1 lESpSH t=
+ z Z RU;, RUBP;, + Z Z RD;, RDBP;, + Z Z SR;; SRBP;
1 i€EBAAy 1 iEBAA =1 i€EBAA,
+ Z Z NR;; NRBP,, +Z Z FRUSP;, Z FRUS,
1 iEBAA, =1 jEEIM ZEZj
+ Z z FRDSP; Z FRDS,

t=1 jEEIM Z€Z;

The unit commitment binary variables are fixed in RTD, thus the startup and minimum load costs are
not included in the objective function. All online services are zero when the resource is offline,
whereas Non-Spinning Reserve can be provided by offline Fast-Start Units (SUT < 10min) and FRU
can be provided by offline 5min-start units (SUT < 5min),:

ENi,t = RUi,t = RDi,t = SRi,t = FRDi,t = 0
ui,t=0—> NRi,t=0,Vi$510 ,Vint=12,..,N
FRUl"t == O,Vl $ 55
System Resources (SRs), Intertie Transactions (TIDs), and Non-Generator Resources (NGRs) have no
discontinuities or inter-temporal constraints, thus they are always online (u = 1). Ancillary services
and FRU/FRD can only be awarded to resources certified to provide them. Any 5min dispatchable

physical resource can be certified to provide FRU/FRD. Any resource certified for FRU/FRD with
energy bids can be awarded FRU/FRD.

The FRU/FRD surplus (demand elasticity) price for each BAA in the EIM Area is derived as the
expected cost of uncertainty, i.e., the product of the probability of uncertainty materializing and the
energy bid ceiling/floor.

6.4.4 Power Balance Constraints
A power balance constraint is enforced for each BAA in the EIM Area, as follows:
ENiy —D;; =T;;,VjEEIMAt=12,..,N
{EBAA;

The net transfer for each BAA is the mismatch of the respective power balance constraint. The
demand forecast is distributed to the load nodes in each BAA using load distribution factors that are
adopted from the State Estimator solution for the relevant season, type of day, and time of day. The
distributed load, accounting for transmission losses, is adjusted by the distributed load slack in the
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AC power flow (ACPF) solution while maintaining the Net Scheduled Interchange (NSI) for each BAA,
but it is not a variable in the RTM, hence the linearized power balance constraints are as follows:

AEN; ,
LPF;,

= AT, Vj €EEIMAt=12,..,N
{EBAA;

The incremental energy injections are divided by the corresponding Loss Penalty Factors to account
for changes in transmission losses from the previous ACPF solution. The Loss Penalty Factors are
derived from the Jacobian (matrix of first partial derivatives) of the ACPF equations.

6.4.5 Transfers

The net transfer may be constrained by scheduling limits, e.g., when the BAA has failed the flexible
ramping sufficiency test or when it is under contingency, as follows:

Tjo<Tj <Tj,VjEEIMAt=12,..,N

The net transfer is distributed optimally to the energy transfer schedules (ETSRs) defined on various
interties between BAAs, as follows:

Tir = Z Z(ETjjk,llt —1ITjp;c), Vi €EEIMAt =12,..,N

KEEIM ]
k#j

For any given intertie, the power flow will be in one direction; hence, only the export or the import
ETSR may have a positive schedule.

The energy transfer schedules are symmetric:
E’I}',k,l,t = ITk,j,l,tlvj' k € EIM /\] * k ANt = 1,2, ey N
Due to the symmetry, the sum of all net transfers nets to zero:
Z Tir=0t=12,..,N
JEEIM

This is expected because the sum of all power balance constraints yields the system power balance
for the entire EIM Area.

The distribution of the net transfer observes the applicable ETSR scheduling limits:
0 < ETjrue < ETjrue

_ },Vj,k €EEIMAj#kAVIAt=12,..,N
0 < ITj e < ITjpue

It is assumed that the ETSR scheduling limits are also symmetric:

ETjpue =Ty 10 Vi k EEIMAj £k AVIAt =12, ..,N
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There are three different transfer types:

a) Base transfers are fixed in both FMM and RTD at their base schedules. Currently, there are no
base transfers with the CISO; they are defined only between EIM BAAs.

b) Static transfers are variable in FMM, but fixed in RTD.

c) Dynamic transfers are variables in both FMM and RTD. However, at interties where static
transfers are defined, dynamic transfers are scheduled only in RTD.

The net base transfer is derived as the net of all base transfers, as follows:

Tie = Z Z(E‘Tj,k,l,t —1ITjy1e), Vi €EIMAt =12,..,N

kKEEIM |
k+*j

Since, base transfers are not defined with the CISO:
Tor=0t=12,..,N

Transfer constraints are also enforced under the FRU/FRD deployment scenarios as described in
§6.4.11.3

6.4.6 Ancillary Services Procurement Constraints

With regional ancillary services procurement, the constraints are as follows:

N

Z RD;, > RDR,,
ies,
Z RU;, > RUR,,
€3 \ vrAt=12 .. N
Z RU,, + Z SRi; > RUR,, + SRR, ,
i€s, i€s,
Z RU;, + z SR, + Z NRi, > RUR,, + SRR, + NRR,,
i€5, i€s, i€5, J

Ancillary services are procured in FMM and they are fixed in RTD. FRU/FRD awards are procured in
FMM and then re-procured in RTD. Currently in the EIM, ancillary services are procured only in the
CISO. Ancillary services base schedules can be submitted for resources in EIM BAAs, but they are not
optimized. The ancillary services regions are nested under the CISO region and the regional
requirements are the minimum requirements for the region. Cascaded procurement is employed
where higher quality services can meet the requirements for lower quality services. FRU/FRD do not
overlap or cascade with ancillary services because they are reserved capacity that can be dispatched
or re-procured in real time irrespective of regulation or contingency response needs.
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6.4.7 Upper/Lower Capacity Bounds

The ancillary services and FRU/FRD upper/lower bound constraints are as follows:
0 <RD;y < RDBCj ;Y
0 <RU;y < RUBC;,
0 < SR;: < SRBC;;
0 < NR;; < NRBC;;
0 < FRU;,
0 < FRD;; J

L Vint=12,..,N

The ancillary services capacity bids are limited by the corresponding certified quantities. There are
no capacity bids for FRU/FRD.

The ancillary services and FRU/FRD awards are further constrained by capacity and ramp capability
constraints, described in §6.4.12 and §6.4.13 respectively.

6.4.8 Flexible Ramp Procurement Constraints
FRU/FRD is procured separately for each BAA that has failed the FRU/FRD sufficiency test:
)

Z FRU; ; + Z FRUS, ;: = FRUR]-'D
{EBAA; Z€Z; r,Vj € EIM — PU,
0 < FRUS,;,Vz € Z; < o1z
Z FRD; ; + Z FRDS, ;; = FRDR;,
{EBAA; Z€Z; >, Vj € EIM — PD,
0 < FRDS, ;:,Vz € Z; ) )

Additionally, the net transfer for these BAAs is constrained from below/above by the net base transfer
as follows:

Tit =T Vj € EIM — PU,
S ,t=12,..,N
Tic < T, Vj € EIM — PD,

For the BAAs that have passed the FRU/FRD sufficiency test, FRU/FRD is procured for the entire
group to maximize the benefits of BAA diversity and economic displacement by participating in the
EIM:
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Z Z FRU, , + Z Z FRUS, ;, = FRUR, )
jEPUtiEBAAj jEPUtZEZj
0< FRUSZ‘j‘t,VZ € Z]
Z FRUS, . < FRUR;, (+VJ € PU;
Z.
o ot =1.2,..,N
Z Z FRD; + + Z Z FRDS, . = FRDR;
JEPD iIEBAA; JEPD, zEZ;
0 < FRDS, ;+,Vz € BAA;
z FRDS, ;. < FRDR;, (+VJ € PD;

ZEZj )

The FRU/FRD requirements are calculated as the extreme historical net demand forecast error within
a specified confidence interval (95%), adjusted to reflect forecasted real-time conditions. The net
demand forecast is the demand forecast reduced by the Variable Energy Resource (VER) forecast. The
net demand forecast error in FMM is measured as the difference between the extreme net demand
forecast among the underlying 5min binding intervals in RTD for the first advisory 15min FMM
interval and the net demand forecast in that advisory FMM interval. The net demand forecast error
in RTD is measured as the difference between the net demand forecast in the binding 5min interval
in the next RTD run and the net demand forecast in the first advisory 5min interval in the current RTD
run.

The FRU/FRD surplus variables effectively relax the FRU/FRD requirements independently at FRP
Surplus Zones in each BAA in the EIM Area if the cost of procuring FRU/FRD is higher than the benefit
it provides. For each BAA in the group of BAAs that have passed the FRU/FRD sufficiency test, the
total FRU/FRD surplus over all FRP Surplus Zones in that BAA is limited by the distributed FRU/FRD
requirement in that BAA to prevent FRU/FRD demand elasticity from relaxing FRU/FRD
requirements in other BAAs in the group. These limits are derived in §6.4.11.2.

6.4.9 Transmission Constraints

In this technical paper, only base-case transmission constraints are considered for simplicity.
Transmission constraints are enforced for active power flows on transmission elements as follows:

LFLy¢ < Fpt S UFLy,YmA t=12,..,N

These constraints are two-sided algebraic thermal limits (the lower limit is negative) on either single
transmission lines and transformers, or a group of transmission lines (branch groups, flowgates, or
transmission corridors). In the latter case, the limit may be a simultaneous power transfer capability
limit.
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These constraints are nonlinear, but they are linearized at an ACPF solution as follows:

LFLy e < Fpe + Z AEN; ; SF; jpt S UFLy,Ym At =12,..,N
i

The incremental energy injection changes from the previous iteration are multiplied by the
corresponding shift factor for the relevant transmission constraint to account for changes in the active
power flow from the ACPF solution. The transmission constraint upper/lower active power flow
limits are adjusted in each iteration to convert the respective MVA limits to MW limits accounting for
reactive power flows at the previous ACPF solution. Linear lossless shift factors are used in this
linearization; they are derived from the imaginary part of the nodal admittance matrix of the
transmission network; therefore, they solely depend on the transmission network configuration. The
linear lossless shift factors are calculated with reference the distributed load in the EIM Area.

Transmission constraints are also enforced under the FRU/FRD deployment scenarios as described
in§6.4.11.4

6.4.10 Scheduling Limits

Besides the scheduling limits on net transfers and ETSRs, described in §6.4.5, Intertie Transmission
Corridor (ITC) or Intertie Scheduling Limit (ISL) constraints limit energy schedules and ancillary
services awards from intertie or pseudo-tied resources at a single intertie or a group of interties.
ITC/ISL constraints may also limit ETSRs at the corresponding intertie(s). The ITC/ISL constraint
formulation allows netting of import and export energy schedules, but it prevents netting between
energy schedules and ancillary services awards because they are not simultaneously dispatched.
Their generic formulation is as follows:

\
max | 0, z EN;, |+ Z (RU;; + SR;; + NR; ;) + z FRU;; < UFLpy,
€Sy, i€l €Sy,
s VmAt=1,..,N
LFL,; < min| 0, z EN;; |- Z RD;; — Z FRD;,
IESH €Ly IESm J

The ITC/ISL constraints are linearized as follows:

Copyright 2022 California 1ISO

Doc ID: GNFDMDEHU6BB-46-53 Page 80 of 91




Template Version: 51

&> California ISO Technology

Document

Version: 1.2

Flexible Ramp Product: Deliverability Business Requirement

Specifications Date Created: 1/28/2021

Z EN;, + z (RU; ¢ + SR; s + NR; ;) + Z FRU;; < UFLy, )
iESH €Ly, IESH
Z (RU;; + SR; s + NR; ;) + Z FRU;; < UFLp,,
t€hn 1€Sm C vmAt=1,..,N
LFLy, < Z EN;; — Z RD;, — Z FRD;,
€S i€y LESm

LFLy, < — Z RD;; — Z FRD;,

i€l IESm, J

In the case of ITC constraints, the set Sm includes all intertie resources bound by the ITC m, and in the
case of ISL constraints, the set Sm includes all intertie resources associated with (tagged at) the
corresponding intertie of the ISL m. For ITC/ISL constraints, the upper limit is an import limit,
whereas the lower limit is an algebraic export limit. By convention, the import direction in ITC
constraints is to the associated BAA, and the import direction in ISL constraints is to the “from” BAA
definition of the associated intertie.

Intertie bids are only allowed at CISO interties. Ancillary services can only be provided by certified
import resources at CISO interties. Intertie resources may not be certified for FRU/FRD awards
because they cannot be dispatched in RTD with the exception of Dynamic Schedules (TGs and TNGRs)
and pseudo-tied resources at CISO interties. For an export or a demand response resource, FRU
dispatch is a decrease in the energy schedule, whereas FRD dispatch is an increase in the energy
schedule.

Since FRU/FRD awards are reserved from intertie transmission capacity via ITC/ISL constraints,
there is no reason to enforce these constraints in the FRU/FRD deployment scenarios when these
FRU/FRD awards are deployed.

6.4.11 Flexible Ramp Deployment Scenarios

6.4.11.1 Flexible Ramp Requirement Distribution

In the FRU/FRD deployment scenarios, the FRU/FRD awards are fully deployed while the net demand
forecast is increased/decreased by the FRU/FRD requirements. The distribution of the FRU/FRD
requirements in the ACPF solution is divided among load, solar, and wind resources using allocation
factors derived from historical data that reflect the relative contributions of these resource classes to
the net demand forecast uncertainty.

The FRU requirement component for load is distributed in the FRU deployment scenario as a positive
demand change, whereas the FRD requirement component for load is distributed in the FRD
deployment scenario as a negative demand change. The distribution of this requirement component
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is to the load nodes in the respective BAA or BAA group with the same Load Distribution Factors that
are used to distribute the demand forecast:

ALYY = LDF, j; FRUDF;, FRUR; Vi € BAA;,Vj € EIM — PU; )
ALY = —LDF, ;, FRDDF;, FRDR; ,,Vi € BAA;,Yj € EIM — PU, |
ALY = LDE') FRUDF, FRUR,,¥i € BAA;,¥j € PU, I}'t ~ el
ALY = —LDF'!) FRDDF, FRDR,,Vi € BAA;,Vj € PD, )

The Load Distribution Factors for the load nodes in the group of BAAs that have passed the FRU/FRD
sufficiency test must be renormalized for the BAA group, as follows:

(w) Dj,t . . A
LDEj) = LDF,j 50—, Vil € BAA; ) € PU |
jeru. D o= 12,0
(@ _ Jt ; i |
LDE". = LDF; ; ,Vi € BAA;,Vj € PD
Lj,t Lyt ZjEPDt Dj,t ) t)

The FRU requirement components for solar and wind are distributed in the FRU deployment scenario
as a positive demand change, whereas the FRD requirement components for solar and wind are
distributed in the FRD deployment scenario as a negative demand change. The distributions of these
requirement components are to the solar and wind VERs in the respective BAA or BAA group in
proportion to the respective VER forecast:

ALY = SDF, ;; FRUSF; ; FRUR; ;,Vi € Ssygr N BAA;,Vj € EIM — PU; )
ALY = WDF, j, FRUWF; ; FRUR; ;,Vi € Syygg N BAA;,Vj € EIM — PU,
ALY = —SDF, ;, FRDSF; , FRDR; ,¥i € Ssygg N BAA;,Vj € EIM — PD,
ALY = —~WDF, ;; FRDWF; ; FRDR; Vi € Syygg N BAA;,Vj € EIM — PD,

a0 W . . L, t=12,...,N
ALY = SDE'') FRUSF, FRUR,, Vi € Sgyzr 0 BAA;,¥j € PU,

ALYY = WDE'') FRUWF, FRUR,, i € Syyr N BAA;,Vj € PU,

ALY = —SDF!) FRDSF, FRDR,, Vi € Sy N BAA;,Vj € PD,

ALY = —WDF!) FRDWF, FRDR,, Vi € Syyzg N BAA;,Yj € PD, )

Where the Solar/Wind Distribution Factors are derived as follows:
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__ FSije : . \
SDFi,j,t - = -~ Vl E SSVER ﬂ BAA],V_] E EIM - PUt U EIM - PDt
Yiepaa; FSijt
WDF; ;; = Wi VieSs BAA;,Vj € EIM — PU; UEIM — PD
Lt = 3 w0 VL€ Pwver N i, V)] € — PU U — PD;
lEBAAj i,j,t
SDF®W = Fije Vi € Sqygr N BAA;, Vj € PU
§ SVER jr
Lot Yjepu, Lienaa, FSijt / ‘
&
WDF™Y = W Vi € Syygr N BAA;, V) € PU
Lot Yjepu, Liesaa, FWijt’ WVER 7 ‘
SDF\% = i Vi € Sqygr N BAA;,Yj € PD
4 S jr
bt ZjEPDtZiEBAAj FSi,j,t VER J ‘
WDF® = W Vi € Syypr N BAA;,Vj € PD
) WVER i
Lt ZjEPDtZiEBAA]- FWi,j,t / ‘ )
t=12,..,N

6.4.11.2 Flexible Ramp Surplus Distribution

The FRU/FRD surplus in each FRP Surplus Zone in each BAA in the EIM Area is distributed in the
ACPF solution with the same distribution factors that are used to distribute the FRU/FRD
requirement, but renormalized for that FRP Surplus Zone:

AL(u) )
FRUS, ;¢ = —2—— FRUS,;,,Vi € S,,¥z € Z;,Vj € EIM — PU,
ZiESZ AL[_ t
L(d)
FRDS,, ;¢ = =~ FRDS, ;,,Vi € S,,Vz € Z,Vj € EIM — PU,
iES, Ath
w L, t=12,...,N
AL-
FRUS; ;¢ = — FRUS, ;,Vi € S,,Vz € Z;,Vj € PU,
LES, ALi,t
ALY
FRDS,, ;¢ = —w) FRDS, Vi € S,,Vz € Z;,Vj € PD,
Yies, AL; J

The total FRU/FRD surplus over all FRP Surplus Zones in each BAA in the group of BAAs that have
passed the FRU/FRD sufficiency test is limited by the distributed FRU/FRD requirement in that BAA
to prevent FRU/FRD demand elasticity from relaxing FRU/FRD requirements in other BAAs in the
group. These upper bounds on the FRU/FRD surplus variables are derived as follows:
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Z FRUS, ;. < FRUR;,

ZEZ]'
Z FRDS, ;. < FRDR;,
ZEZ]'

IPRT:E

ZEZ]' €S,

ZE€Zj LES,

-2,

Vj € PU,

)
I
&,t=1,2,...,1v
VjEPDt)I

6.4.11.3 Transfer Constraints

The transfers are optimally calculated in the FRU/FRD deployment scenarios and they may be
different from the transfers in the base scenario of serving the demand forecast. For the BAAs that
have failed the FRU/FRD sufficiency test, the net transfer in the FRU/FRD deployment scenarios is
kept fixed to the net transfer in the base scenario of serving the demand forecast, but the ETSRs on
individual interties may vary to allow loop flow:

@ _ o &) @ ) v \
T =1, = Z Z(ETLW —1T),).¥j € EIM — PU,
kKEEIM |
@ < (@ @ (rt= 12N
’I},t = ’I},t = Z Z(E’I},k,l,t - I’I},k,l,t)’vj € EIM - PDt
kEEIM |
kj J

For each BAA in the group of BAAs that have passed the FRU/FRD sufficiency test, the net transfer is
optimally calculated in the FRU/FRD deployment scenarios and distributed to ETSRs as follows:

T =T, + z FRU;; + Z FRUS,;; — FRUR j,t\l )
iEBAAj ZEZj
() _ () (u) }:V] € PU;
T = Z Z(E’]}',k,l,t - ”}',k,l,t) |
kEEIM | }
* b t=12,..,N
(d) _ ) )&=y mrm)
T =T, - Z FRD;, — z FRDS, ;; + FRDR jlt\l
jEBAAj ZEZj }
Vj € PD
(@ _ (d) (d) ’ t
L' = z z(E’I},k,l,t - ”}',k,l,t) |
kEEIM |
k#j J

The ETSRs in the FRU/FRD deployment scenarios are constrained by the same transfer limits that
apply in the base scenario of serving the demand forecast:
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w) e
0< E7}’k’l’t < ETj,k,l,t\

(W ‘
0<IT; <IT;
s o },Vj,k EEIMAj#kAVIANt=12,..,N

(@) T
U E7}‘,k,l,t < ETjrut |

(@) T
0=<IT1e <ITjkue )

6.4.11.4 Transmission Constraints

The linearized transmission constraints enforced in the FRU/FRD deployment scenarios are as
follows:

mt = "mt z,jmt ,

LFLY, < B39 + E(AENM + AFRU; ) SFym: + z Z AFRUS, ;¢ SEy ), < UFLy:)
i JEEIM z€Z;

LFLY, < ED + Z(AENM — AFRD; ) SF; s — Z Z AFRDS, ;; SE\), . < UFL, |
i JEEIM z€Z; )

vmat=12..,N

Two additional AC power flows per interval are needed, one for each of the FRU/FRD deployment
scenarios. The incremental energy, FRU/FRD, and FRUS/FRDS injection changes from the previous
iteration are multiplied by the corresponding shift factors for the relevant transmission constraint to
account for changes in the active power flow from the ACPF solution. The transmission constraint
upper/lower active power flow limits are adjusted in each iteration to convert the respective MVA
limits to MW limits accounting for reactive power flows at the previous ACPF solution. The effect of
transmission losses due to the deployment of FRU/FRD awards and the distribution of the FRU/FRD
requirements and surplus variables are included in the ACPF solution. The shift factors in the
FRU/FRD deployment scenarios are the same as the ones in the base scenario of serving the demand
forecast because the transmission network is the same. The aggregate shift factors for the FRU/FRD
surplus at each FRP Surplus Zone are derived as follows:

w ZiESZ ALE?;) SFi,m,t\

SE

z,jmt — Ziesz ALEI?
@ }'VZEZ]"VJ'EEIM,t=1,2,...,N
SF(d) _ ZiESZALi,t SFi,m,tl
Jmt d
o z:i€5z ALE,t) J

6.4.12 Capacity Constraints

This section describes the resource capacity constraints. In the RTM, an energy bid is required for
energy schedules, Spinning and Non-Spinning Reserve awards, and FRU/FRD awards, but not for
Regulation awards. Therefore, energy schedules, Spinning and Non-Spinning Reserve awards, and
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FRU/FRD awards are limited by the LEL/UEL, whereas Regulation awards are limited by the CL and
the LRL/URL. To formulate the resource capacity constraints generally for all cases, it is convenient
to define upper and lower capacity limits as follows:

UCL;; = min(UOL;,URL,, CLi,t)\I
LCL;; = max(LOL;y, LRL;;) ¥ Vint=12,..,N
UCL;; = UOL;, ,
LCL;; = LOL;, J

RUi,t + RDi,t >0= {

RUi,t + RDi,t == 0 = {

UEL;, = min(UCL;., UEL;,)

’ WViAt=12,..,N
LEL;, = max(LCLi,t, LELi,t)

Then, the capacity constraints for online resources are as follows:
LCL;¢+ + RD;s + FRD;; < EN;; NiAug=1At=12,..,N
LEL;; + FRD;; < EN;, < UEL;, — SR; s — NR; ; — FRU;,

Similarly, the capacity constraints for offline resources are as follows:
NRi,t S UEL’l’t,Vl € Slo A ui't = 0 ANt = 1,2’ __,'N
NR;. + FRU;, <UEL} Vi€ Ss Au;; =0At=12,..,N

Lt
6.4.13 Ramp Capability Constraints

This section describes the resource ramp capability constraints. In FMM, the ancillary services
awards are simultaneously constrained by the 10min ramp capability from the energy schedules, as
follows:

RU;; + SR;; + NR;; < RRU;(EN; ;, T1o)

NViAu,=1At=12,..,N
RD;; < RRD;(EN; ;,Tyo) ’

Ancillary services can be dispatched at any time during the ramp between hourly schedules; hence,
the performance hit for using the dynamic ramp capability from the energy schedules in the above
constraints is not justified. A static approach can be used instead, formulating the constraints
conservatively with the lowest ramp capability within the applicable operating range of the resource,
calculated as follows:

~ mi Pi=UCL;—RRD(UCL;.,T.
RRU; +(T;0) = min (RRU(pi, Tlo)lpi=LCLi‘: ( ¢ 10))

pi=UCL;; )
pi=LCL;¢+RRU(LCL;,Ty0)

ViAu=1At=12,.,N
RRD; ,(T;o) = min (RRD(pl-, Tyo)l

The ramp capability constraints for offline Non-Spinning Reserve in FMM are as follows:
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NR;; < LOL;; + RRU;(LOL;, Tyo — SUT; ), Vi € Sig Auj; = 0At=1.2,..,N
Where the ramp up from LOL starts after the SUT has elapsed.
Similarly, the ramp capability constraints for offline FRU in FMM are as follows:
NR;;/2 + FRU;; < LOL;; + RRU;(LOL;;, Ts — SUT;),Vi € Ss Au;; = 0At=12,..,N
Where the ramp up from LOL starts after the SUT has elapsed.

Ancillary services awards are not re-procured in RTD; hence, these ramp capability constraints for
ancillary services awards are not enforced in RTD. However, the energy schedules, the ancillary
services awards, and the FRU/FRD awards are simultaneously constrained by dynamic ramp
capability constraints in both FMM and RTD. For resources that remain online across time intervals,
these constraints are as follows:

EN;; — EN; ;1 < RRU;(EN;,_,,AT) — ASF (a RU;; + B SR;; + ¥ NR;;) — GAF § FRU;,
EN;; — EN;;_;y = —RRD;(EN;_1,AT) + ASF « RD;, ASF + GAF & FRD;, ’
Vl /\ ui't_l = ul't = 1 /\ t = 1,2, ,N

The ancillary services adjustment factor (ASF) allocates the 10min ancillary services awards to the

duration of the interval; itis 1 in FMM and % in RTD. The granularity adjustment factor (GAF) converts
the 5min FRU/FRD awards to the market time domain; it is 3 in FMM and 1 in RTD.

For resources that start up at the beginning of an interval, the ramp capability constraints are as
follows:
EN;; < LOL;; + RRU;(LOL;;,AT/2) — ASF (¢ RU;; + 8 SR;; + v NR;;) — GAF & FRU; .},
Vi /\ui‘t_l = 0 /\ui’t = 1 ANt = 1,2, ...,N
Where the ramp up from LOL is for half of the interval ramp.
For resources that shut down at the end of an interval, the ramp capability constraints are as follows:
EN;; < LOL;; + RRU;(LOL;;,AT/2) — ASF a RD;; — GAF § FRD,},
Vinug, =1Aujep1=0At=12,..,,N—-1
Where the ramp down to LOL is for half of the interval ramp. No resources are shut down at the end
of the time horizon.

The shared ramping coefficients (a, 5, y, and §) specify how the various commodities share the
resource ramp capability. The ramp capability constraint reserves ramp capability for the ancillary
services and FRU/FRD awards over the ramp between the interval midpoints or the half ramp after
startup or before shutdown. A coefficient of one reserves all the ramp capability that is required for
a service that is continuously dispatched concurrently with energy, such as Regulation and FRU/FRD,
whereas smaller coefficients may be used to reserve ramp capability for contingency reserves.
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6.4.14 Energy Limit Constraints

Energy limit constraints apply to resources that have energy limitations. There are two kinds of
energy limit constraints in the RTM:

a) Daily energy limits as they apply in real time; and
b) State of Charge (SOC) limits.

Daily energy limits restrict the hourly energy schedules so that the total energy production over the
Trading Day is limited by a maximum daily energy limit. These constraints are typically enforced in
the DAM for resources with a limited fuel supply, such as hydro resources with water reservoirs and
water management limitations. If these limits are enforced in the DAM, they are also enforced in RTM
with an allocation of the allowed daily energy over the RTM time horizon as follows:

N
z EN;; < EN;
t=1

For Pumped-Storage Hydro (PSH) Resources that can operate in either generating mode (positive
energy schedule) or pumping mode (negative energy schedule), the daily energy limit constraints are
two-sided; they limit the total algebraic energy production over the Trading Day between a negative
minimum and a positive maximum daily energy limit. If these limits are enforced in the DAM, they are
also enforced in RTM with an allocation of the allowed daily energy over the RTM time horizon as
follows:

N
EN; < z(ui,t + vy 1) ENye < EN;
t=1
Where the pumping energy is multiplied by the pumping efficiency and the operating modes are

mutually exclusive:

U+=1->EN;; =0
vi¢ =1 EN;y =-PL;;
Ui =V =0->EN;; =0
Uit + Vit <1
The SOC limits constrain the energy schedules, ancillary services awards, and FRU/FRD awards for
Limited Energy Storage Resources (LESR), a specific type of a Non-Generator Resource (NGR) that

can operate in either discharging mode (positive energy schedule) or charging mode (negative energy
schedule). The SOC for a LESR is calculated as follows:

},Vl ESPSH/\t = 1,2,...,N
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AT

SOC,, = SOC,4q — (EN£+) n ENS )) -

0<ENS <uw, UEL',
(1—wy,) LEL';; <ENS <0
EN;, = EN + EN$? )

>,Vl ESLESRAt = 1,2, ...,N

Where the charging energy is multiplied by the charging efficiency. Then, the SOC limit constraints in

FMM and RTD are as follows:

Tis
SOC; + RUye — + (SR +Nth)

FMM:
_ Ty Tys
SOCi,t < SOCit —n; (RDit T + FRDL t T)
Tis
SOC;e + Ry — + (SRye + NR, t)
RTD:

S Tis
SOCl‘,t < SOCi,t — N (RDi,t T
Vi € SLESR ANt = 1,2, ,N

Ts
+ FRD; — )

T )
° + FRU; ;5 < S0C;

~—
~

Ts
22 ¢ FRU;, = < 50C;,

A sustained 15min energy requirement is used for the Regulation Down awards in FMM and RTD. For
the FRU/FRD awards, a sustained 15min energy requirement is used in FMM and a sustained 5min
energy requirement is used in RTD. A sustained 30min energy requirement is used in both FMM and
RTD for contingency reserves, and for regulation up that can substitute for contingency reserves
through the cascaded ancillary services procurement, discussed in §6.4.6.

6.4.15 Price Formation

This section presents the price formation for Energy schedules and FRU/FRD awards in the RTM. The
marginal prices for these commodities for each interval in the time horizon are derived from the
shadow prices of the power balance and FRU/FRD procurement constraints:
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AEN; , \

z L _ AT, = 0,Yj € EIM A
. LPF;; ' '
i€BAA; '

z FRU, , + z FRUS, ;. = FRUR,,Vj € EIM — PU, Pic
iEBAAj ZEZj

z FRU; , + Z FRUS, j; + Ty, — T = FRUR; ., vj € PU, A
iEBAAj ZEZj

Z Z FRU,_'t‘l' Z ZFRUSerrt :FRURt pt \

JEPU: iEBAA]' jEPUtZEZj
z FRD; , + Z FRDS, ;. = FRDR; ,Vj € EIM — PD, o
iEBAAj ZEZj

da BT , d
Z FRD; , + Z FRDS, ;. —T;, + T\’ = FRDR;,,Vj € PD, A

jEBAA]' ZEZj

Z Z FRD; , + Z Z FRDS, ;. = FRDR,

JEPD, i€BAA; JEPD, zEZ;
t=12,..,N

There are additional price contributions from binding transmission and scheduling constraints in the
base scenario and the FRU/FRD deployment scenarios, described in §6.4.9, §6.4.10, and §6.4.11.4..
Including these contributions, the marginal prices of the Energy schedules and FRU/FRD awards in

the RTM are calculated as follows:

A
LMP,, = 3t _ Z SFimt (um,t +ul + uﬁ,‘ii),w € BAA; Aj € EIM
m

LPF;,

FRUMP,, = p; — Z SFymye H) Vi € BAA; A j € EIM — PU,
m
FRUMP,, = 1% + p, — z SFyme L), Vi € BAA; A j € PU, g
m
FRDMP;, = gj, + Z SFyme 1D Vi € BAA; Aj € EIM — PD,

m
FRDMP;, = A9 + 0, + ZSFl-,m,t u®) Vi € BAA; A j € PD,
m

t=12,..,N
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The sign convention for the binding network constraint shadow prices above is based on the
assumption that the constraints are formulated as “<” constraints. The settlement of Energy
schedules and FRU/FRD awards, as well as the Forecasted Movement, is based on these marginal
prices. The FRU/FRD cost allocation remains the same as the current tiered approach; however, for
the group of BAAs that have passed the FRU/FRD sufficiency test, the cost allocation applies to the
entire group, whereas for BAAs that have failed the test, the cost allocation applies to each BAA

individually.
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