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Legal Disclaimers and Admonitions — Antitrust Admonition

ERCOT strictly prohibits market participants and their
employees who are participating in ERCOT activities from
using their participation in ERCOT activities as a forum for
engaging in practices or communications that violate
antitrust laws. The ERCOT Board has approved guidelines
for Members of ERCOT Committees, subcommittees and
working groups to be reviewed and followed by each
market participant attending ERCOT meetings. For detalls,
please review the guidelines in the attachments tab of this
presentation.



Disclaimer Statement

This presentation provides a general overview of the Texas Nodal
Market Implementation and is not intended to be a substitute for the
ERCOT Nodal Protocols (available at http://nodal.ercot.com/protocols/index.html),
as amended from time to time. If any conflict exists between this
presentation and the ERCOT Nodal Protocols, the ERCOT Nodal
Protocols shall control in all respects.

The presentation materials, including any statements by ERCOT, its
employees or contractors is intended for the general education of its
audience and should not be considered a recommendation of ERCOT,
its employees or contractors of any particular operating strategy or
statement of fact. All Market Participants and public consultants
assisting Market Participants are encouraged to read and understand
the approved protocols, ERCOT operating guides, interface and
communication guides and any other ERCOT procedures which may be
applicable to the topics presented.
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Workshop Agenda

Topic Presenter Time
Introduction & Overview Bob Spangler / Bill Blevins 9:30 — 10:00
Registration Art Deller 10:00 — 11:00
Break 11:00 — 11:10
Management & Operations  Bill Blevins 11:10 - 12:10
Activities
Lunch Break 12:10 — 12:50
MMS /DAM /ASM / RUC/ Resmi Surendran 12:50 — 1:50
SCED Applications
Break 1:50 — 2:00
Settlement & Billing Pam Shaw 2:00 — 3:00
Overview
Closure / Q & A Bob Spangler 3:00 - 3:30
—
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Historical Background

200

7 —2010

Conceptual work was accomplished to allow Combined Cycle Trains (CCT) to offer
each configuration of the train as separate Generation Resources into the Day-Ahead
Market.

— IDA 003 White Paper: Combined Cycle Unit Modeling in the Nodal Design
— SIG 0003 Combined Cycle Plants
— SIG 0022 Transmission Constrant Model for RT CCP Dispatch

The optimization packages provided by the MMS vendor, ABB, are unitized at the
individual Resource level. This necessitates the need for a logical link between a
CCT configuration and an individual Generation Resource.

All DAM, Adjustment Period and Real Time, and Settlement and Billing systems were
reviewed

The MMS and Commercial Systems Functional Requirement documents have been
updated to include the Combined Cycle design implementation.

April 23, 2010 ERCOT submitted NPRR 228 to revise Nodal Protocol requirements to
encompass Combined Cycle Resources.



Protocol Subsections Impacted by the CCT Implementation

5 Protocol Sections affected as follows:

2.1 Definitions

3.8 Special Considerations for Split Generation
Meters

3.9.1 Current Operating Plan

4.5.1 DAM Clearing Process

4.6 DAM Settlement

4.6.1 Day-Ahead Settlement Point Prices
4.6.2.3.1 Day-Ahead Make-Whole Payment
4.6.4.1.1 Regulation Up Service Payment
4.6.4.1.2 Regulation Down Service Payment
4.6.4.1.3 Responsive Reserve Service Payment
4.6.4.1.4 Non-Spin Reserve Service Payment

5.7.1 RUC Make-Whole Payment
5.7.1.1 RUC Guarantee
5.7.1.2 RUC Minimum-Energy Revenue

5.7.1.3 RUC Revenue Less Cost Above LSL During
RUC-Committed Hours

5.7.1.4 Revenue Less Cost During QSE Clawback
Intervals

5.7.2 RUC Clawback Charge

5.7.3 Payment When ERCOT Decommits a QSE-
Committed Resource

5.7.4 RUC Make-Whole Charges
5.7.4.1 RUC Capacity-Short Charge
5.7.4.1.1 Capacity Shortfall Ratio Share
5.7.5 RUC Clawback Payment

5.7.6 RUC Decommitment Charge

6.5.5.2 Operational Date Requirements

6.6 Settlement Calculations for Real-Time Energy
Operations

6.6.1 Real-Time Settlement Point Prices

6.6.3.1 Real Time Imbalance Payment or Charge at
a Resource Node

6.6.5.1.1 Base Point Deviation Charge for Over
Generation

6.6.5.1.2 Base Point Deviation Charge for Under
Generation

6.6.5.4 Base Point Deviation Payment

6.6.6.1 RMR Standby Payment

6.6.6.2 RMR Payment for Energy

6.6.6.3 RMR Adjustment Payment

6.6.6.4 RMR Charge for Unexcused Misconduct
6.6.6.5 RMR Service Charge

6.6.7.1 Voltage Support Service Payments
6.6.8.1 Black Start Capacity Payment



Combined Cycle Train Protocol Definitions

Section 2, Definitions

* Generation Resource

— A generator capable of providing energy or Ancillary Service to the ERCOT System and is
registered with ERCOT as a Generation Resource. The term “Generation Resource” used by
itself in these Protocols does not include a Non-Modeled Generator.

 Combined Cycle Train

— The combinations of gas turbines and steam turbines in an electric generation
plant that employs more than one thermodynamic cycle. For example, a
Combine Cycle Train refers to the combination of gas turbine generators
(operating on the Brayton Cycle) with turbine exhaust waste heat boilers and
steam turbine generators (operating on the Rankin Cycle) for the production of —

Electric Power. In ERCOT Combined Cycle Trains are registered as a plant
that can operate as a Generation Resource in one or more Combined Cycle
Generation Resource configurations.

 Combined Cycle Generation Resource —
— A specified configuration of physical Generation Resources (Gas and Steam  —

Turbines), with a distinct set of operating parameters and physical constraints,
in a Combined Cycle Train registered with ERCOT. =l Added
8
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Typical Combined Cycle Train




Example Combined Cycle Train & Operating Configurations
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Model for Market Application & Energy Management System
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ERCOT Systems Combine Cycle Conceptual Description

CCT logical Resource Node (RN)
* May be used only for 3PO and AS Offer Settlement
» Represents each registered CCGR as an aggregated representation of the underlying
CT and ST elements
* DAM/SASM/SCED/RUC optimization is based on the CCGR representation at the

logical RN
""" ...
Dis-aggregate . ............ Aggregate up
downtothe 7 e to the CCGR
physical . T representation
representation...~*" T
e v e, N
CT1 CT_2 ST_l
Associated Assouated ............. Assouated
with RN-CT1 with RN-CT2 with RN-ST1

* All Network modeling is at the generation unit level
e  Each CT and ST in the CCT must be registered with ERCOT
“ERCOT * RT Telemetry must be provided for each CT and ST in the CCT 13



Combine Cycle Workshop Takeaways
&a Takeaways: Reqistration

Use RARF to Register Combined Cycle Train (CCT)

» Each registered CCGR requires the QSE to submit COP entries in
accordance with the requirements in Protocol Section 3.9.1

« Each CCT is assigned one logical Resource Node as a Settlement Point
used only for CCGR specific 3PO’s struck in the DAM and AS offers that
are struck in the DAM or a SASM.

Register all physical generation units in the CCT
* Registration entries are required for each CT and ST in the CCT

* Includes: Resource Parameters such as HRL values, temporal
constraints, ramp rates, etc per the RARF instructions.

Register each CCGR configuration that will be offered into DAM/RT

* Includes Resource Parameters such as temporal constraints & ramp
rates that are values for the aggregated CCGR representation.



Combine Cycle Workshop Takeaways

TODAY ITOMONROW
<

€T Takeaways: Day-Ahead Market

e Three-Part Offers
e Submit Three-Part Offers for CCGRs

 May include Start-up Offers, Minimum Energy Offers & Energy Offer Curves
(EOC)

« Aggregated representation of the underlying CT and ST in the CCGR.

Ancillary Service Offers
« CCGR AS Offers may be made inclusive or exclusive of the 3PO.

DAM utilizes Outage Scheduler (OS) Information to:

« Select between primary and alternate CT and ST when calculating the weight
factors used

— to aggregation up from the CT and ST to the logical Resource Node for
the CCGR, or

— to disaggregate down from the logical Resource Node for the CCGR to
the CT and ST.



Combine Cycle Workshop Takeaways

TODAY ITOMONROW
cg?

¥ Takeaways: Day-Ahead Market (cont’)

Day-Ahead

Market Special Instructions for QSEs with CCT Resources
during Market Trials Phases 4 and 5:
In DAM, limit total number of CCGR Three-Part Offers per CCT
to less than or equal to total number of units registered in the CCT
Total number of CCGR Three-Part Offers
Not
Included Included

Exclusive Online AS Offers X

Inclusive Online AS offers X

Offline AS Offers X



Combine Cycle Workshop Takeaways

- -

'Takeaways: Reliability Unit Commitment / Adjustment Period

'u..nc.......n....m: Three-Part Offers not struck in DAM

 RUC optimization utilizes unexpired CCGR Three-Part Offers
not struck in DAM

COP Statuses
Special Instructions for QSEs with CCT Resources
during Market Trials Phases 4 and 5:

limit COP Resource Status entries in each hour to:

. No more than one CCGR with an On-line Resource Status +
Additional CCGRs with OFF Resource Status to <= the total # of
units in the CCT.

 All other CCGR in the CCT should be “OUT” (unavailable)




Combine Cycle Workshop Takeaways

Takeaways: Real-Time Operations

QSE Telemetry

* Must include ICCP points for each CT and ST

e Must include ICCP points for the On-line CCGR
(Source: ICCP Handbook)

SCED calculates Base Point for the On-Line CCGR

» SCED has no affect on CCGR configuration

 No SCED Base Points are calculated for the CT and ST in the CCT
« The UDBP is calculated for the CCGR

» Base point deviation charges are determined by comparing the expected
CCGR production to the total metered energy injection by the CT and ST
units during each SCED Interval.
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Impacts on the ERCOT Registration System

Objectives

« Understand the unique parameters required for each CCT
configuration (e.g., HRL,; allowable configuration-to-configuration
transitions; operational temporal limitations etc)

* Understand how the values you set for these parameters will be
used in the ERCOT systems.

ERCOT 20



Registration

3.7 Resource Parameters

1. “A Resource Entity shall register Resource Parameters for its
Resources with ERCOT.”

o Submitted to ERCOT via the Resource Asset Registration Form (RARF)
— Found on the ERCOT website
— Used for updating parameters

ERCOT 21



RARF Process
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Registration

Registration of Combined Cycle Generation Resources
 Define Combined Cycle Generation Resources (configurations)

* Register both the Physical Units and Combined Cycle Generation
Resources

* Register Resource Parameters for both physical units and CCGRs
» Define the mapping between Physical and CCGRs
* May identify units as Primary or Alternate

* Register Reactive Capability Curves for physical units

ERCOT 23



Registration

Unique Issues
e Cannot be a Split generation Resource
— A train may not be split among multiple owners

« Train must contain one or more configurations
— Offline is a required (default) configuration

— Every configuration must have a To and a From configuration
(no orphaned configurations)

« Configurations may contain alternate units

* Registered transition parameters will be honored

ERCOT 24



Registration

Unique Issues (cont.)
» Register all operationally unique configurations

« Power augmentation methods must be made available as a part of
one or more of the registered configurations

Augmentation includes:
— Combustion turbine inlet air cooling (CTIAC)
— Duct firing
— Other ways of temporarily increasing output
6.5.5.2 (9) Operational Data Requirements

ERCOT 25



Registration

Unique Issues (cont.)

 Resource Category set by largest single Combustion Turbine in
the train

— Combined Cycle > 90MW
— Combined Cycle <=90 MW
(Real Power Rating)

» Operational Parameters given by CCGR (Config)
— Min On Line Time
— Min Off Line Time
— Hot, Cold Intermediate Start Times
— Max Weekly Starts
— Max On Line time
— Normal and Emerg Ramp Rate curves

ERCOT 26



Parameters — CC Resource

HRL (by unit) — Used for calculation of DASPP, Disaggregation of
energy Schedules and Aggregation of Shift factors

A B C D E
1 |ERCOT Confidential | RETURN TO MAP |
2 |[Resource Parameters
3 This worksheet tab provides resource parameters for Combined Cycle generation resources. This tab is UMIT specific for all CC.
4 Please complete this section and select RETURN TO MAP
G Reasonability Limits Labels TEST_CT1 TEST_CT2
7 High Reasanability Limit MW
8 Low Reasonability Limit MW
g High Reasonability Ramp Rate Limit MW/min
10 E Low Reasonability RamE Rate Limit MW/min
12 ¢ |Seasonal Ratings Labels TEST_CT1 TEST_CT2
13 3 Seasonal Net Max Sustainable Rating - Spring MW
14 % Seasonal Net Min Sustainable Rating - Spring MW
15 g Seasonal Net Max Emergency Rating - Spring MW
16 | I |Seasonal Net Min Emergency Rating - Spring MW
17 % Seasonal Net Max Sustainable Rating - Summer MW
18 | © [Seasonal Net Min Sustainable Rating - Summer MW
19 &= |Seasonal Net Max Emergency Rating - Summer MW
20 g Seasonal Net Min Emergency Rating - Summer MW
21 % Seasonal Net Max Sustainable Rating - Fall MW
22 & |Seasonal Net Min Sustainable Rating - Fall Mw
23 O [Seasonal Net Max Emergency Rating - Fall MW
24 © [Seasonal Net Min Emergency Rating - Fall MW
25 Seasonal Net Max Sustainable Rating - Winter MW
26 Seasonal Net Min Sustainable Rafing - Winter MW
27 Seasonal Net Max Emergency Rafing - Winter MW
28 Seasonal Net Min Emergency Rating - Winter MW
44 b M Unit Info - CC Unit Info - Wind Parameters - GEN Parameters - CC Parameters - CFG Parameters - WIND E- I -
Ready

ERCOT 27



CC1 Config

* Must fill in the configurations tab before you can fill in the parameters
for a configuration

A B C D E F G ‘i‘
1 |[ERCOT CONFIDENTIAL RETURN TO MAP

2 Combined Cycle Configurations
3 This warksheet tab applies to all Combined Cycle Generation Resaurces. This tab defines the operating configurations.

4 Please complete this section and select RETURN TO MAFP
5 Resource Name (Unit Code) Unit Type TEST_CC1_1 TEST_CC1_2 TEST_CC1_3 TEST CC1_4

TEST_CT1 0 X X X X
TEST_CT2 0 A A X X
5 TEST_ST1 0 X X

N _____
g . _ _ _
... _]  Z,,, [, .
.
s ] _
s @@ ____________________________

Number of units and MW increase from left to right.

6

DN

(B« Peactive Capability -Wind < Ownership - GEN " Ownership - CC ¢ Ownership - WIND _ Mew BT 8 CC2 Config " CC3 |

S ] [T

— Indicates a Primary Unit for this configuration
— Indicates an Alternate Unit for this configuration

@ 28



CCT Transitions

Configurations are numbered from lowest output to greatest.

Min Online Time — 1Hr Min Online Time — 2Hr
(before going to next stage

1
(1X0

Min Online Time — 1Hr

4
(2X1)

Min Online Time — 2Hr

ERCOT 29



CCT Transitions

This transition map and the time parameters for each transition
determines the limits that ERCOT will use in committing Combined
Cycle Generation Resources (Configurations) through the DAM and
RUC processes.

A |B C D E F G H
1 ERCOT CONFIDENTIAL RETURN TO MAP
2 Combined Cycle Transitions
3 This worksheet tab applies to all Combined Cycle Generation Resources. This tab defines the operating fransitions.
4 Please complete this section and select RETURN TQ MAP
5 To
B From Offline TEST CC1.1 TEST CC1. 2 TEST_CC1.3 TEST CC1 4
7 Offline X
3 TEST_CC1.1 X X
g TEST CC1 2 X
10 TEST_CC1_3 X X
11 TEST CC1 4 X

TEST CC15 7 7

LR N < CClConfig .« CC2 Config .« CC3 Config Mesme st i oW CC2 [Tansiions .« Cld [Tansiions e e = s ee=]
Ready
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Parameters - CFG (Configuration)

HRL (by configuration) — Used to validate Offers

A B C D E
1 | ERCOT Confidential | RETURN TO MAP |
2 Resource Parameters
3 This worksheet tab provides resource parameters for Combined Cycle generation resources. This tab is specific to all CC configur:
4 Please complete this section and select RETURN TO MAP.
& % Reasonability Limits Labels TEST_CC1_1 TEST_CC1_2
7 | © |High Reasonability Limit MW
& B |Low Reasonability Limit MW
g § High Reasonability Ramp Rate Limit MW/min
10 a Low Reasonability Ramp Rate Limit MW/min
12 LG_ Seasonal Ratings Labels TEST_CC1_1 TEST_CC1_2
13 8 Seasonal Net Max Sustainable Rating - Spring MW
14 5 Seasonal Net Min Sustainable Rating - Spring MW
15 | O |Seasonal Net Max Emergency Rating - Spring MW
16 ﬂ Seasonal Net Min Emergency Rating - Spring MW
17 1 Q [Seasonal Net Max Sustainable Rating - Summer MW
18 % Seasonal Net Min Sustainable Rating - Summer MW
19 8 Seasonal Net Max Emergency Rating - Summer MW
20 % Seasonal Net Min Emergency Rating - Summer MW
21 = |Seasonal Net Max Sustainable Rating - Fall MW
22 © |Seasonal Net Min Sustainable Rating - Fall MW
23 E Seasonal Net Max Emergency Rating - Fall MW
24 55 [Seasonal Net Min Emergency Rating - Fall MW
25 E Seasonal Net Max Sustainable Rating - Winter MW
26 | @ |Seasonal Net Min Sustainable Rating - Winter MW
27 8 Seasonal Net Max Emergency Rating - Winter MW
28 Seasonal Net Min Emergency Rating - Winter MW
Ifdi > M Parameters -CC | Parameters - CFG © Parameters - WIND Operational Parameters - GEN Operational Parameters —_
Ready |

m 31



Configuration Operational Parameters

A B & D E
1 |ERCOT Confidential | RETURN TO MAP

Operational Resource Parameters
Resource Entity authorizes QSE representing this Generation Resource to submit Resource Parameters on this page for operational purp«
2 |3.7.1 on behalf of Resource Entity.

3 This warkshest tab pravides resource parameters far Combined Cycle generation resources. This tab is Configuratic

4 Please comEIere this section and select RETURN TO [MAP

& Resource Parameters Labels TEST_CC1_1 TEST_CC1_2 —

7 Minimum On Line Time hours

8 Minimum Off Line Time hours

g Hot Start Time hours These are

10 Intermediate Start Time hours

1 Cold Start Time hours defaUIt Va|UeS,
12 Max Weekly Starts

13 Max On Line Time hours a” Of these
14 Max Daily Starts

15 Max Weekly Energy MWh

16 Hot-to-Intermediate Time hours — paramete rS
17 Intermediate-to-Cald Time 1 hours are edltable On
19 Normal Ramp Rate Curve Labels TEST_CC1_1 TEST_CC1_2

20 MW MW

21 Upward RampRate1 MW/min the Market
22 Downward RampRate1 MVW/min

n e MW Manager,

24 Upward RampRate?2 MWW/min

25 Downward RampRate2 MW/min RESOU rCe

26 MW3 MW

27 Upward RampRate3 MW/min Param ete rS
28 Downward RampRate3 MW/min

29 VW4 MW

30 Upward RampRate4 MW/min Tab

3 Downward RampRate4 MWW/min

32| n MW5 MW

33 2 | Upward RampRates MW/min

34 E Downward RampRates MVW/min

35 é MWE MW

/L= LInward RamnRateq RV i

R Parameters - CFG Parameters - WIND Operational Parameters - GEN Operational Parameters - CFG Operatiof Il i [

Ready



Market Manager Resource Parameters

Normal and Emergency
Ramp Rates

CCGR Parameters —

\

Generation Resource Parameters

Rascurcs Hams TEST—CC1

Generation Resource Parameter Details

tiormal Ramp Rate Up  Ramp Rate Down  Break Point
20 | mwamin l?':-'_ wviimn [200.0 | uw

Fo Twvemin B0 uimn [2500

Addnew row |50 [T IT Liiiemn W MYy

Emergency Ramp Rate lp  Ramp Rate Down  Break Point

|T BVEmin W Myimn [200.0 | mw

[0 Twwwmin  [60 | wwienn 2500w
Addnew row [3.0 Bo | uwima 100 |
W hours

Minimum Offline Time iEi 0 | hours

Ii ?]2 G' hours

B min

Minimum Online Time

Maximum Onling Timea
Maximum Daily Starts
Maximum Vieekly Starts
34000

Maximum Weeskly Ensngy uhm

Hot Start Time hours

Intermediate Start Time

S

Cobd 5tart Time our
Hot to Intermediate hours
Intermediate to Cold hours
Reason |DEFAULT
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GENMAP

GENMAP (Generation Node and Meter Mapping)

* Resource Entity signs verification indicating agreement with the
mapping of the Resource Nodes in accordance with “Procedures for
|dentifying Resource Nodes”

 The Resource Nodes will be used in all associated ERCOT models,
applications and processes and Settlements

* Resource Entity also confirms agreement with EPS Meter Mapping

A B c D E F

1 ERCOT Confidential

2 Unit(s) and Associated Resource Node(s) for Station = CBY4

3

4 Unit Substation |Unit Name |Resuume Node |Resuume Node Substation |Resuuroe Node KV |Cunnec1ed Devices |
F

5 |TEST CcT1 TEST CT1 TEST 345 [DSCIDSVW_11, [DSCIDSYW_43, [DSCIDSW_52
F

6 |TEST CT2 TEST CT2 TEST 345 [DSCIDSVW_21, [DSCIDSW_24, [DSCIDSW_22
F

7 |TEST 5T1 TEST_ST1 TEST 345 [DSCIDSVW_40, [DSCIDSW_41, [DSCIDSW_42

M 4 ¢ M| Unit_and_Associated_RNs - Unit-Associated FPS Meters ~  Unit-Assodated EPS Flow-Calc " Mon_Unit-Associated EPS Meters . MonUnitAssociated EPS_Flow-
Ready




Resource Genmap

Test CC Plant (Test)
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Management & Operations
Activities
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Impacts on Mgmt & Real Time Activities in ERCOT Systems

Management Activities for the ERCOT Systems

« Current Operating Plan

— Resource Status for On-line and Off-line (available; unavailable)
Combined Cycle Generation Resources

 Outage Scheduler
— Generation unit outages
— Off-line Non-Spin Ancillary Service Offers
 Real Time Market Security Constrained Economic Dispatch
— All market transactions are at the logical Resource Node
» Energy Offer Curve/Economic Base Points
Real Time Settlement Point Price
Base Point Deviation Penalties

Voltage Support Service
AS deployment and associated performance measures

ERCOT



Example Combined Cycle
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Logical model for Market Application

CTG-1 CTG-2 CTG-3 STG-1

MMS/LFC Logical Representation
Mode (n)
U v U v CT-1OTG-2,
CTG-3 and STG-1
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EMS will Map Physical Units to the logical Units for Network

studies

- Dt bt Nt in _ ;
Device Name v |mvv| Value Buality | larm swcal _ its |$ MW Dala | MVAR and Vokage Regustion Data | MVAR Capabity | UritStudy ~Combined Cycle- | SpitUri |
GT1 My £2.43 Replaced [ ] @ ey |
RTNET Last Solved: 14-Apr-2010 19:57:05
5T MVAR 220 Good I 1 9 w Station
GT1 Ghivy 94,30 et = e Physical Alternate
Mode Activelnactive  Unit Unit
=T GMY 7.0 1
&T1 AR oN hee 0 0
GT2 P AR Replaced | | @ =] 1 ¥
T
T2 MyAR 1430 Good I [ jm. X2 = k
o
&7z Ghw 97.80 Good O o @ = ao\_ed 6 fe14 |
Gz GMY 25.40 Good o o o = Red bl
GTZ AVR fal¥ Good (N i | =N 2
5T My 73.30 Replaced [ ] @ ey ste
5T MvAR 1480
Good | 1 @ E! 611
5T1 GMW 110,00 Good o o @ ﬂ 612
5T G 14.80 Gaad o o o E
5T1 AVR fal¥ Good (N i | =N
cC1 EOCY aM Suspect 1 1 a EA
cC1 LEST QOFEMN Replaced 1 1 a (.|
cot REST OFEN Replaced 1 1 @ | N t k M H f L 1 I t
e NDFL OFF suspect | L] @ = e Wor applng O Og|Ca 0
et LasL 15100 Good O o @ = P h i I R r f r N tW rk
N o ySiCal Resources 10 etwo
e [ Analysis
co UDEF 18431
cot SCEP 16431 @ =
co LMP 5162 i =
co DERS e =
coi Lol 151,00 i ] E!
UN co HASL 53762 Gaad 0 0 o =

SCADA from QSE for Real-Time
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SCED uses the limits based on the telemetry for the Logical
Unit

Invoke EECP Generation 33447
GTBD

HLT=EE R Load 33736
Base Point: § Frequency S59.993 )
QSE  |Substation| Unit ID HEL HSL Gen LSL LEL AS Responsibilities 1S Schedule
Reg-Up | Reg-Down| RRS | NSRS |Reg-Up | Reg-Down| RRS NSRE
Ccc1 350.00 350.00 0.00 140.00 140.00 0.00 15.00 20.00 0.00 0.00 0.00 20.00 0.00
cc1 875.00  875.00 849.51 44500  445.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cCl S510.00 510.00 478.00 285.00 285.00 S0.00 50.00 10.00 5.00 0.00 0.00 10.00 5.00
co2 510.00 510.00 474.00 265.00 265.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1CC \‘ed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. ‘\‘e _CCG1 15.00 30.00 11.72 10.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6\9\\0 cc1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Qﬁe & cc1 49100  491.00 437.63 28200  282.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cc2 494.00 494.00 438.55 282.00 282.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cc1 610.00 610.00 222.10 151.00 151.00 0.00 0.00 11.77 0.62 0.00 0.00 11.77 0.62
|

SCADA for the logical Resource (CCGR) is then supplied to RLC

QSE  BSubstation| Unit ID HASL HDL Gen oL | LasL Unit Status Loy el Ramp Ra
REF cur SCED MAN MaN Flag
cc1 330.00 0.00 0.00 0.00 155.00 OFF 0.00 56.17 0.00 0 [RAMP]
cc1 875.00 72031 72031 72031  445.00 ON 0.00 56.17 721.36 ) [RAMP]
A 44500  475.00 47500 47500  335.00 ONREG 0.00 56.17 475.00 ) [RaMP]
eﬁQ%zé 210.00 482.00 467.00 452,00 265.00 ONREG 0.00 56.17 476.00 - [RamMP]
s\a’i\o €cl 0.00 0.00 0.00 0.00 0.00 OFF 0.00 56.17 0.00 0 [RaMP]
23 & CCG1 3000 1124 1124 1124 10.00 ONREG 000  56.17 11.29 0 [RAMP]
O— CcC1 0.00 0.00 0.00 0.00 .00 OFF 0.00 56.17 0.00 1 [RAMP
cC1 431.00 491.00 389.30 282.00 282.00 oM 0.00 56.17 491.00 _ [RAMP
cc2 494.00 494 .00 413.51 293.51 282.00 oM 0.00 56.17 494.00 _ [RAMP
cc1 597.46 313,10 218.10  151.00 151,00 ON 0.00 56.17 155.23 . [RamMP]
/‘\
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Combined Cycle Augmentation

540.00

Combined Cycle Offer Curve with and without Augmentation

535.00

£30.00

_-——--—!-——'——"—"—'/

S25.00

S20.00

415.00

S10.00

%5.00

50.00
0.00

100.00 150.00 200.00 250.00 300.00

il fo fug W ALZ

400.00
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Update Resource Parameters

7~ Fgps: { (mistest.ercol.conibid 3 mmaul mms querpiesarams.action - Windows Inferel Esplorer pretrvitderd by B

Weicoma, £ bt fmistest ercot.cormadl 43 mmul e Y _,_I_ul_!] & Apr 20 2010 1501
MARKET MANAGER ey = o] mosimaes. =] @ |14 x| [coo0e 2| ﬁ
£ 2 Fie Edt WView Favorifed Took Help
| Trases | RescurceSpecitc | Gusancoffen | S &< - PPseeet
Unks JERCOT JFERC _JGeneral _JMAESE JNERC _jPersanal »
(@) Shore Browser  webEx = |
W Query Resource Porameters WS ﬁWMmdml | 2 - B - e - |ihpage - W faut setngs

Resource Type IGanaraﬁcn Resource Paramat

Resource lame Ramp Up Rate
Q- B | P T
£e1a 16.0, 96.0. 32.9, 32
£e11 120, 1 Fl
= 50 ]
L = 330, 32.0,33.0, 3
et &8,
ot
CalY\C

Generation Resource Parameters

Regnurcs Name CCi_2

Generation Resource Paramater Details

Normal Ramp Rate Up  Ramp Rate Down  Break Point
[ MVmin l Wirman ii |
Add new row | wwmin | ) (L

Eim

Emergency Ramp Rate Up  Ramp Rate Down  Break Point

| Mimin l W¥Yimin 1i

!
Add e row | Mimin | iimin 1' [T
Minimasm: Online Time S mours
Minkmum Offline Time | poyrs
Maximum Online Time [0 0 noyrs
Maximum Daity Starts | il
Maximum Weekly Starts
Maximum Weakly Energy lumn
Hot Start Time -
Intermediate Start Time e
il — i _.r"l
e T W g a
I e AT EXT T



SCED_LFC Deployment

3 Base Point
QSE Plant Unit Unit Status Output Avail | CTRL Block
h hd = Code Text MW | SCED upBP LD P__DN NT
cc ON 217 215 215 0217 19 0
cc ON F 52 51 51 0 52 5 0
cc2 ONOSREG oF 9 0 0o 9 9 0
cc out F o OF 0 0 o 0 o0 o IF
cc1 ON 276 273 272 0270 251 0
e cc ON 183 200 200 0238 200 O |
~qe%? cc1 ON 116 90 90 0 % 9% O v
’\Q\'\o(\ cC1 ON 562 421 421 0 582 422 0 L
e cc ONREG 426 418 418 0479 304 O |
D cc1 ON 677 620 621 0777 577 0 v
cc ONREG 406 455 455 0517 324 0
cc1 ON 484 365 364 0519 364 0 -
cc2 ON 482 362 362 0519 362 0 v
cc ON 518 428 429 0603 433 0O v
cc ON 107 157 157 0157 10 0O v
cc ON 174 133 133 0219 120 0 v
cc ON 532 473 473 0592 472 0 ¢
cc ON 224 166 166 0319 151 0 v
cc1 OFF 0 0 0 o 0 o0 o
cc ON 37 37 37 0 37 37 0
cc OFF 0 0 0 o 0 0 o
cc ON 462 461 161 0461 352 0O
cc OFF 0 0 0 o 0 o0 o
—
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Regulation “Frequency Control”

QOSE Plant Uniit Resource Status| Output Boele Part RogDosen Part | CTRLBlock
- N hd Code MW  Resp Deploy Remain Factor Resp Deploy Remain Factor|[UP DN NT
- - - - - -
cc1 ON 230 30.0 00 00 1.00 9.7 00 00 1.00
CcC1 ON F 51 0.0 00 0.0 0.00 0.0 0.0 00 0.00
A cCc2 ONOSREG 9F %10.0 0.0 0.0 0.00 10.0 0.0 0.0 0.00
dac,\e cC1 ouTt F 0OF 0.0F 0.0 0.0 0.00F 0.0F 0.0 0.0 0.00 F F F
A0 S CcC1 ON F 287 F 0.0F 00 0.0 0.00F 0.0F 00 00 0.00F F F
5\9\\ CcC1 ON 183 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00
Qse & cC1 ON 115 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00 L d
cc1 ONREG 560 0.0 0.0 00 0.00 0.0 00 00 0.00 L
CcC1 ON 446 9.0 0.0 0.0 0.50 385 0.0 0.0 0.50
cC1 ON 677 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00 L d
cc1 ON 441 9.0 00 00 0.50 385 00 00 0.50
CcC1 ONREG 483 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00 L4
cC2 ONREG 480 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.00 L d
cc1 ONREG 519 0.0 0.0 00 0.00 0.0 0.0 0.0 0.00 L
CcC1 ON 107 0.0 00 0.0 0.00 0.0 00 00 0.00 L4

Regulation will be deployed to a QSE every 4 seconds.
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Responsive Reserve

. Responsive Reserve Service
QSE Plant Unit ource St
v - il Code Re unslhil St:hedlle
CC1 ON 231 l]
CC1 ON F 51 0
CC2 ONOSREG afF 15 1} 15
CC1 out 1] 0 1} 0
cci ON 284F 0o k 0 OF
0 CcC1 ON 181 12 0 12
3¢
o0 cc1 ON 114 12 0 12
¢ & o\ CC1 ON 562 12 (1} 12
QS CcC1 ONREG 440 12 0 12
CC1 ON 676 12 1} 12
CC1 ONREG 441 12 (1} 12
CC1 ON 483 12 0 12
CC2 ON 482 12 1] 12
CC1 ON 518 12 (1} 12
CC1 ON 107 12 0 12
CC1 ON 174 12 1] 12
CC1 ON 533 12 1} 12
CC1 ON 221 12 (1} 12
CC1 OFF 0 0 0 0
CC1 ON 35 0 1} 0
CC1 OFF 1] 0 (1} 0
CC1 ON 460 0 0 0
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Why, What and How of COP DATA

COP

6,635,510 [4ZSVWpC [SOME _CCI 1 QSEL 12312012 E!E 0000 185000 70000[  185.000 70.000
6635322 [4iQSYWpB |NEW _CCl_1 QSE2 12312012 16 [ON 0.000] 0.000 0000 0000( 80.000] 30.000 s0.000| lg 40.000
6.635.522 [4iQSYWpB [NEW CC1 2 QSE2 12312012 16 [OFF 0.000 [ 0.000 [o.000[ oo00| odoo0] 38.000 96.000 58.000
6.635.522 [4iQSYWpB |[NEW _CC1 3 QSE2 12312012 16 [OFF 0.000 [ 0.000 [0.000[ 0000[ 160000/ 100000  160.000 100.000
6.635.522 |[4iQSYWpB |[NEW _CC1 4 QSE2 12312012 16 [OFF 0.000 [ 0.000 [0.000 0000[ 192000 108000  192.000 108.000
6,635,523 [4iXSYWp5 |ANOTHER CC1 1 QSE3 12312012 16 [OFF 0.000 | 0.000[0.000(| 0000| 325000 130000  325.000 130.000
6.635.523 4iXSYWpS |ANOTHER _CC1_2 |QSE3 12312012 | 16 |OFF |0.000 | 0.000 [0.000| 0000| 325000 130.000| 325000  130.000
6,633,523 [4XSVWp3 _CC1_ |QsEs 12312012 | 160N |0.000 [ 0.000[0.000| 0000 655000 200000 635000  200.000
6.635.523 4IXSYWpS |TYPICAL_CC1_1 |QsE3 12312012 | 16 |OUT |0.000 | 0.000 0000 0000| 300000] 50.000| 300000  50.000
6,635,326 [438YWpA [COMPLEX CC1 I QSE4 12312012 16 [OFF 0.000 [ 0.000 0000/ 0000| 225000/ 60000[ 225000 60.000
6.635.526 [43SYWpA [COMPLEX_CC1_2 QSE4 12312012 16 |OFF 0.000 | 0000|0000 0000| 450000/ 120000 @ 450.000 120,000
6,635,326 [438YWpA [COMPLEX CC1 3 QSE4 12312012 16 [OFF 0.000 [ 0.000 [0.000] 0000[ 700.000] 145000  700.000 143.000
6,635,526 [43SYWpA [COMPLEX_CCI_4 QSE4 12312012 16 [OFF 0.000 | 00000000 0000| 675.000] 180000 @ 675.000 180.000
6,635,526 [438TWpA [COMPLEX CC1 3 QSE4 12312012 16 [oN 0.000 | 00000000/ 0000| 975000 205000 975000 205000
6.635.526 [43STWpA |[GUESSWHO CC1_1 QSE4 12312012 16 [OFF 0.000 [ 0.000 0000 0000[ 325000 85000  325.000 85.000
6,635,526 [43STWpA [GUESSWHO CC1 2 QSE4 12312012 16 [oN 0.000 [ 0.000 [0.000 0000[ 650000] 155000  630.000 133000
6.635.526 [438YWpA [FUN_CCI_I QSE4 12312012 16 [OFF 0.000 | 00000000/ 0000| 205000/ 45000 205.000 45.000
6.635.526 [438YWpA |[FUN_CC1_2 QSE4 12312012 16 [oN 0.000 | 0000|0000/ 0000| 240000/ ss000| 240000 85.000
6,635,526 [43SYWpA [SAD CC1 1 QSE4 12312012 16 [OFF 0.000 [ 00000000/ 0000| 207000/ 73000 207.000 73.000
6.635.526 [43SYWpA [SAD_CC12 QSE4 12312012 16 [OFF 0.000 | 00000000 0000| 403000/ 78000  403.000 78.000
6,635,526 [438YWpA [SAD CC1 3 QSE4 12312012 16 [oN 0.000 [ 0.000 0000/ 0000| 610000] 151000 610.000 151.000
6.635.526 [43SYWpA [BLUE_CCI_I QSE4 12312012 16 [OFF 0.000 | 00000000 0000| 232000/ w0000 232.000 90.000
6,635,526 [438VWpA [BLUE_CC1 2 QSE4 12312012 16 [oN 0.000 [ 0.000 0,000/ 0000| 300000/ 110000  300.000 110.000
6.635.526 [43SYWpA [COMPLICATED CCI_I |QSE4 12312012 16 [OFF 0.000 | 0.000 0000/ 0000| 130000/ 6000D| 130.000 60.000
6.635.526 [4i3SYWpA |COMPLICATED_CC1 2 |QSE4 12312012 | 16 |OFF |0.000 | 0.000 (0000 0000| 135000 64000 135000  64.000
6.633.526 [435TWpA |COMPLICATED_CC1_3 |QSE4 12312012 | 16 [OFF |0.000 [ 0.000[0.000| 0000 165000 90000 165000  90.000
6.635.526 [43SYWpA |COMPLICATED CCl1 4 |QSE4 12312012 | 16 |OFF |0.000 | 0.000 (0000 0000 219000 126000 216000  126.000
6.633.526 [435TWpA |COMPLICATED CCl_3 |QSE4 12312012 | 16 [OFF |0.000 [ 0.000[0.000| 0000 250000 120000 250000  120.000
6.635.526 [43SYWpA |COMPLICATED CCl1 6 |QSE4 12312012 | 16 |OFF |0.000 | 0.000 0000 0000| 262000 135000 262000  135.000
6,635,326 [43SYWpA ||COMPLICATED_CC1_7 ||QSE4 12312012 | 16|OFF  |[0.000 | 0.000 [0.000 0.000| 300000 170000| 300000  170.000
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Resource Status Determination

oo e -
LOgiCEl Unit Summary Unt  Logical Unit | |jne | Transformerl Loadl B I v @ e | PR EE QKNET REALTIME
TOP DONE
Station v‘ Unit ‘ CCU? | SGR? R‘;’::t'gge sctgtzs L?; ‘%gs 'T'g:'r?':t "Laef::'n? Last Alarm Time
B aS e d O n KMCHI cci ¥ 13 13 ¥ 1 L 14-Apr-2010 14:45:48
KMCHI cc2 ¥ 13 1" P 1 L 14-Apr-2010 14:45:48
° C O P TNSKA ccl o 13 13 Ll L 14-Apr-2010 14:45:48
LPCCS cci ¥ 2 3 P 1 L 14-Apr-2010 14:45:48
LPCCS cc2 ¥ 2 3 P 1 L 14-Apr-2010 14:45:48 e 2
° T | t y FREC ccl o 2 2 1 L 14-Apr-2010 18:50:28 C!
e e m e r FREC ccz i 2 2 1 L 14.Apr-2010 18:50:28 A ¢ Xo)\ g2
SILASRAY  CC1 o 13 13 I L 14-Apr-2010 15:01:38 \)\a\e \@G\'\
B_DAVIS  cC1 i 3 0 ¥ 1 Ll 14-Apr-2010 14:45:48 %\((\ Oe
CCEC cct ¥ 2 2 1 L 14.apr2010 18:50:28 \.age
LGE cct v 2 13 o 1 L 14-Apr-2010 14:45:48 O\)
NEDIN cci o 3 3 1 L) 14-apr-2010 18:32:28
FRONTERA CC1 ¥ 3 13 ¥ 1 L 14.apr2010 14:45:48
DUKE cct ¥ 3 3 1 L 14-Apr-2010 18:50:28
INGLCOSW cC1 ¥ 82 3 ¥ 1 L) 14-Apr-2010 18:02:58
NUECES_B CC1 ¥ 3 3 O O
OECCS  cCf ¥ 3 13 ¥ 1 L 14-Apr-2010 15:32:38
. OECCS  cc2 ¥ 3 13 ¥ 1 L) 14-apr-2010 15:32:38
EMS Current Commitment Status QALSW  cC1 vl 13 13 ¥ I Ll 14-Apr-2010 14:45:48
QALSW  CC2 « 13 13 o 1 L 14-Apr-2010 14:45:48
FLCNS cct ¥ 13 13 ¥ 1 L 14-Apr-2010 14:45:48
Resource Mame Status WFCOGEN CC1 + 13 13 ' | | 14-Apr-2010 14:45:48
AMISTAD_AMISTAGL OFF - . ‘
AMISTAD_AMISTAGZ =] - .
AMOCOOIL_CC1 3 aon EMS History Commitment Status
AMOCOCIL_CCZ 5 =]
APD_APD_G1 On Resource Mame Online Hours OFflime Hours Mo, Starkups
ATKING_ATRINSGS CFF AMISTAD_AMISTAG1 ~ 0 3 =
ATKINS_ATKINGG4 OFF AMISTAD_AMISTAGE L z [5] 1
ATKING_ATKINGGS OFF AMOCOOIL_CC1_1 i 1 2
ATKINS_ATKINSGE OFF AMOCOOIL_CC1_z o 7 [1]
ATKING_ATKINGG7 OFF AMOCOOIL_CC1_3 27 a 1]
AUSTPL_AUSTINGI on AMOCOOIL_CC1_4 o 7 [5]
a avoroon e 3 x g
AZ_AZ_G1 LY OFF AMOCOOIL_Coz_z o 27 o
R G 3. 0¢ OFF AMOCOOIL_CC2_3 0 27 0
AZ_AZ_G3 R\ OFF AMOCOOIL_CCZ_4 o 7 [5]
AZ_A7_G4 PR OFF AMOCOOIL_CCZ_5 Ao\ 1 0 1
BASTEN_CC1_1 = M AMOCOOIL_CCZ_6 A0 o 7 [i]
BBSES_LINIT1 OFF AMOCOOIL_CCE_ 7 K-\ [i] 7 =]
BESES UNITZ on AMOCOOIL_CCZ_8 = \". 1] 27 [x]
BOSCLESW_(C1_1 OFF :E"E?i%g“-(;—fcz—g o0 ? 2; 42
BOSQRES i Reer Ry OFF ATKIMS _ATKINSGS 0 z7 ol
GRAIRNE Gol 2 OFF ATKIMS_ATKIMS G4 0 27 0
ERAUMIG_¥HE1 OFF ATEIMNS_ATEINSGES [5] z7 5]
BRAUNIG_YHEZ =0 ATKINS_ATKINSGE o z7 5]
BRALNIG_YHES OFF ATKIMS_ATKINSGT o z7 5]
BRALINIG_YHEACTS OFF SUSTPL_ALSTIMNG 2 5] 2
BRALNIG YHEGCTE OFF AUSTPL_ALSTINGZ 11 o 1
BRALNIG_YHBECT? OFF :Z—iz—gl g 27 g
e
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Outage Scheduler

Create Outage Request
Planned Outage: Any majpr or mnor transmission or resource facity equpment culage (ciher than a defined Maintenance cutage) that s planned
Bnd scheduled in advance
Azguest Dste 20 Apr 2010 10:59
Ragusstor user
Reguesting Company
Primary Phans
Secondary Fhone i
Requestor Phone
Catpgory Resource
Hoﬁ‘(:".'ne Planned
Racurring? C ves @ N
Planned Start |apr202010 1058 | Planned End [Apr 202010 1059 i
Earfiest Start |Apr202010 1059 | LatestEnd  [Apr202010 1059 ]
Nature of Work | _:l
Operating Company a(\d
Station Name I =] O_se
Resource Type IIJIJ vl dao\ed da\,‘a
Resource [ =l Re \)‘Ge
Group Hame I Reso %
Selected Resource
Operating Company Station Resource Type Resource HSL LSL Remove
U GT1 | | Q
UN &2 | [ [x]
un 5T1 | | 'x)
h.. u =
_Cance | [ sobmit_|
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Primary & Alternate Generation Unit Selection

Outage Scheduler entries are by CCT Generation Unit

TSP Owned Resource Owned

rMn

smo% E _O’g.’ j 3&, Ocms

B4 B5 B6 ! sDO1
X101
/ L '
$010 /4 5020 % S030 1 i
Lo2

L01

mn (rpn

:

If the CCGR includes a primary generation unit that is subject to an outage,

then MMS DAM/RUC applications uses the alternate unit for the outaged
unit in the CCGR
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Data iIs used to Commit/ Decommit Resources in RUC

=18 ]

HRUC Workfow (http: i#4503.ercot.com,/gui)

Edit  View Fawvorites  Market Operation  Market Participation  ©utage Scheduler

® -v

HRUC Workflow

System Administration  Help

Execution Mode: Constrained
— Study Time
Stark Tirne: 2010-04-14 20:00:00 COT Skep Size (min): &0
End Tirne: 2010-04-15 24:00:00 COT Number of Intervals: 29
— Control
Start Up ] [ Fun Al ] l Abort, ] l Shut Down
— Workflow
| 5
DSl (1111 NDP L1111 NSM L1111} NCUC  g9Bee psp (11117} sV QeDee
J Execute o Execute J Exerute o Execute o Exerute o Exerute
J Manual o Manual J Manual J Manual o Manual J Manual
Completed Completed Completed — Completed Completed — Completed
2010-04-14 12:06:01 2010-04-14 12:07:40 2010-04-14 12:25:42 2010-04-14 12:27:09 2010-04-14 12:27.00 2010-04-14 12:48:24
2010-04-14 12:07:40 2010-04-14 12:08:56 2010-04-14 18:27:09 2010-04-14 18:27:08 2010-04-14 18:27:15 2010-06-14 18:47:51

SCUC Convergence . with violation{s)

— Run

(= )= )= ) (= ) = ] [ ]




MMS Applications
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Sub Topics

Topics we’ll cover:

 Resource Node types for Combined Cycle (Logical & Physical)

Market submissions guidelines
« Combined Cycle Modeling

« Aggregation and Disaggregation between the logical Resource
Node and the physical generation Resource Nodes

* Resolving missing or conflicting COP Resource Status

» ldentifying active Resources for each Combined Cycle Generation
Resource (primary/alternate RARF designations)

 Modeling startup and transition

ERCOT 53



Definition

Physical RN for Ul

Physical RN for U2

Physical RN for U3

CCT

CCU

Logical RN for
CC1
Mapped to
CC1.1
CC1 2
CC1_3
CC1 4
CCGR
CcCl 1]|cc1l2|cci3(ccr 4
CC1l HRL [ 1XO 2X0 1X1 2X1
Unitl1 | CT | 100 X X X X
Unit2 | CT | 100 A X A
Unit3 | ST | 100 X X
300 100 200 150 300




Combined Cycle Train Resource Nodes

Logical Resource Nodes Physical Resource Nodes

e Defined for each Combined Defined for each generation
Cycle Train (CCT) & mapped to unitina CCT
All CCGRs within the CCT « Mapped to an EB (Electrical

« Abstract in network model, i.e., Bus) in the Network model
not mapped to any Electrical Bus

e Could be Settlement Point for

* Resource specific submissions _ CRR offer
(3PO & AS offer) for the CCGRs
. — DAM Energy only
are optimized and settled at the .
offer/bid,

logical Resource Node for the o |
CCT — PTP Obligation bids, and

— QSE to QSE trades
« Usedin NSM

e Usedin NCUC and SCED
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Market Submissions Guidelines

« 3PO and online reserves can be submitted for each CCGR
separately.

 CRR offer, DAM Energy only offer/bid, PTP Obligation bids, QSE to
QSE trades cannot be submitted at logical Resource Node,

« Offline Non-Spin offer can be submitted only for CCGR that are
registered as a startup mode.

— If multiple Offline Non-Spin offers exist from different CCGR
within the same CCT, then the offer from for the CCGR with max
HSL capacity is selected as the only valid offer.
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Market Submissions Guidelines

COP Verification

« COP for any CCGR is not cross validated with COP for other
CCGRs in the CCT at the time of submission.

« Warning messages are sent out every hour to the QSE if there is
any conflicting submission.

« Ancillary Service Responsibility check will check the COP status and
will count only the Ancillary Service from CCGR with highest HSL.



CCT Modeling in MMS

« Each CCGR of a CCT is modeled as a separate Resource in the
optimization.

« For each time interval
— Only one CCGR is awarded online reserve/energy

— Either offline NSRS or Energy/online reserve is awarded not
both

« CCGR committed at the end of study period shall be a shutdown
capable CCGR of the CCT.

o |fa CCGR is already self committed in an hour then RUC will not
transition the CCT to another CCGR in the same houir.
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CCT Modeling in MMS

o All Network Constrained Unit Commitment (NCUC) and Economic
Dispatch (SCED) modules model CCGRs at the logical Resource
Node.

» All Network Security Analysis (NSM) applications model power
injection at the CCT unit connectivity node(s).

—Workflow
uc 20009
S Execute — {IUC. NCUC. DSP}
T | ° look at CC configurations
Completed
DSl 20009 2009-08-10 13:09:50 NSM 09800 | NCUC  fODOO DSP 000080 sSAY 90009
J Execute 2009-09-10 13:09:56 o Execute o Execute o Execute o Execute
J Manual & Manual J Manual J Manual # Manual
Completed Completed [ Completed Completed — Completed
NDP 0000
2009-08-10 12:08:23 o Execute 2009-09-10 12:09:57 2000-09-10 12:00:57 2009-09-10 13:09:57 2000-09-10 13:10:05
2009-08-10 13:09:50 J Manual 2009-08-10 13:09:57 2008-08-10 13:09:57 2009-08-10 13:10:04 2008-09-10 43:11:31
- Completed
2008-08-10 13:09:50 SCLC Conver |
2008-08-10 13:09:50

{ NDP, NSM } deal with physical CCU



CCT Modeling in MMS

MMS disaggregates dispatch from logical Resource Node to CCT
physical Resource Node(s) and aggregates Shift Factors from
connectivity node(s) to logical Resource Node

Dispatch (Base CCls3
Point) A T
l LMP &
constraints

4

A A ﬂk
I

\ 4 ; V‘

Unit 1 Unit 2 Unit 3




CCT Modeling in MMS

1)

Logical Resource Node Energy Dispatch Schedule (Base Point)
Disaggregation (NCUC to NSM)

— Energy schedule for CC configuration (from NCUC) is
distributed to power output of active units in the online CCGR

— Using capacity weights (HRL) as distribution factors

H RI-CCU i
PowOut ., ; = e x EnergySch.cqq
> HRLeey,;
ieCCGR
cc1_1 |cc12 |cc1 3 [cc1a
If NCUC dispatches CC1_3 @
cc1 HRL | 1X0 | 2x0 | 1x1 | 2x1 80 MW
Unitl | CT | 100 X X X X NSM will see it as injections
Unit2 | cT [ 100 | A X A Unitl @ 40MW
Unit2 @ 40 MW
Unit3 | ST | 100 X X
300 | 100 | 200 | 150 | 300
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CCT Modeling in MMS

2) Aggregation of Shift Factor (NSM to NCUC) [LMP and Constraints]

— Linearized constraints are passed from NSM to NCUC to optimize
energy offer. The aggregated Shift Factors are needed for this

— In DAM & RUC, NCUC uses capacity (HRL) weighted average of Shift
Factors from NSM for active physical units of the online CCGR for the
CCT

Z(HRLccu,i & SFCCU,i)
SF — icCCGR
CCGR Z (HRLCCU ’i )

ieCCGR

CC1_1 |cCc1l 2 [cc1_3 |ccl 4
If there is a binding constraint with the

Ccc1 HRL 1X0 2X0 1X1 2X1 following SFs

: Unit 1=0.085

Unit 1 CT 100 X X X X Unit 2=0.077
Unit 2 CT 100 A X A

NSM will pass a SF for CC1_3 equal to

(0.085*100)+(0.077+100) / (100+100)
=0.081

Unit 3 ST | 100 X X

300 100 200 150 300




CCT Modeling in MMS

* In Real Time Market (SCED), aggregated SF is calculated by EMS
using telemetry power output weighted average of units that are
online in current operating configuration

e SCED Base Points and UDBP from LFC are for the online CCGR.
 DALMP, DASPP and RTLMP

— logical Resource Node ->based on aggregated SF
— Physical Resource Node -> based on physical SF

« RTSPP
— logical Resource Node ->based on CCGR BP
— Physical Resource Node -> based on time weighting
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Resource Status Determination

Initial status based on
e COP—all CCGR
 Telemetry — Current Online CCGR

* Historic number of: EMS History Commitment Status
— Online Hours - .
ine 0.
— Offline Hours Resource Name Hours Startups
Station1_Unitl 0 51 0
— Current day start-ups Station1_Unit2 0 3 2
EMS Current Commitment Status SEOIE STl L 0 65 0
Station2_CC1 2 0 51 0
Station1._Unit1 OFF Station2_CC1 4 0 150 0
Station1_Unit2 OFF Sielller 2 o L ! i L
Station2_CC1_3 ON Stat!onZ_CCZ_Z 0 65 0
Station2 CC2_ 5 ON Station2_CC2_3 0 60 0
ion2 2 4 1
Station3_CC1_4 ON e e 0 ° 0
: Station2_CC2_5 45 0 0
Station4_CC1 1 OFF i
Station2_CC2_6 0 45 0
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Resource Status Determination

Missing COP before DAM/RUC study period

If COP is not available for any particular hour from the current hour to the start of the
study period for any CC configuration, then the Resource Status for those hours are
considered as equal to that of the |last known hour’s COP for that configuration.

Missing COP within DAM/RUC study period

If COP is not submitted for any hour in the RUC study period then the configuration is set
as unavailable for those hours

Conflicting COP Resource Status before DAM/RUC study period

If multiple configurations for the same CC plant show as ONLINE for the same hour, then
the configuration which has been ON for the longest is considered as ONLINE and all
other ONLINE configurations are considered OFFLINE

Conflicting COP Resource Status within RUC study period

If multiple configurations for the same CC plant show as ONLINE for the same hour
within study period, then the ONLINE configuration with largest HSL is considered as
ONLINE and all conflict configurations are considered OFFLINE.

The configuration whose status is changed will not get a RUC commitment due to the
change.




Primary & Alternate Generation Unit Selection

Outage Scheduler entries are by CCT Generation Unit

If the CCGR includes a primary generation unit that is subject to an

outage, then MMS DAM/RUC applications uses the alternate unit for
the outaged unit in the CCGR.

TSP Owned i Resource Owned

rMn

smo% E _O’g.’ j 3&, Ocms

B2 :%1: .\j.m FIH_ Al

B4 B5 B6 ! sDO1
X1
e |/ !
5010 | S020 % 5030 / i

mn (rpn

:
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Primary & Alternate Generation Unit Selection

For an outaged primary CC Unit (CCU) with multiple alternates,
DAM/RUC selects:

1) Alternate CCU with highest voltage level
2) Alternate CCU with highest capacity (per the RARF)
3) Alternate CCU that is first in database, (i.e. randomly)

SCED - only dispatches the telemetered online CCGR

| EQUIVALENT CONFIGURATIONS | I EQUIVALENT CONFIGURATIONS |
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Start Up and Transition Modeling

Up Transition
e Number of primary units in To CCGR >= Number of primary units in
From CCGR

Down Transition
* Number of primary units in To CCGR < Number of primary units in

From CCGR
Transition To configuration
Matrix
OFF | 1 2 3 4
OFF Tx
5
gl Y|V T
2 |"‘
= 2 \ \ 0\ "
E W' W T
1E INE
o
4 s s
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Start Up and Transition Modeling

Transition

* Transition cost [1->2] = max(0, StartUpCost [2]- StartupCost [1] )

« Down transition —> transition costs are considered as zero in MMS
« # of startups = # of up transitions for the CCGR.

S&B

« MMS will provide S&B the warmth state for each start and each up
transition.

» Settlements calculates transition cost for up & down transition based
on the warmth state from MMS



Start Up and Transition Modeling

Up Transition
« Considers Min On time; Min off time; Max on time; Max Startup #
« Time from “to configuration” was last off > Min off time;

« Time from “to configuration” was last off is used for the up transition
warmth state

Startup

e Considers Min On time; Min off time; Max on time; Max Startup #

* Time from “plant” was last off > Min off time;

« Time from “plant” was last off is used to for the start up warmth state

Down Transition
» Considers Max on time only



Start Up and Transition Modeling

Warmth state is determined for
« Startup cost -> by offline time of CCT

« Transition cost -> by offline time of To-CCGR

cc1.2

cc1 1 (\

OFF ]
| | | | | | X | | | | | |

Assume Hot to Intermediate as 2.5 hrs o
) Down transition
and Intermediate to Cold as 2 hrs

-> No cost

CCT is offline for 2 hrs

->Warmth state is Hot
CC1_2 has been off for 5 hrs

-> Warmth state is Cold



« 3P0 & AS offer for each of the CCGRs are co-optimized and settled at the abstract logical
Resource Node for the CCT

« CRR offer, DAM Energy only offer/bid, PTP Obligation bids, QSE to QSE trades can not
be submitted at logical Resource Node

« Offline Non-Spin offer can be submitted only for the CCGR that are marked as startup
mode. If multiple offers exist then highest HSL one is used

* Only the AS Responsibility in COP from CCGR with highest HSL will be used
* Only Online COP from CCGR with highest HSL will be used during RUC

» Either offline NSRS or Energy/online reserve is awarded and only one CCGR will be
awarded for each time interval

 HRL is used to aggregate SF and disaggregate dispatch between logical and physical RN

« The LMP/SPP calculation is based on HRL weighted aggregate SF in DAM/RUC and MW
weighted aggregate SF in SCED

« MMS model primary & alternate generation resource
» Transition cost [1->2] = max(0, StartUpCost [2]- StartupCost [1])
 Down transition cost is zero

 Warmth state is based on offline hrs of the CCT for Startup and in the case of a transition,
it is based on offline hrs of the To-CCGR member of the transition pair



Appendix: MMS Applications

DAM SPP for alogical Resource Node
« **CCGR specific awards are settled at the CCT logical Resource Node

« **All other DAM non- Resource specific awards are settled at the specified
CCT generation unit Resource Node

DAM CCT physical Resource Node LMP:
LMPocl’ = 25" + 2 SRy - SFct

S
lines

DAM logical Resource Node LMP:

LMPZ! = 228 £ 3" SR -SFLE,

S
lines

Note: the logical Resource Node LMP is a weighted average of CCGR generation unit Resource Node
LMPs. The calculation is performed implicitly through aggregation of the SF for each of the CCGR
generation units of the awarded CCGR using an HRL based weight factor. If primary is outaged then
alternates HRL is used in determining the weighted average SF.

If none of the CCGR generation units are committed, the logical Resource Node aggregated SF is
calculated assuming injection from all of the generation units in the CCT registration.



Appendix: MMS Applications

SCED LMP

In real-time, the operational CCGR configuration is unique and known
through telemetry provided by EMS. The Shift Factors for the CCGR is
provided by the EMS TCM subsystem.

LM PRSI\(IZED _ ASCED I Z SPl-SCED . SFF\!:\rI]e

Sys ine
lines

**The SCED LMP calculation for the logical Resource Node calculation is
performed implicitly, using the aggregated SF provided by TCM for the
operational CCGR, and is a by-product of optimized SCED base point dispatch.

The aggregated SF of the operational CCGR is the weighted average of the
CCGR generation unit SFs weighted by telemetry power output of each of CCT
generation units that are online.



Appendix: MMS Applications

RT SPP

*RT SPP for the CCT Logical Resource Node is calculated the same
as that for all other Resource Nodes

RTSPP = 3 (RNWF, *RTLMP,)
y

RNWEF, =[Max (0.001, > BP, )*TLMP,]/[> (Max (0.001, > BP, )*TLMP,)]
r y r

Where the Base-Points used in the above settlement equation are the
SCED Base Points issued to the CCGR.

Since SCED does not provide Base Point to the CCT generation units, the
SPP at each of the generation unit Resource Nodes is the simple time-

weighted average of the generation units SCED LMPs over the Settlement
Interval.
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Settlements & Billing
Overview

Pam Shaw



Nodal Settlements Training

Settlements Workshop Materials
« Posted http://nodal.ercot.com/training/index.html

— Day Ahead Market (DAM)
— Reliability Unit Commitment (RUC)
— Real Time Market (RTM)

Future Training Classes


http://nodal.ercot.com/training/index.html�

Combined Cycle focus - Settlements calculations

Review the impacts for Settlements calculations:
 Day Ahead Make Whole Payment

« RUC Settlements
Make Whole Payment/Clawback Charge
RUC Capacity Short
RUC Decommitment Payment

 Real Time Energy Imbalance at Resource Node
» Black Start and RMR Availability
* Base Point Deviation

 Emergency Base Points
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Combined Cycle focus - Day Ahead Make Whole

The Day Ahead Make Whole Payment compensates an eligible
Generation Resource for the portion of its guaranteed operating costs
that are greater than the Day Ahead energy and ancillary service
revenue.

The payment for Day Ahead Make Whole for combined cycle units will
be at the train level and is a result of comparing all guaranteed cost for
the train to all revenue for the train.

CCGR level data is utilized within the make whole calculation. The
inputs used to calculate each interval for a train will correspond to the
CCGR that is DAM-Committed for that hour.

Startup eligibility will be based on Real Time telemetry for the
Combined Cycle train. If the CC Train is committed in multiple
configurations during the day, further compensation may be awarded
during the Startup transition process.



Combined Cycle focus - DAM CC Transitions

Configuration 2

MW

Configuration 1 Configuration 1

HE 1 HE 2 HE 3 HE 4 HE 5 HE 6 HE 7 HE 8
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Combined Cycle focus - Day Ahead Make Whole

Resource Node Resource
Logical Physical
Resource Resource

Bill Determinant Description \[e]o [ Node CC Train
DAMWAMT Day Ahead Make Whole

Payment X X
DAAIEC Average Incremental Energy

Cost X X
DAEOCQTY Energy Offer Curve Quantity X X
DAEOCPR Energy Offer Curve Price X X
DASUO Start Up Offer X X
DAMEO Minimum Energy Offer X X
DAMCOMMITFLAG DAM Commitment X X
DAMSUFLAG Start Up Eligibility X
DAMTFLAG Transition Eligibility X X
DAMWENEFLAG Make Whole Energy Eligibility X X
DASPP Settlement Point Price X
DASTARTTYPE Start Type X X
DAMGCOST Guarantee Cost X X
DAESR Energy Revenue X X
DAASREV Ancillary Services Revenue X X

/‘\
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Combined Cycle focus - RUC Make Whole or Clawback

The RUC Make Whole Payment compensates an eligible Combined
Cycle train for the portion of its guaranteed operating costs that are
greater than the Real Time energy, emergency, and ancillary service
revenue.

The RUC Clawback Charge will evaluate if the revenue paid to the train
IS greater than the guarantee for the operating day and may clawback a
portion of revenue based on clawback factors. Factors are determined
based on if the train had a TPSO for any of its CCGRs for at least one
hour of the Operating day.

The RUC make whole/clawback calculation for combined cycle units
will be at the train level; however, all input data during RUC hours will
be for the committed CCGR. QCLAW hour inputs will be based on the
telemetered CCGR.



Combined Cycle focus - RUC Make Whole or Clawback

Startup eligibility will be based on Real Time telemetry for the
Combined Cycle train. If the CC Train transitions from a Self
Commitment, a DAM commitment, or a previous RUC commitment to a
RUC commitment in a different CCGR during the day, further
compensation may be awarded during the Startup transition process.

Settlements evaluates transition compensation based on the startup
cost associated with the transition and not based on physical
“upward/downward” transitions.

The CCGR telemetered by EMS is used to determine eligibility for
transitions from one CCGR to another. The data is available by time
stamp (hh:mm:ss format) and also available in an interval data cut
(CCTS determines which CCGR is online the longest in a 15 min
settlement interval).

Minimum energy is compensated based on Real Time Metered
Generation from the train.
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RUC Make-Whole Payment Eligibility for SU Transitions

Three possible transitions. Must pass these eligibility rules:

@ bamtoRUC

@ ruc o rRuUC

Q SELF to RUC

RUC is contiguous to DAM commitment
RUC not eligible for SU
RUC committed in different CCGR than DAM

Train is online and generating in the RUC committed
CCGR for at least 1 minute

RUC is contiguous to previous RUC
RUC not eligible for SU
RUC committed in different CCGR than prior RUC

Train is online and generating in the RUC committed
CCGR for at least 1 minute

RUC is contiguous to previous SELF commitment
RUC committed in different CCGR than SELF

Train is online and generating in the RUC committed
CCGR for at least 1 minute
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Combined Cycle focus - RUC CC Transitions

RUC
Commitment

Configuration 2
RUC 1

SELF
Commitment

Configuration 2
RUC 3

RUC
DAM Commitment
Commitment Configuration 1
Configuration 1 RUC 4

HE 8 HE9 HE10 HE1l HE12 HE13 HE14
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Combined Cycle focus - RUC Make Whole or Clawback

Resource Node Resource
Logical Physical
Resource Resource

Bill Determinant Description Node Node CCTrain CCGR

RUCMWAMT RUC Make Whole Payment X

RUCCBAMT RUC Clawback Charge X

ADJRUC RUC Adjustment X

DASUO Day Ahead Start Up Offer X X

EOCPR Energy Offer Curve Price X X

EOCQTY Energy Offer Curve Quantity X X

HSL High Sustainable Limit X X

LSL Low Sustainable Limit X X

MEO Minimum Energy Offer X X

QCLAW QSE Clawback Intervals X

RGFTC Resource Generic Fuel Type Category

RTAIEC Real Time Average Incremental Energy Cost X X

RTMG Real Time Metered Generation X

RTSPP Real Time Settlement Point Price X

RUC RUC Commitment X X

RUCHR Total RUC Committed Hours X

RUCTFLAG RUC Start Up Transition Eligibility X

SELFCOMMITFLAG QSE Self Committed Interval X X

STARTTYPE Start Type X X

STATUSSNAP Resource Status (On, Off) X X

SUO Start Up Offer X X

VERIME Verifiable Minimum Energy Cost X X

VERISU Verifiable Startup Cost X X
“ERrCoT o6



Combined Cycle focus - RUC Capacity Short

5.7.4.1.1 Capacity Shortfall Ratio Share

(5)For Combined Cycle Generation Resources, if more than one
Combined Cycle Generation Resource is shown On-Line in its COP for
the same Settlement hour, then the provisions of paragraph (5)(a) of
Section 3.9, Current Operating Plan (COP), apply in the determination
of the On-Line Combined Cycle Generation Resource for that
Settlement hour.

ERCOT Settlement Implementation:

Check the STATUSSNAPSs, which designate if a CCGR is on-line (1) or
off-line (0) for each RUC process. If two or more CCGRs have a value
of 1 in the same hour, then Settlements will alter the CCGR(s) with the
lower HSL(S) to a value of 2 = invalid. The value of the CCGR with the
highest HSL will remain (1) on-line.
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Combined Cycle focus - RUC Decommitment Payment

If ERCOT decommits a QSE committed Train that is not scheduled to
shutdown within the Operating Day, then the train is eligible to be
considered for the RUC Decommitment Payment.

The Decommitment Payment compensates the Train to start up at the
end of the decommitment period while also considering the revenue the
train would have made had it been online in Real Time as planned.

The SUPR, MEPR and LSL used to calculate payment for each
contiguous decommitted period for a Train shall be the SUPR, MEPR
and LSL that corresponds to the CCGR that is decommitted in the first
hour of the contiguous decommitted period.
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Combined Cycle focus - RUC Decommitment Payment

Resource Node Resource

Logical Physical
Resource Resource

Bill Determinant Description Node Node CC Train CCGR
RUCDCAMT RUC Decommitment Payment X X

ADJRUCD Adjust RUC Decommitment Payment X X

MEPR Minimum Energy Price X X
NCDCHR Number of Decommitted Hours X X

RUCD RUC Decommitment X X
RUCDFLAG RUC Decommitment Eligibility X X
RUCDSTARTTYPE RUC Decommitment Start Type X X

SUPR Start Up Price X X

—_—



Combined Cycle focus - Real Time Energy Imbalance

All QSEs that have generation, load, energy trades, DAM purchases or
sales, and self-schedules at any Settlement Point are assessed a
charge or payment for the imbalance of Energy at the Settlement Point.

ERCOT will pay or charge a QSE for their net injection or withdrawal at
a settlement point.

Due to certain restrictions regarding Settlement point activity, the
activity at a Generation site that has a Combined Cycle train is
assessed at both the Logical and the Physical resource nodes.



Combined Cycle focus - Real Time Energy Imbalance

Resource Node Resource RTLMP
Logical Physical
Resource Resource Resource
Bill Determinant Description Node Node CC Train Gen Site ID
RTEIAMT Real Time Energy Imbalance Payment X
DAES Day Ahead Energy Sales x (3PO)
GSPLITPER Generation Unit Splitting Percentage X X X
MEBMP Metered Energy Bus (MP) X X
NMRTETOTMP Net Metered Real Time Energy Total (MP) X
NMSAMTTOT Net Metering Settlement Payment X
RTRMPR Real Time Locational Marginal Price at Bus X X

ERCOT

SSSK Self Schedule at Sink

SSSR Self Schedule at Source

RTEIAMT Real Time Energy Imbalance Payment X

DAEP Day Ahead Energy Purchase X

DAES Day Ahead Energy Sales X (B

only)

RTQQEP Real Time QSE to QSE Purchase X

RTQQES Real Time QSE to QSE Sale X

SSSK Self Schedule at Sink X

SSSR Self Schedule at Source X
F\
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Combined Cycle focus - Other

Black Start and RMR Availability:

If a Combined cycle Train is under contract for Black Start or RMR, the
Availability calculation will be based on the entire CC Train. The train is
considered “available” if at least one of the contracted CCGRs are
“available”.

Base Point Deviation Charge:

The Base Points and telemetered generation considered for the Base
Point Deviation charge are integrated over the 15 minute settlement
Interval for the Combined Cycle Train (AABP and TWTG).

Emergency Base Points:

The Emergency Base Points and telemetered generation considered
for the Emergency Base Point calculation are integrated over the 15

minute settlement interval for the Combined Cycle Train (AEBP and

RTMG).



Conclusion



Conclusion

Market Participant Follow-up Information
e Questions?

— Emalil address: NodalMarketTransition@ercot.com

— Subject line: “CC Workshop”

* Next scheduled workshop:
— June 2, 2010
— Houston, TX

— Check ERCOT meeting calendar for location & details

ERCOT 94
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