Training Disclaimer: 1SO New England (ISO) provides training to enhance Se ptem ber 24 , 2024
participant and stakeholder understanding. Not all issues and requirements
are addressed by the training. Consult the effective Transmission, Markets
and Services Tariff and the relevant Market Manuals, Operating Procedures
and Planning Procedures for detailed information. In case of a discrepancy
between training provided by ISO and the Tariff or Procedures, the meaning
of the Tariff and Procedures shall govern.

Unit Commitment and Dispatch
Intermediate Wholesale Electricity Markets (IWEM)

Slides containing quiz questions or classroom
‘ 1 exercises are hidden in the printed and posted
versions of this presentation.

Ke Ma IS0 newengland
Lead Analyst, Advanced Technologies Solutions
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http://www.iso-ne.com/regulatory/tariff/index.html
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http://www.iso-ne.com/rules_proceds/isone_mnls/index.html
http://www.iso-ne.com/rules_proceds/operating/index.html
http://www.iso-ne.com/rules_proceds/isone_plan/index.html

Objectives

At the end of this session, you will be able to:
e Define unit commitment

Describe the goal of unit commitment

Describe the commitment process

Describe how the unit commitment and selection process affects the operating day

Describe the effect of changing bid and offer parameters have on commitment
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Topics
* Commitment and Dispatch Review

* Impacts to Commitment or Dispatch

— Resource Characteristics
 Commitment and Economic Dispatch Example

* Full Day Market Example
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Commitment and Dispatch Review




Operating a Safe and Cost-Effective Grid

* Minimize cost of electricity production

* Determine least-cost security-constrained
commitment and dispatch

— Serve load at different locations in the area based on:
* Forecasted or actual conditions
* Prices participants offered to supply and consume energy
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Grid Operation

How to operate the power system
is one of ISO’s responsibilities
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Commitment Overview

* Decision making process
* ON or OFF for defined period
* In place since 1970s

* Algorithm-based decisions
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Day-Ahead and Real-Time Energy Market Timeline

) By 10:30 By 13:30
Day-Ahead DAM offers ISO publishes schedules for operating day,
Energy Market and bids due DAM LMPs, and binding constraints
(DAM)
'
OPERATING DAY -1 OPERATING DAY
A y 3 S y 3
Real-Time t !
Energy Marlet
(RTM) Re-offer period allows

changes to offers and

bids for operating day 18:30 pm day prior through 11:30 pm operating day

RT intraday re-offer period

05:30 and 09:30 17:00
ISO publishes forecast Resource Adequacy Assessment (RAA)

commits additional resources needed

See eMarket User Guide for more detail

— e | N s B I .
|:_ ol i eVl =t .rm_ e L .."l L vall

el e


https://www.iso-ne.com/participate/support/user-guides/

Perpetual Cycle of Unit Commitment and Dispatch
A Day in the Life of a Resource

OPERATING DAY
|
] I
Commitments I
|

Day-ahead Resource Adequacy Assessment Real-time

commitment (RAA) for reliability (operating day)
Before dispatch Dispatch
v’ Start up

ISO dispatches
between ecomin

v’ Close output breaker

(synchronize to grid)
and ecomax based

on (S,MW) pairs

v' Ramp up to ecomin
v’ Release for dispatch

ISO-NE PUBLIC
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Commitment and Dispatch is Part of Calculating Day-Ahead (DA) LMPs

Calculated Every 60 minutes

Binding
Transmission
Constraints

Security Security-
DA Bids Constrained Constrained
and Unit Economic
Offers Commitment Dispatch
(SCUC)* (SCED)*

* SCUC is also known as Resource Scheduling & Commitment (RSC) DA LMPs for all

SCED is also known as Unit Dispatch System (UDS) locations
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Commitment and Dispatch is Part of Calculating Real-Time (RT) LMPs

Calculated Every 5 minutes

Generator

Offers

RT Data Binding
Transmission

Constraints

Metered Metered
Generation Loads

Unit Dispatch

State Estimator System

(UDS)
LMP Calculator

Dispatch
System Conditions ‘j 1 f Signal (MW)

Generator MW _I

Energy Demand

LMPs for all
locations

IzR 10
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Factoring Commitment into Economic Dispatch

Day-Ahead Market (DAM)

Committed Resource SSSS
Committed Resource $SS$

Committed Resource SS

Committed Resource S

* Intertemporal parameters are
enforced by unit commitment

Economic dispatch:

Maximizes social welfare in both the
day-ahead and real-time markets

Uses the least-cost of the committed
resources to meet demand

Does not use intertemporal parameters*
Determines LMPs (not commitment)
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Real-Time Market (RTM)

Forecasted Demand
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Impacts to Commitment or Dispatch




Resource Classifications Are Changing
Load Curve for April 9, 2023

Net Load (MW)

14,000

Peaking

13,000

Intermediate
12,000

11,000

10,000 > Balancing

9,000

8,000

J
7,000 Baseload

6,000

Hour Ending
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Weather Affects Photovoltaic Output

17.000 Grid must be ready to meet high
midday demand on cloudy days like

15,000 this when solar output is low

13,000
°
>
o 11,000 ===Cloudy Day
ﬁl \/ (April 4, 2023)
S 9,000
©
o
§ 7,000 Sunny Day
- (April 9, 2023)
©
S 5,000
d
w
< 3,000

R O N N N R S SRS RS SR N\
AT 0T QO 0T 500 \/,\/..QO IRV SARPR CARPEVCARPE VAP \/,\/.90

Hour Ending

Learn more at: https://www.iso-ne.com/about/what-we-do/in-depth/solar-power-in-new-england-locations-and-impact
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https://www.iso-ne.com/about/what-we-do/in-depth/solar-power-in-new-england-locations-and-impact

April 9, 2023

13,000
12,000
11,000
10,000 Demand falls below
overnight hours
9,000
8,000
7,000
6,000
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ISO uses hour ending (HE) to describe the hours in a day. Hours 1-24 are the hours from midnight one day through
midnight the next day. For example, HE 1 is from 12 a.m. to 1 a.m., HE 2 is from 1 a.m. to 2 a.m., and so on.
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Offer Parameters Impact Commitment and Dispatch
Parameters that Could Impact Unit Commitment or Dispatch

% o Active demand resources®

Parameters for generators Parameters for active are dispatched economically
o demand response resources based on their energy market
g * Incremental energy offer curves offers, just like power plants
S e Start-up costs * Incremental offers and other supply resources
D« No-load costs * Interruption costs

* Start-up time * Start-up time

e Notification time * Notification time

e Minimum run time * Minimum reduction time

e Minimum down time e Minimum time between

* Economic minimum (ecomin) reductions

Physical Limits

* Economic maximum (ecomax) * Maximum reduction

* Minimum reduction

* Passive demand resources, which are not dispatchable, are ineligible to participate in the energy
markets. Learn more at https://www.iso-ne.com/markets-operations/markets/demand-resources/about.
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https://www.iso-ne.com/markets-operations/markets/demand-resources/about

Intertemporal Parameters

Minimum Run Time

Power
A Minimum Run Time
Release for Release for Release for
dispatch at shutdown at ) shutdown at
ecomin ecomin Cqmmltted resource must run ecomin
. this long before shutdown
Minimum
run time Ecomin
output
(MW)
>» Time
Generator Generator
connects to ramps to
grid at 0 MW EcoMin
Generator Generator
start-up order synchronizes
issued by ISO at 0 MW
18



Intertemporal Parameters Minimum Down Time

Minimum Down Time , _
Decommitted resource must stay offline

this long before running again

Power
A
Release for Release for Release for Release for
dispatch at shutdown at dispatch at shutdown at
ecomin ecomin ecomin ecomin
- Minimum
E_ .
: down time Ecomin
output
(MW)
>» Time
Generator Generator
connects to ramps to
grid at 0 MW EcoMin
Generator Generator
start-up order synchronizes
issued by ISO at 0 MW
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Intertemporal Parameters
Notification Time

Power
A [ ] [ ] [ ] [ )
Release for Notification Time
dispatch at
ecomin Minimum time required for a generator

to come online, from the time it
receives an order from ISO to the time
generator synchronizes to the system

Release for
dispatch at
ecomin

Release for
shutdown at
ecomin

Ecomin

output
\ (MW)
: > Time

;M

Generator Notification Generator
connects to time ramps to
grid at 0 MW : EcoMin
Generator Generator
start-up order synchronizes
issued by ISO at 0 MW
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Intertemporal Parameters
Start-Up Time

Power
A
Release for Release for
dispatch at shutdown at
ecomin ecomin

Start-Up Time

Hours from synchronizing to
grid until reaching economic

Release for
dispatch at
ecomin

Release for
shutdown at
ecomin

Ecomin

output
(MW)

>» Time

minimum (may vary based on
time since unit was last online)

Generator

connects to

grid at 0 MW
Generator
start-up order
issued by ISO

e

Generator
ramps to
EcoMin

Generator
synchronizes
at 0 MW

21



Fast-Start Qualified Offers

 Fast-start qualified offer

— Minimum run time <=1 hour

— Minimum down time <=1 hour Peaking
— Notification time plus start-up time <= 30 minutes
] N
* Only resources with fast-start qualified
offers may be designated for off-line - Balancing
reserves
/
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Fast-Start vs. Non Fast-Start Commitment and Dispatch

_ Day-Ahead Market (DAM) Real-Time Market (RTM)

Fast-Start

Non Fast-Start
(Slow-Start)

I %1‘ -

Purely financial commitment (not physical)
Economic obligation but not an actual dispatch

ON or OFF in each hour

Understood to be an actual dispatch
Expected to be at ecomin at the top of the
first cleared hour

Resource Adequacy Assessment may commit
additional slow-start resources for reliability

b - SRR

I T

May be committed (or not) regardless of
their day-ahead clearing status

Resources that follow dispatch instructions
are “made whole” to their offers

Initial commitment schedule is from DAM
Dispatched between ecomin and ecomax
based on economic offer



Long Minimum Run Times / Minimum Down Times

Power
A
Minimum End-of-horizon effect: Commitment decisions at
run time . a o .
: ; hour 24 can impact the commitment at the beginning
of the next day
* Long minimum run times can cause over-commitment
- - > Time * Long minimum down times can cause under-commitment
23 24 01
Power
A Minimum
: :_ R :
: down time
/ :\ —> Time
21 22 23 24 01 02

ISO-NE PUBLIC
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Starting Status for Hour 1 of Commitment Impacts Commitment and Dispatch

Commitment starts with status from the previous day
* On or Off
 Number of hours in that state

Status based on two values:
* Previous day’s DAM commitment

* Changes made to the current commitment schedule by the:

— RAA process
— Participant self-scheduling additional or decommitting before next DAM
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Limited Energy Resources and Commitment

* Resources with limited amount of energy (quantity submitted by resource owner) are
committed to optimize the overall cost of the daily dispatch

* Resources may or may not be used in the most expensive hours of the day (or those with
the highest LMPs) since the commitment is using this resource in conjunction with other

resources towards maximizing social welfare

 Commitment will not necessarily optimize the profit of that generator but will optimize

social welfare and respect generator offer
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Questions?




Commitment and Economic Dispatch Example

Use Three Resources to Commit 100 MW of Load in One Location




Our Example Versus a Typical Day Market

Three resources
(X, Y, and 2)

For a single hour with three assets...
One

Possible combos = (23)1 hour * Typically 10 — 50 resources committed

for each hour of day

™. Two combinations . _ _ _
(on=1 or off=0) * Trying every possible combination by

hand would take a long time

Number | Number | Number of

of hours | of assets | possible combinations * Mathematical techniques are used to
1 3 (2°)=8 determine a solution
4 3 (23)4= 8% = 4,096
24 32 (232)24 = 4294967296% = 1.55e+231 Full day with 32 assets...
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Example — Commit Lowest Cost Resource(s) to Serve 100 MW of Load

Start up and

Note: For training purposes,
the start up and no load costs

are combined

Scenario assumptions:

Resource Cost Ecomin Ecomax no load costs
(Asset) S/MWh MW MW S/hour
X S10 50 100 S2,000
Y S30 100 150 S1,000
Z S40 75 300 SO
"= o o i ” ~ I ISO-NE PUBLIC . -
o JE==aaV. (=T I - IR

1 hour (hour XX)

1 location

Intertemporal parameters
are all the same

All resources are available
All resources are off
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Three resources
(X, Y, and 2)

For a single hour with three assets...

Possible combos = (23)1

One
hour

\ Two combinations
w7  (on=1 or off=0)

Number | Number | Number of
of hours | of assets | possible combinations
1 3 (23)1=8
~ i ISO-NE PUBLIC
I~ =l r](' L |

IE==SaVal

0 = Off
1=0n

On/off status

Step @) List all Combination(s) of Resources that Could Supply a Given Load

X Y y4

1 none 0 0 0
2 X 1 0 0
3 Y 0 1 0
i} Z 0 0 1
5 X, Y 1 1 0
6 X, Z 1 0 1
7 Y, Z 0 1 1
8 ) P AV 4 1 1 1
s ol DG ] i

. 34



Step (2 Find Total Ecomin and Ecomax for Each Combination
Asset Ecomin Ecomax Combo Ecomin Total Ecomax Total
(MW) (MW) # (Assets On) Ecomin (Assets On) Ecomax
X 50 100 1

Y 100 150 2 X =50 50 X=100 100
y 4 75 300 3 Y =100 100 Y =150 150
4 /=75 75 Z =300 300
c X=50 150 X=100 250

Range of achievable load levels Y =100 Y =150
Sum theh(.acr:)min and_ ecomhax fort;c_he r.esources < ’ X = 50 195 X = 100 200

which are ON in each combination 7 =75 7= 300
. Y =100 175 Y =150 450

/=75 Z =300

X=50 X=100
8 Y =100 225 Y =150 550

/=175 Z =300
"= — o i ISO-NE PUBLIC T a i N =|| — |
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Step &) Determine Which Combination(s) Can Supply 100 MW of Load

Range is the total ecomin to total ecomax found in step 2

A

~

ISO-NE PUBLIC

Total Total
Combo Ecomin Ecomax Feasible?
1 - 0 0
2 X 50 100
3 Y 100 150
4 Z 75 300
5 XY 150 250
6 X, Z 125 400
7 Y, Z 175 450
8 XY Z 225 550
HeH| Il: 71— el DAL T

=

T

Asset Ecomin Ecomax
(MW) (MW)
X 50 100
Y 100 150
Z 75 300

If the load (100 MW) is not
within a combo’s range, then
the combo is not feasible

* If load is greater than total ecomax,
it is not feasible due to a deficit

* |f total load is less than total ecomin,
it is not feasible due to a surplus

I ~_ m [
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Step @) Determine Least Cost Combo to Meet 100 MW of Load

Total ecominto Start up and Dispatch cost  Dispatch Cost Start up
total ecomax no load costs calculation cost Total cost per Eco- | Eco- | andno
MWh min max load costs
1 (none) 0-0 — — —
X S10 50 100 $2,000
2 (X) 50-100 X =$2,000
Y $30 100 | 150 $1,000
3 (Y) 100 - 150 Y =$1,000
y4 $40 75 | 300 $0
4 (2) 75-300 Z=50
X =5$2,000 o List all possible combinations
5(X,Y) 150 =250 Y = $1,000 of resources
X = 52,000 For each resource
6 (X, 2) 125-400 Z =$0 combination, calculate
total ecomin and ecomax
Y =$1,000
7(Y, 2) 175-450 Z =50 Determine if each of the
combinations can satisfy
X'=$2,000 load (are they feasible?)
8(X,Y,72) 225 —-550 Y = 51,000 _ .
7=40 G Deterrnlnfa least cost feasible
combination

i [ e B o | e e I e R e



What If We Needed to Commit 101 MW of Load?

Total ecominto Start up and Dispatch cost  Dispatch Cost Start up
total ecomax no load costs calculation cost Total cost per Eco- | Eco- and no
MWh min max load costs
1 (none) 0-0 — — —
X S10 50 100 $2,000
2 (X) 50-100 X =$2,000
Y $30 100 | 150 $1,000
3 (Y) 100 - 150 Y =$1,000
y4 $40 75 | 300 $0
4 (2) 75-300 Z=50
X =5$2,000 o List all possible combinations
5(X,Y) 150 =250 Y = $1,000 of resources
X =52,000 For each resource combination,
6 (X, 2) 125-400 Z=50 calculate total ecomin and
ecomax
Y =$1,000
7(Y, 2) 175-450 Z =50 Determine if each of the
combinations can satisfy
X'=$2,000 load (are they feasible?)
8(X,Y,72) 225 —-550 Y =$1,000 _ .
7=40 o Deterrnlnfa least cost feasible
combination

: - i ~ SONEPUBLIE 11 S ~ 1.0
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What If We Needed to Commit 170 MW of Load?

Total ecominto Start up and Dispatch cost Dispatch Cost 5::;‘::
total ecomax no load costs calculation Cost Total cost per | Eco- | Eco- | load
MWh | min | max costs
1 (none) 0-0 — — —
X $10 50 | 100 | $2,000
2 (X) 50-100 X =52,000
Y $30 | 100 | 150 | $1,000
3(Y) 100 -150 Y = 51,000
VA $40 75 | 300 $0
4 (2) 75-300 Z=50
X=52,000 i i inati
5 (X, Y) 150 — 250 S o List all possible combinations
Y = $1,000 of resources
X=52,000 inati
6 (X, 2) 125 — 400 S For each resource cqmb|nat|on,
Z=S0 calculate total ecomin and
ecomax
7(Y,2 175-450 | Y~ >%000
(Y, 2) Z=S0 Determine if each of the
— combinations can satisfy
X = 52,000 load (are they feasible?)
8(X,Y,72) 225 —-550 Y = 51,000
Z=50 o Determine least cost feasible
combination
l_ — o | ” - . ISO-NE PUBLIC ||| . o i ” ~ =|| [ . 39
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TEAM EXERCISE: Find the most economical combination to serve the loads below.

Use the worksheet to help you calculate the least cost solution. Provide each resource’s megawatt output and the

total cost to serve the load.

Resource Cost | Ecomin | Ecomax | Start up/no load
(S/Mwh) | (MW) | (MW) ($/hour)
X $10 50 100 $2,000
Y $30 100 150 $1,000
Z $40 75 300 SO
Note: All resources were initially OFF
Load* X Y Z Total
MW MW | Costs MW | Costs MW | Costs Cost

40



Economically Committed Resources

8000

|I:IA-B OCODBEOFEGOHEBE BUOKOLEBEVENBEOEBPOQOROsOTOUOVOWIOXEBYOZOAADOBB OCC BDD BEE OFF

Same approximate load with

7000

6000

different resource commitments

5000

4000

[l

3000

2000 -

1000 -

o1

06 o7 08 09 10 11 12 13 14 15
ISO-NE PUBLIC
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Two Types of Commitment (Both Day Ahead or Real Time)

ISO Committed (Pool Schedule) Self Committed (Self Schedule)

* |SO tells resource to come online * Resource decides to come online

e Costs will be covered through * Costs may or may not be covered
locational marginal price (LMP) through LMP
or Net Commitment Period — Not eligible for NCPC
Compensation (NCPC) * Price taker (at ecomin)
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Self-Dispatch

Resource chooses specific minimum output level
* A self-dispatch request is effectively an intra-hour reoffer at the energy offer floor or
energy offer cap for the MW requested by the participant

* Must be done at least 30 minutes before operating hour

e Can be dispatched above the chosen minimum output if economical (LMP cannot be
lower than offer price)

- e i
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Dispatched Generation

MWh

25,000

20,000

15,000 -

10,000

5,000

1 Committed Gen. Min [0 Dispatched Generation [1Total Capability

pr—

Ecomax

i

Dlspatched Generation Actual

/

/

dispatch

Ecomin

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour
44
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Assumptions
Full-Day Market Example » All demand and supply

are in the same location

* There is no congestion




Full-Day Market Example

21,000

18,000

e

Approximately
500 MW - 2,000 MW

15,000

12,000
14 to 32

9,000 resources per hour

e
Approximately 120

resources
3,000 = Virtual Supply [ 1Economic Cleared MW [ Self-Supply Cleared MW

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

6,000
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14-32 Economically Committed Resources (Day-Ahead Cleared MW)

9,000

Economic Maximum

6,000

Economic Dispatched MW

3,000

< Economic Minimum

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

47
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minimum and maximum every hour.
1
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Each of the committed resources will need to be
economically dispatched between the resource’s
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On for this Hour

1

0 = Off for this Hour
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Committed Baseload Resources

22 23 24

19 20 21

1 12 13 14 15 16 17 18
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Committed Baseload Resources
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These resources have < 24 hour minimum run time,
but due to economics are committed for whole day
(some even have little to no minimum run/down times).
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Committed Intermediate Resources
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Committed Peaking Resources
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End-of-Horizon Effect (Commitment of the Current Day)
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End-of-Horizon Effect (Infeasible Commitment of Next Day)
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Comparison of Economically Committed Resources — Hours 12 and 22
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What If P Was a Limited Energy Resource?
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Summary

In this session, we learned how to:

* Define commitment

* Describe the goal of commitment

* Describe the commitment process

e Describe the effect that changing parameters have on commitment
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Contact Participant Support and Solutions

Ask 1ISO BT request via Ask ISO (preferred)

Py SO NEW ENGLAND https://askiso.force.com/

CUSTOMER SUPPORT

Email AskISO@iso-ne.com

Phone
(413) 540-4220 (call center)

(833) 248-4220 Business hours and
additional contact details

are available from the
Participant Support page

Pager (for emergency inquiries outside of business hours)

(877) 226-4814

Visit the Participant Support page



https://askiso.force.com/
https://askiso.force.com/
mailto:AskISO@iso-ne.com
http://www.iso-ne.com/about/contact/participant-support
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