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What Part of a Resource’s Offer is Used in LMP?
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/

T4 R YF - LMPRTE

BHILEREE HEMRS
; o 7
° ans';irsgion Ope’valors,:APAN of

0OCCTO0

HAT) PIM, “LMP Calculation and Uplift” (2018 1H29H) %EEICVERR

https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-Imp-calculation-and-uplift.ashx



https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-lmp-calculation-and-uplift.ashx

kWh-AKWEEERE{LOSwS (Co-opt) OEAMRLREZA (BRI 6

B ERNBEZSE [IRF-IAMMIHEFEEME (FEOMSH DT eZEE) I[N ERERIO
&a&t. DFD. kWh-AKWHHEIZA MFAEDRIRA M, &/IMET B0 7LD TS,

B 285, UTICHESELEERIAMEINTHEST . [BORREDHDCo-opt I THHN, EEEFZEHR
BEZUCNIZBIET, [ 3-Part/Edz AL zCo-opt IEEIEETHD. (FFHll(FRIR)

[(REETE CE/IMEI 28] | £(CIRILF-—TIXN, IFHIEEME. AR HERIAMDEST
MINIMIZE {Resource Energy Cost&Z :
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+ Regulation Reserve Costs XERIEIC, BxHitg
. RegResource ) 5 SRR
+ Synchronized Reserve Costs S Reg MW@ « RegOffer() Reguation (Reg) T@?ﬁ;ﬁ;@j
+ Non-Synchronized Reserve Costs Synch Reserve (SR) |

2, SR_MW (i) = SRof ferCurve(i) 10558 - LHnER

+ Secondary Reserve Costs Non-Synch Reserve (NSR) | BEF0OHEES
NSR MW (i) * NSRofferCurve(i)  104358h- IERHESR (Reserve)
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A. Power Balance Constraint : ©FB#8IN5YA (KkWhFEHLINFTVR)
B. Transmission Constraints : @XES2HIH
C. Resource Capacity Constraints : UY—ARTOEEHIF 7
1. Resource’s Economic Maximum Constraint Limit

: KWhEAKW (EF) O&EHEIEEEUPERSHIK

2. Resource’s Economic Minimum Constraint Limit BUY—REEHIC
: KWhEAKW (FIF) O&FINRIEHRD EERBRSHIF I L

(B2 -HHZELS)
3. Resource’s Reserve Capability Constraints

: AKWHIZEEEDN RampRate ((HHZE(LE) 2HNHZEEUVEERINERSHIK
D. Resource’s Ramp Rate Constraints : UY—Z2DHHZE{LEHIF

E. Reserve Requirement Constraints : @RAEEHHER (AKWHBHRNTVR) &5
(GFl (2 IRR—-3)
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1. Synchronized Reserve Requirement Constraints

For RTO reserve requirement:

TUP 240K

Z SR_MW (i) = RTO_SR_Reserve_Requirement ;for Vi € nno.of resources;

sublzzonewﬁuﬁ‘lit

For each sub-zone z:

Z SR_MW (i) = Subzone_SR_Reserve_Requirement ;forV i € nno.of resources,n

i=1

|
I n
|
|

i SlD 20 V7

2. Primary Reserve Requirement Constraints N
i ar X sub-zoneMEIFI LI EIE
For RTO Primary Reserve Requirement:

n

Z SR_MW (i) + NSR_MW (i) = RTO_NSR_Reserve_Requirement ;for Vi

i=1
£ nno. Of resources,;

3. 30-minute Reserve Requirement Constraints s sub-zoneDEI#I T (=) =

The RTO 30-minute Reserve Requirement is calculated as:

n
Z SR_MW (i) + NSR_MW (i) + SecR_MW (i) = RTO_SecR_Reserve_Requirement ;for Vi

i=1

€ nno. Of resources,

HFr) PIM, “Energy and Ancillary Service Co-Optimization Formulation” (20224F681H) %b&&(CER
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O |Regulation (Reg)|: L¥1L—yav @i (TREISOREAZE)
O Reserve : Fhmm (BRIIFOEIRMKE)

Reserve Services and the Reserve Products that can satisfy the requirements:
RS — 30-Minute
requirement and has an ORDC. Reserves 10~3053iEh
Primary Secondary
Reserves Reserves (SecR)
1’;_‘1%25;’;;;” (Response in 1-10 min) 1~ 1053 fitED (Response in 10-30 min from
R \[ . ] JERIER on and offline resources)
Synch Non-Synch Reserve Products
Reserves [SR) Reserves {NSR} Each product has a market
and a clearing price
gﬁmg?ﬁg#ﬁﬂ[ﬁ HAT) PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022€1081H) #%b&(C/ER

Transmission Operators JAPAN https://www.pjm.com/~/media/documents/manuals/m11.ashx

0OCCTO0


https://www.pjm.com/~/media/documents/manuals/m11.ashx

(%) APIMIZEIT D% 1D sub—zonelZ- DU NT

11

B PIMOFEZEHHERE. HELSUTERAT3DNDsub-zonel EICHERINS.

* More Flexible Reserve Sub-Zone Modeling

the location of the sub-zone on a day-ahead basis, as needed
+ Allow changes intraday on an exception basis

— Define several reserve sub-zones, of which only one will be used at atime

(8

Reserve
Constraint
XYZ

- Keep existing RTO reserve zone with closed loop sub-zone structure, but allow flexibility to change

OR ; s
Mid-Atlantic é&\,\;u’f
Dominion el KENTHS
(MAD) Ty
Sub-Zone b

Most-Limiting
Reactive Transfer
Interface
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Price) &I AkWAiAE (Reserve Clearing Price) (&, Co-optDf&EENS. FTifa (kWh) NS XHFIE.
SHENDEEFR (AKWFERBNTOR) SIS T RS ROTSAXICEDE Tféﬂ'CL\éo

B EMZRBRUEKWHhERE (LMP) (&, [ XFAIFRILF-REINS, BBFROARIE (Loss Price) LiXEEM
#l<& (Congestion Price) ZIELTEHENSN. sFMICDOWVWTIIERT B,

[{iiFZDRTE ) [IVv. LMP and Reserve Clearing Price Calculations

Each Pnode LMP is calculated as:

LMP(Q) =|Energy P?‘icel» Loss Price(i) + Congestion Price(i) For forVi €no.of pnodes

XPRFOAR B X BEMR B OFHH &R

where,
Energy Price = Shadow Price of Power Balance Constraint

Loss Price (i) = LS(i) = Energy Price
Congestion Price(i) =
»i—1Shadow Price(k) » DFax(i, k) For ¥V k € active transmission constraints

A. Reserve Clearing Price XA DERFTINERIETR

e Secondary Reserve Clearing Price = SP30 miﬂﬁbﬂ@t(“ﬂﬁméntb\ék&)‘ " _
Non-Synchronized Reserve Clearing Price = SPPR + SP30 ZTOFMMWISAIEER ., 2 TOIGEIEENICEETS
Synchronized Reserve Clearing Price = SPSR + SPPR + SP30 1) fﬁ’g%ﬁ:(:jﬂ},‘ﬁg‘ét/\v ROTSSAZADEETERD

Where,
SP30 = Shadow Price of 30-minute Reserve Requirement

SPPR = Shadow Price of Primary Reserve Requirement

SPSR = Shadow Price of Synchronized Reserve Requirement
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BB T3, REDEF7YIUIE (Uplift) ELTHIEENTLS,
(=3-Parti&#Ez AV EMEEETHOTE, HiZNTRHMEURTET, PYyIUIbL (Uplift) HMBE)

BiRA (ECENE)
F/kWh

EE
(72L)
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B SEROED, SEMERBRUAME (LMP) (E. Co-optiERDI AT AIXRILF—RE Ih5, [[RFEOARIE
(Loss Price) 1RSUNCIHXERMEIE (Congestion Price) JZfIELIE LT, BEHEINTWLS,

IV. LMP and Reserve Clearing Price Calculations
Each Pnode LMP is calculated as:

LMP(i) = Energy Price — Loss Price(i) + Congestion Price(i) For for Vi € no.of pnodes

where,
Energy Price = Shadow Price of Power Balance Constraint
Loss Price (i) = LS(i) = Energy Price

Congestion Price(i) =

Yi_1Shadow Price(k) » DFax(i, k) For V k € active transmission constraints

Example # 2 — Summa

Offer Price Penalty Adjusted System Loss Price Congestion Total LMP
Factor Offer Energy Price Price

1
= AP, sem |1 (Shadow Price * DFAX)
i 1-25& l plnk
AP,

[LMPEEH]

_ $10.00 1.0553 $10.5530 $30.00 -51.57 -$18.43 $10.00
$14.00 1.0449 $14.6286 $30.00 -$1.29 -511.95 $16.76
$15.00 1.0449 $15.6735 $30.00 -51.29 -511.95 $16.76
$30.00 1.0000 $30.0000 $30.00 S0.00 $0.00 $30.00
$40.00 1.0161 $40.6440 $30.00 -50.47 $9.82 $39.35

_____ e ‘.‘*‘.‘—‘.‘ 2t -9
Reference Bus o - : -
n
- v Unit Running Loss and Congestion Components of LMP
Unit Not Running are “0" at the Reference Bus
PIM©@2017 35 7f13‘2017

HFf) PIM, “Energy and Ancillary Service Co-Optimization Formulation” (2022468 1H) %b&(C/FR
https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx

‘gﬁﬂ:ﬁﬂ@ﬁﬁ?ﬁiﬁﬂfﬂ HFRF) PIM, “Locational Marginal Pricing Components” (2017€78138) %&&&(CVER

ization for Ci gi A . L. ) N . . . . . . L.
Transmission Operators, JAPAN https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/locational-marginal-pricing-components.ashx
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PRFOARE(CDONT 23

B [[RROABIE G XEOXBECEIZERTHD. AT LAIXRILF—HIE I Penalty Factor*HMs&EH
SNZFIEERE (REEKZK(CHEY) 128U TETEINS,
B ERAC, [FBEROANE CELDRBEENAREZME R, IRNEEEERA (BIRA]D) (FE XBOAREDIFRNER
DI REBBEBDIRANRBEESN 3L HAERO TS,
X HEItROMIEEZR 1BEAIRS U (FEQRS. FE=Z1EUEDULR) BRIC SATLAIRINF-RE%
RETDim (FEeisSolitude) N5, XEBIEREEEL UHEH NI 3ME=

Example # 2 — Summa

Offer Price Adjusted System Loss Price Congestion Total LMP
Offer Energy Price Price

% m S

RAOZHEE |
S SIMBAR _ $10.00 1.0553 | $10.5530  $30.00 -$1.57 -$18.43 $10.00
(SHE ) I
- 514.00 :1.0449 $14.6286 530.00 -$1.29 -§11.95 516.76
$15.00 l 1.0449 l $15.6735 530.00 -$1.29 -$11.95 S16.76
S5 I e —_— —_—
ERET B | I I

I $40.6440 $30.00 -50.47 59.82 $39.35

BEE?EIZM%(:/ s4000 1 10161

LB AR 1 ! f
(REEVME) | Bl Marginal Unie | J_ — o

-.ﬁ.e.’.tefﬁ']'}? Bus | v~ Unit Running - .- Loss and Congestion Components of LMP
are “0" at the Reference Bus
X| Unit Not Runnin
PIM@2017 8 35 7/13/2017
‘%ﬁmﬁmﬁg‘#ﬁﬂtﬁ HFRF) PIM, “Locational Marginal Pricing Components” (2017€78138) %&&&(CVER

occTo Transmission Operalors,JAPAN https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/locational-marginal-pricing-components.ashx
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ERMHRIECOVTO 24

B XERMHNE CRMAPHICEIZER) 12KRDB(CHID., FIFMEEBESEHIKICTIETEZIrRITIAA]
78’“’**6“50
B CNE B CEM) BEFrOZERTEENMNCIEANBIULERC, BREE (TR TEREEAOIEFE
JRR) ORAETHD. BHAAE GERMAINS1EMAARURT) OMfEcFle RIML TS,
Calculate Shadow Price and Congestion Price
Production Cost calculated using a DC Power Flow Solution
Production Cost with 230 MW across Production Cost with 231 MW across Brighton
Brighton - Sundance line - Sundance line
Unit MW Price  Noload Production Cost Unit Mw Price  Noload Production Cost
Brighton 435 10 5399.80 $5,249.80 Brighton 488 10 $399.80 55,279.80
Alta 110 14 $100.00 §1,640.00 Alta 110 14 $100.00 §1,640.00
Park City 100 15 $100.00 $1,600.00 Park City 100 15 $100.00 $1,600.00
Solitude 205 30 $100.00 $6,250.00 Solitude 202 30 $100.00 $6,160.00
Sundance 0 40 5100.00 50.00 Sundance 0 40 $100.00 50.00
900 $14,739.80 900 514,679.80
Shadow Price = $14,679.80 -514,739.80 = -$60.00
Bus Monitored Line DFAX Shado \-1\tion Price
Brighton Brighton - Sundance 022 ? A2
Alta Brighton - Sundance N
Park City Brighton - Sundance E DL EE‘%?G)LFH ';.Q == \2 3 O M Wb\b
Solitude | Brighton - Sundance A\
Sundance Brighton - Sundance 23 1 M W(Limhua_gt \ %\‘ i'ﬁid) ] (TWAY
M®©2017 % :IZ I\D\GO IQ} l/'f-EE }:ka_é
B/ LGB = tHPf) PIM, “Locational Marginal Pricing Components” (201747813H) Z&&E(C/ER
occTo Farsmsaon Oparatrs APAN https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/locational-marginal-pricing-components.ashx



https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/locational-marginal-pricing-components.ashx

IXERMBIECOVTO 25

B [XERMAET EEBFEHCHET IV R-TSAXIEIDFAX (D7FRE) 1Z2RUTEEIND,
B N BEHR (CEENSREBF) ([CHBWT1EMMENSEIERD, BMAHMEZRL TS,
(ZORDEMABIRTHMBMERL (X1FR)  IEEMAIBRTIMEREN (T3R) £133)

Calculate Shadow Price and Congestion Price

% DFAX:Distribution Factor (93{%%%) Power Flow Solution
=N s I =Nautey ARSL SRS =1L CIRZ):Ii Nl ction Cost with 231 MW across Brighton
D\I)Ibnc_i) 73‘7@':/1‘\3'1_5 MW i Su::c:nceh:::.:ad Production Cost
(ex.EFRICEENBBrightonFEEFTZI 1MW | 458 __L_10__L$3980 __35272.80
BN tE3L. EDiXERREN0.307167MW D IXEBRMNIE (Transmission

DRI MENINTS) Congestion Price)

Shadow Price = $14,679°8

Bus Monitored Line DFAX Shadow Price Congestion Price

Brighton Brighton-Sundance 0.307167  -5$60.00 -518.43

Alta Brighton - Sundance  0.199167  -$60.00 -$11.95 :lL SEMHAIERE (iERES)

Park City Brighton-Sundance 0.199167  -$60.00 -511.95

- Brighton - Sundance 0  -%60.00 $0.00

Sundance Brighton - Sundance -0.16367  -$60.00 $9.82 FIERMAIRRE (MEEENn)

M@©2017 34 7/13/2017

!ﬁmﬁmﬁgg#ﬁ“ﬁa HFRF) PIM, “Locational Marginal Pricing Components” (2017€78138) %&&&(CVER

occTo Tansmission partors JAPAN https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/locational-marginal-pricing-components.ashx
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R RS (LMP) BEFED 26

B Co-optiERDI AT LAIRINF—RIE NS, XEBORMEICEIZERTHIIEFROARE (Loss Price) |
ECRMASHMEZ RINREREMAIE (Congestion Price) |&#HIELT. SEMZRARUAMIE (LMP) (&
BHans.

B 25, TROLSC LMPEEZIVVEAICITX(E., BRI (CTHIZDILIEZI TS S LR UERZS 5.

2TU7DIZEDLMPOETER (FIEOH, BRAOAREZZEL TR

SATA RERMNS LMP
IXRIF—HE

B—A
EREE150

P
<

A SRR
BEE200

B JEMERIR
=2=100

TU7A 8M/kWh OM/kwh  8F/kWh
T1)7B 8M/kWh -2M/kWh  6M/kWh
Co-optftER (XEF=FHIHEERBULHTEIER) RFEREFDCo-optiaR (XEFEHHIEZ R UL EERE)
F3/kWh WIEMME%E F3/kWh
" REIZER B—AD " TR
GRFLIRLE-RE) ERESE Pl
| 151(Z8Eh0 " B =10 o5
115}]” @Q}:E/J\E
> /). 05— = =Y
(CXERMRIE)
-2M/kWh =
-8F3/kWh+6F/kWh
kWh kWh
4M 5M 6M 7M 8M ] 4™ s/ 6@ 7@ 8M
B B B B A B B B B A

IR E R R
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m HiGDUIRIOIV7 JS5( AL TY7EMTEEULMPEE(E, FERIICAUERERD,

B—A
EREE150

P
<

A IEEMERER
F&E=200

B JEHMERH
HFE=E100

kWh

TU7ADF EAIE TU7BO#IEAIE
F/kWh  BhsORhEE150 FH/kWh ANDRLEE 150
4 T A TIU7VE
. TUPEE 200 i /
TIU7T5AR = i 1U7B | ey
i ) i
8F3/kwh ] TUTTFAA d = el =
! 6M/kWh i
i KWh ‘i
8H ' 49 'sm 68 7M
A B B B B
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B 27>1-9U2770tXE, siEH™E. RAC (Reliability Assessment and Commitment) . U751 L
MiZCXZENd.,

L HIJEFEiﬁ(L_BL\_Cl*L g’&ﬁt@'&akl’]zl U/’]E-Sﬂ RAC(L_B(/\_CPJM%/E\U g%/ﬁtjckj( 7JI]0)
DY -ZANRTT1-U>FEn3, (M&EEESCUCICHEE)

B U791 LATGICEVWTIE, BTENRXERINSE LI T LOCRT 1= SN EEE;IN TV U7
A4 ©AThiZIEER1F-BI ThHD. KROEIRDIEICEIE b\F'Eﬁ(: NRVWEABTEIN B8, FERLREEAL
RACO#ER%#5| SRS . SCEDOHEMEINDIENEE ZBN D,

In the Daz-ahead Energz Market:
o Scheduling sufficient generation to cover aggregate Demand bids and Day-ahead
The PJM scheduling objective varies depending on the scheduling time horizon (Day-ahead, §cHeEu||'ng Reserve léperau'ng Reseme} requl'rements calculated as a function of

Reliability Assessment and Commitment (RAC) Run, Real-time Operations). The PJM such Demand bids.
scheduling process in the Dax-ahead Energz Market is to schedule generation to meet the *  Inthe Reliability Assessment and Commitment (RAC) Run (subsequent to the Day-

aggregate Demand bids that result in the least-priced generation mix, while maintaining the ahead Energy Market):

reliability of the PJM RTO. During the RAC Run, PJM schedules additional resources as o Scheduling sufficient generation to cover the PJM Load Forecast and Operating
needed to satisfy the PJM Load Forecast and the Operating Reserve objective based on Reserve requirements.

minimizing the scheduling cost. PJM also schedules resources based on economics to control
potential transmission limitations that are binding in the Transmission Reliability analysis that is . . ) ) o
performed in parallel with and subsequent to the Day-ahead Market analysis. The scheduling 0 W’W that are
process evaluates the price of each available resource compared with every other available inding in the Transmission Reflabllty analysis.

generating resource. The process for scheduling the PJM RTO requires: o Scheduling sufficient generation to satisfy the PJM Regulation Requirement, PJM
Primary Reserve Requirement, and other ancillary service requirements of the PJM

RTO.

o Ensuring PJM Members participate in the analysis and elimination of conditions that
threaten the reliable operation of the PJM RTO.

In Real-time Operations:

Eﬁxﬁﬁﬂd;ﬁgﬁsﬁﬂﬁﬂ HAT) PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022€1081H) #%b&(C/ER

for C
SeeTo Haremscion Opsetos JAPAN https://www.pjm.com/~/media/documents/manuals/m11.ashx
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m RSC (Resource Scheduling &Comm|tment) 'C(at TIZENBEDOALIBEREEEEREECEDE,
SEERMGTEMEZAEE (3-Part®Co-opt) . REMAERAZ AT IS, (SCUCICHHEH)

B SPD (Scheduling, Pricing & Dispatch) Tld. RSC(LJ:D/;‘E;EE-STLR% HRESAZ A 1B ARIEDH
MDCo-opt (RATARICAEICOVWTOEBER) ZiT\V\ 1FRICEOFEEHI LA, LMP. FaiEm
(Reserve) OHiZMEZETET D, (LMPEE(CHEY)

Markets T—

- —

Gateway + Resource Scheduling & Commitment (RSC) — RSC performs security-constrained
: resource commiment kasea on generation ofters, bemand Resource oﬁers, Demand

: b.'as, Dax-aﬁeaa Schedu |'ng Reserve Oners, Increment Oners, becrement bids and

I —

transaction schedules submitted by participants and based on PJM RTO reliability

requirements. RSC enforces physical resource specific constraints that are specified
in the generation offer data and generic transmission constraints that are entered by the

G Market Operator. RSC provides an optimized economic resource commitment schedule
I for the next forty-eight (48) hours and it utilizes a mixed integer linear programming
solver to create an initial resource dispatch for the next peranng ay.

. Schedullng, Priclng & Disgatch !SPDZ - SPD %erforms securig-constrained economic
ispatch using the commitment profile produce 3 calculates hour
cheduling Reserve Glearing

"W Markets
= Database

Resource Chedu"ng, PnClng & Simultaneous resource enerat'on evels S an ay- ea
scheduing & ™ Dispatch (SPD). | _Feasibil Brices for all load and generation buses for each hour of the next Operating Da
Commitment Test (SFT) SPD utilizes a linear programming solver to develop the economic dispatch solution

(RSC)

i E .

Settlements Database

while respecting generic transmission constraints that affect dispatch, such as reactive
interface limits, and thermal limits.

Exhibit 3: Settlement Subsystems

HFr) PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022%10H1H) #%bEIVER
https://www.pjm.com/~/media/documents/manuals/m11.ashx
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B KPIMOSCED(&. B3 AREDHDKWh - AkKWREEE{LZIEL THD. BARICHIFTBEDC (Economic
load Dispatching Control) ®&5% . kWhDHEE{LUEREEBH D HIFHITERVCETTEFRNIDETHD.

B ARERTE KPIMOSCEDZ BB IR EDHDCo-opt]* . HADEDCODL 57 EEZ I SCED |£EEEk T D,

Il. Security Constraint Economic Dispatch (SCED) Objective XIFIGI DT, SCUCET 3-PartdCo-opt JLEE# IS
Function

SCED is a mathematical model that generates the most economic resource dispatch during Real-time operations

while considering key system operating constraints, such as power balance, reserve requirements, transmission
congestion, as well as resource parameters, such as ramp rates, minimum and maximum output capability. The

OVeldall QU|E e [LUNCUOMN O L8 U algorithm O [HInmlse e 10 S DO DSl OVEel (e (l

inferval(s) E@JE SAREEIZNERL - ¥ What Part of a Resource’s Offer is Used in LMP?
IMII\.IIMIZE {Resource Energy Costs IRIF-OXb Three Part | Startup @ No Load @ Energy @
- Price Responsive Demand Value — S=ZEi{14){f{& Offer | Offer Offer Offer Curve
+ Import Transaction Cost S ¢ /
_ fISOL DITZ .

- Export Transaction Value (BAT(ZEERELL) g /

+ Regulation Reserve Costs 7

+ Synchronized Reserve Costs sI‘St/a" $‘l;"" syv

L SR ER pobd
+ Non-Synchronized Reserve Costs H% 71 (Reserve)HEfREIF pecisions
Dispatch and LMP / I

+ Secondary Reserve Costs

— '§E|"A “—\ Y- -1 .\*'351 | "\ Y- -1
+ Various Applicable Violation Penalties*) ggg/j\;—ﬁfﬁﬁjé TR

“NOTE: MCIUGes NansISsIon Consuanmt vioraton penanes, energy sarpius anc gencit penalties, regulation and

reserves violation penalties, etc.

The objective function cost terms are described below. For purposes of the followina equations, the parameters are

defined as: HFf) PIM, “LMP Calculation and Uplift” (201851829H) Z%&&E(CVERK
https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-Imp-calculation-and-uplift.ashx

HFr) PIM, “Energy and Ancillary Service Co-Optimization Formulation” (20224F681H) %b&&(CER
https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx



https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-lmp-calculation-and-uplift.ashx
https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx
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B SPDOFER D EEZSNBDU T OEFICLSE. —Edispatch runtUTIEBDRRIEDHDCo-optaiTolci.
fElF Cpricing runéELTHEDRBEDHDCo-opth'EiTeN 3. (5.2.7.1558417)

m iU, prlcmg runlcHW T3, fast-startDicEFNE - EERTIA M AALMAZ(CANZENTHD., JBESEEETE
RIREDEEZEF] (0or1T(ERL, O~v1DBEZEDCEZEFS) ZUTERIEILEN TS, (5.2.7.103~647. 5.2.7.24%347)

B FJZ. pricing runT(3. dispatch run®fER. E£&ILTWBNY—-ADALIBERZAVSN TS, (5.2.7.2833)

5.2.7.1 Day-ahead Integer Relaxation

As described in Section 2.1 of this Manual, Day-ahead economic dispatch is performed in the
Day-ahead security constrained economic dispatch software program, known asjthe dispatch
Dav-ahead prices are calculated in a subseaquent execution of the Dav-ahead securi
constrained economic dispatch optimization software program, known as the pricing run. The
pricina run executes the same optimization as the dispatch run but additionallv aoplies Inteaer
Relaxation to Eligible Fast-Start Resources. Integer Relaxation is the process by which the
commitment status variable for an Eligible Fast-Start Resource is allowed to vary between zero
and one, inclusive of zero and one.

5.2.7.2 Energy Offers used in Day-ahead Price Calculation

Day-ahead prices shall be determined for every hour, using the applicable marginal energy
offer of the resources being dispatched using the offer schedule on which the resource is
committed in the dispatch run. PJM will determine a resource’s applicable marginal energy

offer by comparing the megawatt output of the resource from the pricing run with the Market
Seller’'s Incremental Energy Offer curve or, for Eligible Fast-Start Resources, the Market Seller's
Composite Energy Offer. For Eliaible Fast-Start Resources, the amortized Start-Up Costs and
amortized No-Load Costs, expressed in dollars per megawatt-hour, are added to the resource’s
Incremental Energy Offer to determine a Composite Energy Offer, as described below:

HAT) PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022€1081H) #%b&(C/ER
https://www.pjm.com/~/media/documents/manuals/m11.ashx
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B KPIM(CBW\Tfast-start(d, [ 1EEILIAICISENB]EE . [ SRAREERRFRIN 1BRFRIIA L. [A> 54> TlEdRH |
DEMZmBIITEDEERIN. BEN4ZmIcTEIBEINBZ)Y-REL, BRIEM -T4—T)I - KD -BEMREN
EFBNTHD. BEFETREISIENEZE(CHEEDZILFSEUT()Y-ATH D,

B fast-startld. —AREY(C. FBEFEUNMESIE T, HASEHETEHIEV D, B/ NE D FEREEARE A TT (A \WF
SNBTENZEL MEMIZZRTE I DEBIRICRDILL, MigEESNERDRBEN AERD. COf&H. pricing
runT(d. fast-startOAHCEHEZFLEEDOA . HHDHIFKIZFOEFINREIN TS,

* Once a unit is deemed Fast Start capable, they must also meet

the following requirements in order to qualify for Fast-Start Fast-startDBEAEA A—
Bricing’ N o
Notification Time + Startup Time <= 1 hour Tl?%?ﬁﬁli]%&)ﬁ H(ﬁfﬁgfﬁiﬁ%ﬁ)ﬁ
.. . <= S i=] I8
- Minmum Run Time <= 1 four —SERIITRBOIE =R CE LA

Online and running for PJM

P

»
» N

<«

— All Economic Load Response

HP) PIM, “Fast Start Education” (20205108 19H) ZHE(C/ERL
https://sdc.pjm.com/-/media/committees-groups/committees/mic/2020/20201019-fast-start/20201019-item-02-fast-start-education.ashx

* Resources deemed FS - Resource deemed not FS
%a able bt Sefault capable by default*:
B enlsra lon Type- — Combined Cycle
» Fuel Cells
. AlCTs — Steam
+ Diesels — Nuclear
« Hydro >
. ggf;fry *Resources may request to be ’ ’
- Landfill considered FS Capable ISENFALA 165ME%
- Wind


https://sdc.pjm.com/-/media/committees-groups/committees/mic/2020/20201019-fast-start/20201019-item-02-fast-start-education.ashx
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B PIMYZ17)lOiegEkz6e(c. BIHMZBOSCUC- LMPEEDIO— 2L, LT DLICRD,

RSC “Resource Scheduling SPD “Scheduling, Pricing & Dispatch”
& Commitment” (SCUC) dispatch run
| |
3-Part® FEEEPLREER ] eassisps I
Co-opt < > iE%%ﬁfi?b [
(AMLFE) : :

1B RRBOHD LMP
> Co-opt

r I
: I
: (fast-start(IicEhE I
| :
: I

v

FIAH TERERTEAN)
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U7 IAA A5 TlE, ZERPEDOUIE (ASO 1T SCED) THREHO—IEPPLDREENEZATEL. HilF TRT
SCEDICEDEARIRT 1 A)\wF 21T\, €D#&(CLPC (Locational Pricing Calculator) (CHWT. LMP:
7>V —-EAMENETEIND.
B 8. LMPETE (LPC) Tl&. RT SCEDDfERZZDERFEIDTI(IRL, BliE. G LUIENEITEIN TS,

Intermediate-Term Security Constrained
Economic Dispatch (IT SCED)

Ancillary Services Optimizer (ASO)

resources (solved 60 minutes prior to target time, looks ahead Demand Trajectory, generator loading strategy Demand |
60 minutes beyond target time) Besponse commitment for energy, CT commitment and
inflexible synchronized reserve recommendations
ASO . A (solved 30 minutes prior to target time, looks ahead
N A 15, 30, 75 and 120 minutes beyond target time)
ata

e H B EE

""" Real Tlme Security Constramed Economic Dispatch (RT SCED)
RT SCED of non- synchronized reserve and flexible
synchronized reserve resources (solved ~10 minutes prior to target time, looks
ahead 8-10 minutes towards or to target time)

-LPCI

A A A A Locational Pricing Calculator (LPC)
‘ | Mi farget  5-minute energy and ancillar¥ service prices
| fime ased on latest approve case

~ | The LPC is an incremental linear optimization program that is formulated to jointly optimize
and price both Energy and Reserves. The objective is to minimize the cost function including
the cost of Energy and Reserves subject to the power balance constraint, the Synchronized,
Primary, and 30-minute Reserve Requirements, specific generator and Demand Resource
operating limitations, except in cases in which Integer Relaxation is applied, transaction MW
limits, and any transmission constraints that currently exist on the system and a normalized

distribution of system losses to a network location.
HFr) PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022%10H1H) #%bEIVER
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B ASO (Ancillary Service Optimizer) (. JESEEGTEMEEZAEE (3-PartCo-opt) . —EPDFHEES
(RegulationB LU EEEDIRReserve) HRIESND,

B ROYIETHAIT SCED (Intermediate Term SCED) (CHVTEH. ESRIGTEEIEZAAS (3-Part®
Co-opt) FRBEDRODREFNEINTULS,

2.5.1 Ancillary Service Optimizer (ASO)
The Ancillary Services Optimizer (ASO) performs the joint optimization function of Ener

Reserves and Regulation in the dispatch run. The main functions of ASO are the clearing and
Somriment of 2l Reguation esources and inMexTble Resere resources Tor s one hour fimé
;mmmn operating hour and
is normally solved and approved up to thirty (30) minutes prior to the operating hour. Upon case
approval, the assignments are posted in the Markets Gateway system. In the event the ASO
case is not approved, previous assignments are effective into the next hour. The ASO engine
uses the hourly offers for Energy, Reserves and Regulation that are effective at the target time

for each case solution and also performs the Regulation Three Pivotal Supplier Test. ASO does
not calculate market clearing prices.

2.5.2 Intermediate Term Security Constrained Economic Dispatch (IT SCED)

The Intermediate Term Security Constrained Economic Dispatch (IT SCED) application is
used by PJM to perform various functions over a 1-2 hour look-ahead period. Historical and
current system information including forecasted energy transactions are used to anticipate
generator performance to various requests, and to provide accurate information regarding
generator operating parameters under multiple scenarios. The IT SCED solves a multi-interval,
time-coupled solution to perform the following functions:

; N The Ancillary Services Optimizer is software that solves a mixed-integer program to optimize PJM’s hour-
* Resource commitment recommendations for Energy and Reserves. aheaﬁ_ﬂ_aIL_TE'Lr—'ﬂ_-ﬂ_w_anm ary services. LNIS application JoImtly optimizes energy and Ieserves.

« Resource commitment decisions for economic Demand Resources. . The Intermediate Term Securit . Constra.lmcd Econpmlc DIS .atch is a mixed-integer program that provides a
time-coupled 2-hour forecast and unit commitment. This application uses forecast data and generator offer param-

« Execution of the Three Pivotal Supplier Test for Energy. eters to create a dispatch trajectory and unit commitment plans for the next 2 hours. The generator dispatch points
calculated by this application are not used for system control. The main purpose of this application is to provide
intraday unit commitment information to the system operator.

* Non-Synchronized Reserves Opportunity Cost.

HFf) National Academies of Sciences, Engineering, and Medicine, “Analytic Research Foundations for the Next-Generation Electric Grid” (2016€F) #%HE(CVER
https://nap.nationalacademies.org/catalog/21919/analytic-research-foundations-for-the-next-generation-electric-grid
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SCED (HATES

B RT SCED (Real-Time SCED) Tld. PIMOFRETBRICESILICVY—-R%T 1R \WFFRAIRHRENTEHD,
ECAMEDC) DUENRENTLDEDEZEZSND,
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2.5.3 Real-time Security Constrained Economic Dispatch (RT SCED)

The Real-time Security Constrained Economic Dispatch (RT SCED) application is responsible
for dispatching resources every five (5) minutes for a future target time to co-optimize Energy
and Reserves at the target time based on forecasted system conditions. RTSCED performs a
dispatch run solution. RTSCED does not perform a pricing run solution.

2.5.3.1 Real-tlme Security Constrained Economic Dispatch Optimization

algorithm utilizing Linear Programming (LP) to meet the PJM objective of minimizing production
costs while:

is to develop an optimized dispatch using a common computer

Diseatching sufficient resources to meet the PJM Load Forecast

Honoring physical transmission constraints on the PJM power system
Honoring inflexible ancillary service assignments

Committing sufficient flexible reserves to meet the PJM Real-time requirements

HAT) PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022€1081H) #%b&(C/ER
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B U751 LATBOLPCOPRTH. dispatch runépricing runlCB9 35t (FIRMIBEEEL) H'H3.

m —E. dispatch runkUTSCED%4To244. HilF Tpricing runéUTIBDRRIE DHDCo-opth'EITEN D,
(E.u,\‘l"f—.l')

m TfZU. prlcmg runlCBWVTIE, fast-startDicEHE - \EEEIA M AALMARICHIZENTHED. JESEEELETH
EIREDELHEF] (0or1 TR, O~ 1DEZEDCEZIFS) ZUTHEREILENTVS, (4~61T. 1&317)

B FJZ. pricing runTI(3. dispatch run®fER. &L TWBNY—-IXDALIBERZAVSN TS, (8~101T)

2.7.1 Energy Offers used in Real-time Price Calculation

As described in Section 2.1 of this Manual, Real-time economic dispatch is performed in the
Real-time security constrained economic dispatch software program, known as
Real-time prices are calculated in a subseauent execution of the L ocational Pricina
Calculator (LPC) software proaram, known as/the pricing run/ The pricing run executes the
same optimization as the dispatch run but additionally applies Integer Relaxation to Eligible
Fast-Start Resources. Inteaer Relaxation is the process by which the commitment status for an
Eligible Fast-Start Resource is allowed to vary between zero and one, inclusive of zero and one.

Real-time prices shall be determined for every five (5) minutes, using the applicable marginal
energy offer of the resources being dispatched using the offer schedule on which the resource
is committed in the dispatch run. PJM will determine a resource’s applicable marginal energy
offer by comparing the megawatt output of the resource from the pricing run with the Market
Seller's Incremental Energy Offer curve or, for Eligible Fast-Start Resources, the Market Seller’s
Composite Energy Offer. For Eligible Fast-Start Resources, the amortized Start-Up Costs and
amortized No-lL oad Costs, expressed in dollars per megawatt-hour, are added to the resource'’s
_Incremental Energy Offer to determine a Composite Energy Offer, as described below:
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B PIMYZ17)OsgegEkzbl(c. BIHTZBUE (RAC-U7I94 LML) OSCUC-SCED-LMPEEDIO—%
BIIHE LT DL D,

RAC “Reliability
Assessment and dispatch run (SCED) A% (Regulation-
Commitment” (SCUC) e . ZERMEDRReserve)
. |
3-Partd FemignEss | zamo | ASOIT SCED | DR
Co-opt : > 3-Part® t
(PIMFRIEE) : Co-opt :
! RT SCED :
: FEEHARE — | FEERL
! »  SCED : —>
' I
L e e e e e e e e e e e e e — |
FEHREES B RAE DB LMP

> Co-opt
(fast-startidiEHE
FIAH TEEERHEFN)

ASO : Ancillary Service Optimizer

IT SCED : Intermediate Term
Security Constrained Economic

RT SCED : Real-Time Security
Constrained Economic
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