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Topics Today

= Ancillary Services Prices and Requirements Postings
= LBMP sensitivityto ForecastLoad lllustration

= Next Steps

& New York ISO

©COPYRIGHT NYISO 2023. ALL RIGHTS RESERVED 2



Ancillary Service
Prices and
Requirements Postings
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Current Reserve Postings - Day Ahead

* Clearing prices published by zone, hour, and product
* Requirements for each product, reserves area, and time of day variability are
posted here: https://www.nyiso.com/documents/20142/3694424/Locational-
Reserves-Requirements.pdf
Ancillary Services Prices, Day Ahead Market
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https://www.nyiso.com/documents/20142/3694424/Locational-Reserves-Requirements.pdf
https://www.nyiso.com/documents/20142/3694424/Locational-Reserves-Requirements.pdf

Current Reserve Posting - Real-Time

* RTD clearing prices published by zone, binding five-minute interval, and product.

« RTCand RTD advisory prices are not published.

* Requirements for each product, reserves area, and time of day variability are
posted here: https://www.nyiso.com/documents/20142/3694424/Locational-
Reserves-Requirements.pdf

10 Min Non-
10 Min Spinning Synchronous 30 Min Operating NYCA Regulation NYCA Regulation
Time Stamp Time Zone Name PTID Reserve (5/MWHr) Reserve (5/MWHr) Reserve (5/MWHr) Capacity (5/MWHr) Movement ($/MW)
3/16/2023 0:05 EDT CAPITL 61757 0 0 0 8.17 0.14
3/16/2023 0:05 EDT CENTRL 61754 0 0 0 8.17 0.14
3/16/2023 0:05 EDT DUNWOD 61760 0 0 0 8.17 0.14
3/16/2023 0:05 EDT GENESE 61753 0 0 0 8.17 0.14
3/16/2023 0:05 EDT HUD VL 61758 0 0 0 8.17 0.14
3/16/2023 0:05 EDT LONGIL 61762 0 0 0 8.17 0.14
3/16/2023 0:05 EDT MHK VL 61756 0 0 0 8.17 0.14
3/16/2023 0:05 EDT MILLWD 61759 0 0 0 8.17 0.14
3/16/2023 0:05 EDT N.Y.C. 61761 0 0 0 8.17 0.14
3/16/2023 0:05 EDT NORTH 61755 0 0 0 8.17 0.14
3/16/2023 0:05 EDT WEST 61752 0 0 0 8.17 0.14
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https://www.nyiso.com/documents/20142/3694424/Locational-Reserves-Requirements.pdf
https://www.nyiso.com/documents/20142/3694424/Locational-Reserves-Requirements.pdf

Proposed Postings - Day Ahead Prices

* No change to existing posting of prices.
e Continue posting clearing prices by zone, hour, and product
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Proposed Posting of Requirements - DAM

* Formulas for each product will be posted in a document similar to how they are
currently: https://www.nyiso.com/documents/20142/3694424/Locational-

Reserves-Requirements.pdf
* Results of the evaluation will be posted for every interval, reserve area, and

product as illustrated below:

Ancillary Services Requirements, Day Ahead Market

03/ 16/2023
Time Stamp Fime Zome I“'T:. Spinning Raserve Requiremant Cifuns :.-'-5-3".-: 0 Min Opeara h“M‘:"T v el W)
00-00] EDT NYC A 30| 1260 1530 20N
(0000 EDT EAST| 00| 1187 2400 I
k-] EL SENY]| ] il 1150 [T
(N EDT N i 405 08T I
0 EDT LONGIL| o 120 s i

& New York ISO

©COPYRIGHT NYISO 2023. ALL RIGHTS RESERVED 7


https://www.nyiso.com/documents/20142/3694424/Locational-Reserves-Requirements.pdf
https://www.nyiso.com/documents/20142/3694424/Locational-Reserves-Requirements.pdf

Proposed Posting - Real-Time Prices

* No change to existing clearing price postings.
* RTD clearing prices published by zone, binding five-minute interval, and product.

10 Min Non-
10 Min Spinning Synchronous 30 Min Operating NYCA Regulation NYCA Regulation
Time Stamp Time Zone Name PTID Reserve (5/MWHr) Reserve (5/MWHr) Reserve (5/MWHr) Capacity (5/MWHr) Movement ($/MW)
3/16/2023 0:05 EDT CAPITL 61757 0 0 0 8.17 0.14
3/16/2023 0:05 EDT CENTRL 61754 0 0 0 8.17 0.14
3/16/2023 0:05 EDT DUNWOD 61760 0 0 0 8.17 0.14
3/16/2023 0:05 EDT GENESE 61753 0 0 0 8.17 0.14
3/16/2023 0:05 EDT HUD VL 61758 0 0 0 8.17 0.14
3/16/2023 0:05 EDT LONGIL 61762 0 0 0 8.17 0.14
3/16/2023 0:05 EDT MHK VL 61756 0 0 0 8.17 0.14
3/16/2023 0:05 EDT MILLWD 61759 0 0 0 8.17 0.14
3/16/2023 0:05 EDT N.Y.C. 61761 0 0 0 8.17 0.14
3/16/2023 0:05 EDT NORTH 61755 0 0 0 8.17 0.14
3/16/2023 0:05 EDT WEST 61752 0 0 0 8.17 0.14
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Proposed Posting - RT Requirements

* Formulas for each product will be posted in a document similar to how they
are currently:
https://www.nyiso.com/documents/20142/3694424 /1 ocational-Reserves-
Requirements.pdf

* Results of the evaluation will be posted for the binding RTD interval, reserve
area, and product as illustrated below:

10 Min Spinning Reserve 10 Min Non-Synchronous 30 Min Operating Reserve  NYCA Regulation Capacity

Time Stamp Time Zone Name PTID Reguirement (MW) Reserve Requirement (MW) Requirement (MW) Requirement (MW)
3/16/2023 0:05 EDT NYCA 61757 750 1500 3000 200
3/16/2023 0:05 EDT EAST 61754 600 1200 1650 0
3/16/2023 0:05 EDT SENY 61760 0 0 0 0
3/16/2023 0:05 EDT NYC 61753 0 505 700 0
3/16/2023 0:05 EDT LONGIL 61758 0 208 490 0

& New York ISO
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LBMP Formation with
Forecast Load
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DAM Examples: Introduction

= A key benefit of Dynamic Reservesis the improved
functionality to determine the least-cost generationand
reserves mix to meet load, based on current system
conditions.

 The Dynamic Reserves formulation allows the software to determine
the appropriate trade-offs in a constrained area utilizing
transmission headroom

 To maintain system reliability, the Forecast Load is used to compare
scheduled generation against expected flows and transmission
headroom. This introduces a new factor into the LBMP calculation.

&= New York 1SO
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DAM Examples: Assumptions s o

Bid Load = 150MW

* Theexamples are based on asimple

G2

pipe and bubble model, with three ALl iterace Limit = 100 MW
generators (G2, G3, G4) within a load R Arevesm—— Y A o
pocket and one generator (G1) o
outside
— Internal Load = 150 MW
— All Lines In (ALI) Interface limit= 100
MW
— Post Contingency Emergency Limit= 50
MW G1 100 20 N/A
* Inthis example, we are calculating G2 50 100 3
the reserve requirement for the load G3 50 20 5
pocket. G4 25 22 3

= New York ISO
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Optimal Solution

= Theleast-costsolution resultsin the following reserve requirement forthe load pocket:

Energy Reserve
Schedule |Schedule

G1 100 20 N/A
G2 50 100 3 0 25
G3 50 20 5 50 0
G4 25 22 3 25 0

Headroom = Limit - Flow = Limit - (Forecast Load - Generation in the Load pocket) = 100 - (150 - 75) =25 MW
Reserve requirement (RR) = Max(RR for Loss of Transmission, RR for Loss of Generation) = 25 MW

RR for Loss of Transmission = Flow-Post Contingency Emergency Limit

=(150-75)-50 =25 MW

RRfor Loss of Generation = G3 Energy - Headroom =50 - 25 =25 MW
Production cost = Energy Cost + Reserve cost = $20*75 + $20*50 + $22*25 + $3*25= $3125

= TheMarch 7,2023 ICAPWG/MIWG went into further detail on why this is the most optimal solution.

& New York ISO
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LBMP Calculation

= LBMPis defined as the change in production cost for serving
the next MW of Bid load.

= In this example the optimal solution results in a production cost
of $3,125

= We needto determine what the optimal solution is if BID Load

were to increase from 150MW+to 151MW n the Load Pocket
and what the resulting production cost would be.

= The difference betweenthe 151MW Bid Load production cost
and the 150MW Bid Load production cost is the LBMP.

= New York ISO
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151 MW Optimal Solution

= Theleast-costsolution resultsin the following reserve requirement forthe load pocket:

Energy Reserve
Schedule [Schedule

G1 100 20 N/A

G2 50 100 3 0 25
G3 50 20 5 50 0
G4 25 22 3 25 0

Headroom = Limit - Flow = Limit - (Forecast Load - Generation in the Load pocket) = 100 - (150 - 75) = 25 MW
Reserve requirement (RR) = Max(RR for Loss of Transmission, RR for Loss of Generation) = 25 MW
RR for Loss of Transmission = Flow- Post Contingency Emergency Limit = Forecast Load - LP Generation - Limit
=(150-75)-50=25 MW
RR for Loss of Generation = G3 Energy - Headroom =50 - 25=25 MW
Production cost = Energy Cost + Reserve cost = $20*76 + $20*50 + $22*25 + $3*25= $3145

=  The change in production cost and thus LBMP is: $3,145-$3,125 = $20
= $20 does not cover the marginal cost of G4 which is meeting the load with a 25MW schedule

& New York ISO
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Discussion on LBMP

= Inthisexample, the resources inside the load pocket appear more attractive because they
avoid having to procure reserves. Forexample, G4 energy would appearto cost $19 instead
of its bid $22 because every MW of energy avoids a $3 reserve MW from G2.

= Therelationship between increasing Bid load served and the Reserve Requirement s not
always captured in the LBMP because ForecastLoad and headroom do not necessarily
change.
*  Thus, the existing LBMP definition may not allow -marginal (or near marginal) resources to recover their incremental costs
= Potential factors thataffectthis are if Forecast Load is greater than Bid Load and if the
headroom s constrained.

= NYISO is developing a proposal to accurately accountfor Dynamic Reserve constraints in the
LBMP.

*  This effort could result in the need to revise the definition of LBMP which would require large software development and
testing efforts

= New York ISO
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Next Steps

= Returnto MIWG with LBMP formation proposal
= Returnto MIWG with settlements examples

& New York ISO




Questions?

New York ISO
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Appendix I
Mathematical Formulation
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Securing Reserve Area for the Loss of
Generation

= Thefirst conceptis thatreserves should coverforthe largest source contingencyin a Reserve
Area, less available headroom

* Available headroom would reflect the ability to import reserves into the existing reserve region

*  Currently, largest source contingency in a Reserve Area is determined by the largest single generation
schedule

= |n addition to the largest single-source contingency, NYISO is proposing additional
constraints to be considered when evaluating the largest source contingency:

* Correlated loss of multiple generators: Multiple resources that share a single point of failure
(transmission tower, gas regulator valve)

* Intermittent resource contingencies: Resources in close geographic proximity that may be susceptible to
a common weather pattern, which poses a risk of simultaneous loss or reduction of energy output

= An example of the generic formulationforLoss of Generation (applied to a 30-Minute
Reserve product) is:

30Total 30Total 30Total
ReSRAal- = Multga ~ *{ max {geny, +resj }—RA

ke GenRAa AHeadroom

& New York ISO
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Securing Reserve Area for the Loss of
Transmission

= The second concept is that reserves should account for the loss of

transmission (energy imports) into an existing reserve area

* This evaluation calculates the difference between the post-contingency

interface limits and the current flow, following the loss of the largest line on the
interface

Loss of Transmission is not considered when evaluating NYCA reserve
requirements because external proxies are evaluated as generators

= An example of the generic formulation for Loss of Transmission
(applied to a 30-Minute Reserve product in a locality) is:

BOmantePostConlmportRAa. = leltN—ZEmerRAa, — RAFlowai
i l

=
L — New York ISO
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Tying Loss of Generation and Loss of
Transmission Together

= The equations for the generation and transmission

constraints would be co-optimized along with energy,
reserves, and transmission

= The reserve requirements would be determined by the most

restrictive equation for each reserve productin each
reservearea

 Would be dynamically determined in DAM and RTM

& New York ISO




Equations: Securing a
Reserve Area for the
Loss of Generation
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Calculating Actual Energy Flows in a Reserve

Area
RAaFlowi = (RAaLoadi +RAaLosseSi - RAaGeni)

= RA,isthe applicablereserve area

AFlow
* Note: Forthe NYCA reserve area (Load Zones A-K), RA
evaluated as generators

" RAu,.. iSthe actual energy flow into or out of reserve area afor time step /
1
. RAaFlowiiS positive into reserve area a
. RA i is negative outof reserve area a

arow.Value is equal to 0 MW because external proxies are
L

n RAaLoa @ is the forecasted load in reserve area a for time step / (Day-Ahead or Real-Time, asapplicable)
1
= RAaLosses-iS the calculated losses in reserve area a for time step / (Day-Ahead or Real-Time, as applicable)
l
= RA, o is the sum of all energy schedules on resources inside reserve area afor time step 7
1

& New York ISO
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Calculating the Available Transmission
Headroom in a Reserve Area for Generation

RA = RA — RA

AHeadroom aEmerLimiti ar low;

" RAy.adroomiS the capability to secure reserves external to reserve area a
fortime step /

= RA is the pre-contingency emergency limit for the reserve area a

dEmerLimit;
fortime step /

* Note: Forthe NYCA reserve area (Load Zones A-K), the RAgerimit @Nd RAyormLimit Value is
equal to O MW because external proxies are evaluated as generators

& New York ISO
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Multipliers Determine Product Quality
Ratios

10Spin 1OSpm 10SPin
Resgy,. = Multg, { max {geny,+res; > "}} - RA

keGenga, AHeadroom
10Total 10Total 10Total
Resgga, 2 = Multgy,”* * { reax {geny, + res;, B=RAay niroom
en RAg
ReSROTotal > Mult30Total % { Eg}e%)éA {genk + reS,S;OTotal}} RAaHeadroom
a

1
* Resga aOSpm isthe 10 — minute spinning reserve requirement in reserve area a for time step i
L

* Resp A(11°T°tal is the 10 — minute total reserve requirement in reserve area a for time step i
13

30Total ;

* Resga a; is the 30 — minute total reserve requirement in reserve area a for time step i

& New York ISO
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Securing a Reserve
Area for the Loss of
Transmission
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Contingency Headroom on Interface

1OmmutepostCOnlmportRAai = leltN—lEmerRAai _ RAFIOWai

3OmmutepostCOnlmpm,tRAai = leltN—ZEmerRAai o RAFIOWai

= 1 OmiDUtePOStconImpOrtRAa_ is the applicable post-contingency transfer limit of reserve area afortime step 7
that the flow should be underwithin 10 minutes

= 3 Ommutepostconlmport is the applicable post-contingency transfer limit of reserve area afortime step /
that the flow should be underW|th|n 30 minutes

= Limity_j1gmerg Ay is the emergency transfer limit of reserve area afortime step / with the largest in-service
element taken out of service

=  Limity_ —2Emerga,. is the emergency transfer limit of reserve area afortime step / with the two largest in-
service element taken out of service e = Now York 1ISO
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Contingency Headroom on Interface

= The difference betweenthe applicable transferlimit and

the flow is the available import capability

 When negative, this number represents a deficiency that needs to
be held as reserves within the reserve area due to the lack of
transmission headroom to import reserves.

= All limits will be calculated via an offline study by NYISO
Operations

& New York ISO
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Securing the RA for Loss of Transmission

10Spin . 10Spin .
Res, Aqg, = —Multg " * (10minutep, StConmportpy, )
l

10Total ;
Resy Ag, > — (10manteP05tC0nlmportRAa )
i

Res30Total > _ r30minute
RAal. ( POStCO”ImportRAai)

The multiplier is only used for Spin as it represents a quality flag (percentage) of the
10T requirementwhich should be held as spinning. Any numberfrom 0 to 1 is valid.

& New York ISO
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Tying the Loss of
Generation and Loss
of Transmission
Together
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Securing for one source contingency
and N-1 transmission contingency

= Respg %" > { max {geny, +resy’
l

Total Limi
— (Limity_ — RA
kEGenRAa }} ( N 1EmerRAai FlOWai)

& New York ISO
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Simultaneous Constraints 30-Minute
Total Reserves

= Secure multiple of largest generator to emergency transfer capability:

30Total - 30Total . 30Total
ResRAai = Multgy, {ke&aﬁA {gen;, + res; B=RAu,..0r0om
RAaHeadroom = RAaEmerLimiti B RAaFlowi

= Securetransmission for N-2 to emergency transfer capability:

30Total i
ReSRAai = —(Limity _2pmerg,, — RAriow,,)
L

= Secure for loss oftwo elements within 30 minutes:

R€S3OT°tal > { max {geny, +resgdTot Limit — RA
RA, {kEGenRA {g k; }} ( N— 1EmerRA Flowai)

The morerestrictive of the equations will determine the applicable requirement for the reserve area.
& New York ISO
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Simultaneous Constraints 30-Minute
Total Reserves

Secure multiple of largest generator to emergency transfer capability:

30Total 30Total 30Total
ResRAal_ = Multgy °* * { Eg(laax {geny, + resk B—RAg,.oroom T ORDC + RAgcarcity,

RA =RA

AHeadroom AEmerLimit; AFlow;

Secure transmission for N-2 to emergency transfer capability:
Res}%ngtal = _(LimitN—ZEmerRAa_ - RAFlowai) + ORDC + RAscarcityi
Secure for loss of two elements within 30 minutes:
Res3°T°t‘” > {kergle%xA {genk + res3°T°t‘”}} (Limity_ 1Emerga, — RAgiow,,) + ORDC + RAscarcity,
Scarcity Minimum Reserve Constraint Penalty Cost
Res,%%i‘i’tal > RAscarcity, +$500_Penalty_Cost Curve

The more restrictive of the equations will determine the applicable requirement for the reserve area.
& New York ISO
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