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Welcome!

Greetings 
and 

Introductions
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Housekeeping

Attendance

Questions

Presentation materials

Recording for internal purposes
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Legal

PROTOCOL DISCLAIMER

This presentation provides a general overview of the Texas Nodal Market and is not 

intended to be a substitute for the ERCOT Protocols, as amended from time to 

time. If any conflict exists between this presentation and the ERCOT Protocols, the 

ERCOT Protocols shall control in all respects.

For more information, please visit:

http://www.ercot.com/mktrules/nprotocols/ 

http://www.ercot.com/mktrules/nprotocols/
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ERCOT Resources Curriculum

Purpose Format Title

Pre-requisite WBT
Resources in ERCOT

Resource Responsibilities in ERCOT

Core Courses ILT

Resources in ERCOT Market Operations

Energy Storage Resources

Intermittent Renewable Resources

Combined Cycle Generation Resources

Post-requisite WBT
IRR Forecasting

Quick Start Generation Resources

Purpose Format Title

Pre-requisite WBT
Resources in ERCOT

Resource Responsibilities in ERCOT

Core Courses ILT

Resources in ERCOT Market Operations

ERCOT Market Operations

Resources in the Day-Ahead Market

Resources in the Real-Time Market

Energy Storage Resources

Intermittent Renewable Resources

Combined Cycle Generation Resources

Post-requisite WBT
IRR Forecasting

Quick Start Generation Resources



6

ERCOT Market Operations

In general, . . .

00:0018:0013:3010:00

DRUC
Hour 

Ahead
Adjustment Period

Operating 

Hour

Day-Ahead 

Market

Operating DayDay-Ahead

HRUC
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Discussion:  Resources in the ERCOT Markets

DAM

Real-Time

RUC

• Offer Energy and/or Ancillary Services

• Made whole to DAM award costs

• Keep all profits

• Offer Energy and Ancillary Services

• ERCOT Creates Proxy Offers as needed

• Settled on difference from DAM & Trades

• Commit if needed

• Made whole to costs

• Claw-back profits

Do nothing?

SCED



Resources in the Day-Ahead Market
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Day-Ahead Market (DAM)

Economically optimized subject to constraints

Energy Offers 

and Bids

AS Offers 

and ASDCs

PTP Obligation 

Bids

Hourly Prices

Hourly Awards

DAM
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Topics

Topics in this module include:

3 Post DAM Activities

2 Resource Limits in DAM Clearing

1 Resource Offers in DAM
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Scenarios: Linked AS and Three-Part Supply Offers

Three Part Supply Offer

Energy

Offer 

Curve

Start-Up Inclusive

ExclusiveMinimum

Energy

AS Type Offer

Reg-Up 30 MW $ / MW

Reg-Down 30 MW $ / MW

Responsive 60 MW $ / MW

ECRS 120 MW $ / MW

Off-Line Non-Spin 300 MW $ / MW

Resource Limits

HSL 300 MW

LSL 100 MW

RRSPF% 20% HSL

Normal Ramp Rate 10 MW/min

Emergency Ramp Rate 12 MW/min

AS Type Offer

Reg-Up 30 MW $ / MW

Reg-Down 30 MW $ / MW

Responsive 80 MW $ / MW

ECRS 120 MW $ / MW

On-Line Non-Spin 200 MW $ / MWAS Type Offer

Reg-Up MW $ / MW

Reg-Down MW $ / MW

Responsive MW $ / MW

ECRS MW $ / MW

Non-Spin MW $ / MW

Resource may be 

offered for Energy 

Inclusive or Exclusive 

of Ancillary Service Offers
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Ancillary Service Offers with Inclusive Energy Offer Curve



13

Ancillary Service Offers with Exclusive Energy Offer Curve
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Inclusive Off-Line Non-Spin?
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What if QSE is already planning to run the Resource?

Ancillary Service Offers?

Energy Offers?

150 MW 300 MW

HSL

0 MW

Obligated by Trades Remaining Capacity
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Example 1: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

150 MW 300 MW

HSL

0 MW

$40 / MWh

Obligated by Trades Remaining Capacity

250 MW

Reg-Up

Energy Offer

$10 / MWStartup Offer = $0

Minimum Energy Offer = $0



17

Example 1: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

150 MW 250 MW

Reg-Up

DAM Energy Award

300 MW

HSL

0 MW

150 MW Trade Obligation

Possible outcome:

Clears at $20/MWhClears at $20/MWh
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Example 1: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

100 MW

LSL

150 MW 250 MW

Reg-Up

Energy Offer

300 MW

HSL

0 MW

What DAM actually saw:

• $0 Startup Costs

• $0 Minimum-Energy Costs

Min Energy OfferMin Energy Offer

Priced @ $40/MWh

Ancillary Service Offers?

Energy Offers?

150 MW 250 MW

Reg-Up

DAM Energy Award

300 MW

HSL

0 MW

150 MW Trade Obligation

Unintended outcome?

Clears below prices on 

Energy Offer Curve

What DAM actually saw:
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Example 2: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

150 MW 300 MW

HSL

0 MW

$40 / MWh

Obligated by Trades Remaining Capacity

250 MW

Reg-Up

Energy Offer

$10 / MW

100 MW

Startup Offer = $0

Minimum Energy Offer = $0
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Example 2: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

100 MW 250 MW

Reg-Up

DAM Energy Award

300 MW

HSL

0 MW

150 MW Trade Obligation

Possible outcome:

Clears at $20/MWh



21

Example 2: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

100 MW100 MW

LSL

250 MW

Reg-Up

Energy Offer

300 MW

HSL

0 MW

What DAM actually saw:

• $0 Startup Costs

• $0 Minimum-Energy Costs

Min Energy Offer

Priced @ $40/MWh

Ancillary Service Offers?

Energy Offers?

100 MW 250 MW

Reg-Up

DAM Energy Award

300 MW

HSL

0 MW

150 MW Trade Obligation

Unintended outcome?

Clears below prices on 

Energy Offer Curve

What DAM actually saw:
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Example 3: Inclusive Three-Part Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

150 MW 300 MW

HSL

0 MW

$40 / MWh

Obligated by Trades Remaining Capacity

250 MW

Reg-Up

Energy Offer

$10 / MW

100 MW

Startup Offer is NULL

Minimum Energy Offer is NULL
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Example 3: Inclusive Energy Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

250 MW

Reg-Up

Energy Offer

100 MW 300 MW

HSL

0 MW

What DAM actually sees:

• No Startup Costs

• No Minimum-Energy Costs

Priced @ $40/MWh

LSL constraint ignored
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Example 3: Inclusive Energy Offer with Reg-Up

Ancillary Service Offers?

Energy Offers?

250 MW

Reg-Up

DAM Energy Award

100 MW 300 MW

HSL

0 MW

150 MW Trade Obligation

Possible outcome:

Clears at or above $40/MWh
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Topics

Topics in this module include:

3 Post DAM Activities

2 Resource Limits in DAM Clearing

1 Resource Offers in DAM
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System-Wide Resource Limits

Responsive Reserve Service Subtypes

RRSPFRRSUF

RRSFF

Primary Frequency 

Response

Load Resource on 

Under-Frequency 

Relay

Fast Frequency 

Response

Min 1377 MW

Max 450 MW

Max (RRSUF + RRSFF) 

= 60 % Total RRS
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Current Operating Plan

Communicates Resource Capabilities

Current Operating Plan

Resource 

Name

Resource 

Status

Resource Limits ESR SOC Limits Ancillary Service Capabilities

HEL HSL LSL LEL Min Max
Hour 

Beginning
Reg-Up Reg-Dn RRSPF RRSFF RRSUF ECRS NSRS

GEN1 ON 620 600 120 120 - - - 20 20 40 0 0 40 120

GEN2 OFF 100 90 25 20 - - - 0 0 0 0 0 0 90

LR1 ONL 30 30 0 0 - - - 0 0 0 0 30 0 0

ESR1 ON 40 40 -40 -40 0 40 40 40 0 0 40 0 40 10

Used to limit DAM awards
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Individual Resource Limits

Limits enforced by Day-Ahead Market:

Generation 

Resources

Responsive Reserve 

(RRSPF subtype)

Award ≤ RRSPF% of HSL

(20% or Proven)

Responsive Reserve

(RRSFF subtype)

Award ≤ 15-minute capacity

(Proven)

ERCOT Contingency 

Reserve Service (ECRS)
Award ≤ 10  *

Emergency 

Ramp Rate

Energy and AS Capacity Total Award ≤ HSL

Load 

Resources
Responsive Reserve Award ≤ HSL - LSL
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Topics

Topics in this module include:

3 Post DAM Activities

2 Resource Limits in DAM Clearing

1 Resource Offers in DAM
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Day-Ahead Market Results

00:0006:00 13:3010:00

Day-Ahead

Operating Day
Day-Ahead 

Market

ERCOT Posts Results

by 13:30
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Post Day-Ahead Market

00:0006:00 14:3013:3010:00

Day-Ahead

Operating Day
Day-Ahead 

Market

QSE may need to 

act on DAM Results 

DRUC
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Ancillary Service Arrangements

Self-Arranged Ancillary Services

. . . must be arranged by 14:30

Self-Arranged AS Quantities
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Current Operating Plan

Resource 

Name

Resource 

Status

Resource Limits ESR SOC Limits Ancillary Service Capabilities

HEL HSL LSL LEL Min Max
Hour 

Beginning
Reg-Up Reg-Dn RRSPF RRSFF RRSUF ECRS NSRS

GEN1 ON 620 600 120 120 - - - 20 20 40 0 0 40 120

GEN2 OFF 100 90 25 20 - - - 0 0 0 0 0 0 90

LR1 ONL 30 30 0 0 - - - 0 0 0 0 30 0 0

ESR1 ON 40 40 -40 -40 0 40 40 40 0 0 40 0 40 10

Self-Arrangement from QSE’s Resources



Resources in the Real-Time Market
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Two Main Real-Time Processes

Five-minute 

Awards

Five-minute 

Prices

Regulation

Service

Updated Desired 

Set Point

SCED

LFC

60 Hz

Resource

Telemetry

Resource 

Offers

Resource

Telemetry

Resource 

Awards
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Topics

Topics in this module include:

3 Load Frequency Control and Primary Frequency Response

2 Resource Offers in SCED

1 Resource Telemetry
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Resource Telemetry from QSEs

ERCOT 

Wide-Area Network

ERCOT 

Systems

ICCP
QSE 

Control 

Systems

SCADA

SCADA

Communicates Real-Time Resource Capabilities:

• Operational Status and Limits

• Ramp Rates

• AS Capabilities

• Self-Provided Ancillary Services

• SOC data for ESRs (more in ESR class)

See ICCP Handbook for details
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ICCP Resource Telemetry

Name
Operational Status and Limits Ancillary Service Capabilities

Status

(Code)

Power

(MW)

HSL

(MW)

LSL

(MW)

Up Ramp

(MW/Min)

Dn Ramp

(MW/min)

Reg-Up

(MW/min)

Reg-Dn

(MW/min)

RRSPF

(MW)

RRSFF

(MW)

RRSUF

(MW)

ECRS

(MW/min)

NSRS

(MW/min)

GEN1 ON 455 600 120 4 4 4 4 40 0 0 4 4

GEN2 OFF 0 90 25 - - 0 0 0 0 0 0 3

LR1 ONL 30 30 0 - - 0 0 0 0 30 0 0

ESR1 ON 0 40 -40 8 4 8 0 0 40 0 4 .33

Discussion:  Sample Resource Telemetry Data Received from QSEs

5-min 

blended

10-min 

blended

30-min 

blended

Must be updated every 2 seconds

Multiple 

Ramp Rates?

Multiple 

Ramp Rates?
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Discussion:  Self-Provided Ancillary Services

Load Resources on 

Under-Frequency 

Relays (UFR)

Bilateral Trade

MW

$

RRS or ECRS AS Position

ICCP

SCED must 

Award

Five-minute 

Prices

SCED

What are 

the Benefits?

QSE may 

Self-Provide
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Topics

Topics in this module include:

3 Load Frequency Control and Primary Frequency Response

2 Resource Offers in SCED

1 Resource Telemetry
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Energy Offers

Energy Offer Curve

$
 /
 M

W
h

MW

LSL HSL

Name that Resource!

RTM Energy Bid

$
 /
 M

W
h

MW

LSL HSL

Energy Bid/Offer Curve

$
 /
 M

W
h

MW

LSL HSL0
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Generation Resource Output Schedules

“Offer” to be a Price Taker

0

10

20

30

40

50

5 10 15 20 25 30 35 40 45 50 55 60

M
W

 O
u

tp
u

t

Minutes

Output Schedule
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Scenario:  What if?

Energy Offer Curve

$
 /

 M
W

h

MW

LSL HSL

Not full-range

Proxy Energy Offer Curve

$
 /
 M

W
h

MW

LSL HSL

-$250

Not full-range

Energy Offer Curve

$
 /
 M

W
h

MW

LSL HSL

No offer at all

(includes Output Schedule)

Proxy Energy Offer Curve

$
 /
 M

W
h

MW

LSL HSL

-$250

RTSWCAP

No offer at all

Current Output + 1MW

Current MW Output
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Ancillary Service Offers

Resource-Specific Offers for Each Qualified Service

Type of Service Offer

Regulation Up MW $ / MW

Regulation Down MW $ / MW

Responsive Reserve MW $ / MW

ERCOT Contingency Reserve MW $ / MW

Non-Spinning Reserve MW $ / MW

• Up to 5 Offers per service 

per Resource

• Subject to $0 floor price
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Proxy Ancillary Service Offers

Applies to all AS Qualified Resources

Reg-Down

Reg-Up

RRS

ECRS

Non-Spin

Proxy AS Offers

$ 15

MW

HSL

$ 50

$ 500

$ 1500

$ 2000

Award still constrained by Resource Capabilities

Priced from each 

Ancillary Service Demand Curve 

at 95% of AS Plan MW

(up to $2000)

$ / MWh
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Security Constrained Economic Dispatch

Manages Reliability at Least Cost

Five-minute 

Base Points

Five-minute 

AS Awards

Five-minute 

Prices
SCED

Resource 

Telemetry

Energy Offers 

and AS Offers

Reliability 

Constraints
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Topics

Topics in this module include:

3 Load Frequency Control and Primary Frequency Response

2 Resource Offers in SCED

1 Resource Telemetry
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Load Frequency Control (LFC)

Updated Desired 

Set Point

Regulation

LFC

60 Hz

System 

Telemetry

Resource 

Telemetry

Runs every 4 seconds!

Base Points &

AS Awards
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Facilities with Governor-in-Service Requirements

Generation 

Resources

Energy Storage 

Resources

Controllable 

Load

Resources

Settlement Only 

Generators
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Governor in Service Requirements

Governors must respond to changes

in system frequency

. . . after a point
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Control of System Frequency

Time (seconds)

60.000

60.050

59.950

60.025

59.975

S
y
s
te

m
 F

re
q

u
e
n

c
y
 (

H
z
)

0          +100           +200          +300           +400          +500          +600
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Control of System Frequency

0          +100           +200          +300           +400          +500          +600

Time (seconds)

60.000

S
y
s
te

m
 F

re
q

u
e
n

c
y
 (

H
z
)

60.017

59.983

Between Dead-Bands:

• Load Frequency Control

• No Primary Frequency 

Response

* See Nodal Operating Guide 

Sections 2 and 8 for more details

Governor 

Dead-Band

Governor 

Dead-Band
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Control of System Frequency

0          +100           +200          +300           +400          +500          +600

Time (seconds)

60.000

S
y
s
te

m
 F

re
q

u
e
n

c
y
 (

H
z
)

60.017

59.983

Outside Dead-Bands:

• Load Frequency Control

• Primary Frequency 

Response as capable

Expected PFR = +/- 3.4% HSL per 0.1Hz

(for most Resources*)  

* See Nodal Operating Guide 

Sections 2 and 8 for more details

Governor 

Dead-Band

Governor 

Dead-Band
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Primary Frequency Response

System response depends on Frequency Deviation

Proportion of HSL
Proportion of Primary 

Frequency Responsive Capacity
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Example:  ESR Primary Frequency Responsive Capacity

HSL = High Sustained Limit

MPC = Max Power Consumption

PFR Capacity

Operating

Point

MPC

HSL

FFR 

Responsibility

0

Low Frequency?
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Ancillary Service Products

Responsive Reserve Service Subtypes

RRSPFRRSUF

RRSFF

Primary Frequency 

Response

Load Resource on 

Under-Frequency 

Relay

Fast Frequency 

Response

Min 1377 MW 

Max 450 MW

Max (RRSUF + RRSFF) 

= 60 % Total RRS

Two names for 

the same thing?
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Original Plan Per NPRR863 (Pending BAL-001-TRE-2 SAR)

Time (seconds)

60.000

S
y
s
te

m
 F

re
q

u
e
n

c
y
 (

H
z
)

60.017

59.983

RRSPF Governor Dead-Band

RRSPF Governor Dead-Band

PFR Governor Dead-Band

PFR Governor Dead-Band

60.036

59.964

0          +100           +200          +300           +400          +500          +600
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Resource Telemetry to QSEs

ERCOT 

Wide-Area Network

ERCOT 

Systems

ICCP
QSE 

Control 

Systems

SCADA

SCADA

Communicates Real-Time Resource instructions:

• Five-minute Base Points

• Five-minute AS Awards

• Five-minute Prices

• Regulation Deployments

• Updated Desired Set Point

See ICCP Handbook for complete list
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ERCOT Resources Curriculum

Purpose Format Title

Pre-requisite WBT
Resources in ERCOT

Resource Responsibilities in ERCOT

Core Courses ILT

Resources in ERCOT Market Operations

Energy Storage Resources

Intermittent Renewable Resources

Combined Cycle Generation Resources

Post-requisite WBT
IRR Forecasting

Quick Start Generation Resources

Purpose Format Title

Pre-requisite WBT
Resources in ERCOT

Resource Responsibilities in ERCOT

Core Courses ILT

Resources in ERCOT Market Operations

ERCOT Market Operations

Resources in the Day-Ahead Market

Resources in the Real-Time Market

Energy Storage Resources

Intermittent Renewable Resources

Combined Cycle Generation Resources

Post-requisite WBT
IRR Forecasting

Quick Start Generation Resources
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Additional Resources

ERCOT Training Information

http://www.ercot.com/services/training/ 

Course Recommendations

https://www.ercot.com/services/training/recommendations 

Market Education Contact

Training@ercot.com

ERCOT Client Services Contact

Clientservices@ercot.com 

ERCOT Mailing Lists

http://lists.ercot.com/

http://www.ercot.com/services/training/
https://www.ercot.com/services/training/recommendations
mailto:Training@ercot.com
mailto:Clientservices@ercot.com
http://lists.ercot.com/
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Got Feedback?

Scan this QR code to take the course survey!

https://www.surveymonkey.com/r/ERCOTILT

https://www.surveymonkey.com/r/ERCOTILT
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