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[Z2Z]CAISOICEHINTLSScheduling Coordinator(1/2)

3 Phases Energy Services, LLC ®

ACES Power Marketing

AES Integrated Energy, LLC =

Agile Energy Trading, LLC

Altop Energy Trading, LLC [
o

Amber Power LLC
American PowerNet Management, LP ®
Appian Way Energy Partners West, LLC

APTG, Inc. [}

APX, Inc.

Arizona Electric Power Cooperative, Inc.

°
Arizona Public Service Company [
ATNV Energy, LP [ )
Avangrid Renewables, LLC o
Avista Corporation )
Avocado Energy LLC )
Balancing Authority of Northern California @
Bear Valley Electric Service, Inc.

Bia Capital Management LLC

Bilton Wong Power, Inc. L]
BJ Energy, LLC °
Blackout Power Trading, Inc. X
Blythe Energy Storage 110, LLC ®
Blythe Energy Storage II, LLC ®
Blythe Energy Storage Ill, LLC °
Blythe Solar 110, LLC °
Blythe Solar IV, LLC L]
Bonneville Power Administration o

Boston Energy Trading and Marketing, LLC
(formerly Edison Mission Marketing & Trading, Inc.)

BP Energy Company °

Brookfield Energy Marketing LP

Brookfield Renewable Trading and
Marketing LP

California Department of Water
Resources

Calpine Energy Services, LP
Calpine Energy Solutions, LLC

Castleton Commodities Merchant Trading -

L.P.

Central Coast Community Energy

CENTRO NACIONAL DE CONTROL DE

ENERGIA
Citadel FNGE LTD

Citigroup Energy, Inc.

City and County of San Francisco

City of Anaheim
City of Azusa

City of Baldwin Park
City of Banning

City of Burbank

City of Cerritos
City of Colton
City of Corona
City of Glendale
City Of Pasadena

City of Pico Rivera, dba Rivera Innovation -

Municipal Energy

City of Pomona

City of Rancho Cucamonga
City of Rancho Mirage

City of Redding
City of Riverside
City of Roseville (Roseville Electric)

City of San Jacinto

City of San Jose

Copyright © Mitsubishi Research Institute

City of Santa Barbara dba Santa Barbara

Clean Energy
City of Santa Clara dba Silicon Valley
Power

City of Solana Beach
City of Tacoma, Department of

Public Utilities, Light Division dba

Tacoma Power
City of Vernon
City of Victorville

Clean Energy Aliance

Clean Power Alliance of Southern
California

Clear Power LLC

Comision Federal de Electricidad
Commercial Energy of Montana
ConocoPhillips Company
Consolidated Edison Energy, Inc.
Constellation NewEnergy, Inc.

Continuum Energy Fund, LP.
Covanta Stanislaus, Inc.

CP Energy Marketing (US), Inc.
CWP Energy, Inc.

Danske Commodities US, LLC.

Darby Energy, LLC

DC Energy California, LLC
Desert Community Energy
Direct Energy Business, LLC

DTE Energy Trading Inc.
Dynasty Energy California Inc.

Dynasty Power, Inc.
Dynegy Marketing and Trade, LLC

East Bay Community Energy Authority

Eastside Power Authority

EDF Industrial Power SErvices (CA), LLC ®

EDF Trading North America, LLC

EDP Renewables North America LLC
Enel Trading North America, LLC
Energy Al Systems Inc.

Energy Data Management Services, LLC

Engelhart CTP (US), LLC
Engie Energy Marketing NA, Inc.

Entergrid Fund |, LLC

ETC Endure Energy LLC

ETRACOM, LLC

Eversource Consulting Inc.
Exelon Generation Company, LLC
FP West Capital Partners, LLC
Freepoint Commodities, LLC

Galt Power Inc.

GenOn California South, LP
Golden Dome LLC (previously, Ecesis
LLC)

Golden Hills Wind, LLC

Gridmatic Cupressus, LLC

Gridmatic Inc.

Group628, LLC
Guzman Energy Partners, LLC
Guzman Energy, LLC

Heartland Power Inc.
Hexis Energy Trading, LLC
Idaho Power Company - Merchant

Idaho Power Company - Transmission

Imperial Irrigation District

In Commodities US, LLC
Inertia Power VII, LLC
Intergrid Management Group LLC

J. Aron and Company, LLC
Just Energy Solutions Inc.

Keni Energy LLC
LCG Consulting
Leapfrog Power, Inc.

Liberty Power Holdings LLC

Los Angeles Department of Water and
Power - Merchant

Los Angeles Department of Water and
Power - Transmission

LTSTE Investments, LLC

Macquarie Energy LLC

Macquarie Energy Trading, LLC

MAG Energy Solutions, Inc.

Marin Clean Energy

McCoy Energy Storage, LLC
Merced Irrigation District
Mercuria Energy America, LLC

MET West Trading, LLC

Midway Sunset Cogeneration Company

Modesto Irrigation District

Mohave County Wind Farm, LLC
Montana Wind Energy, Inc.
Monterey CA, LLC

Morgan Stanley Capital Group Inc.
NDC Partners LLC

Nevada Power Company - Merchant

Nevada Power Company (NVE1_TO)

NextEra Energy Marketing, LLC



MRI

[2Z]CAISOICEH INTLSScheduling Coordinator(2/2)

Northern California Power Agency

NorthStar SW Ltd.

NorthWestern Corporation d/b/a NorthWestern
Energy - Merchant

NorthWestern Corporation d/b/a

NorthWestern Energy - Transmission
NRG Power Marketing Inc.

Olivine, Inc.

Pacific Gas and Electric Company (PG&E - Trading) ®

Pacific Gas and Electric
Company (PG&E - Transmission)
PacifiCorp - Merchant

PacifiCorp - Transmission
Palmco Power CA, LLC

Pattern Energy Management Services, LLC.
Peak Energy Capital LP
Pechanga Band of Luisen

Indians dba Pechanga Tribal Utility
Peninsula Clean Energy Authority
Pilot Power Group, LLC

Pioneer Community Energy

Placer County Water Agency

Port of Stockton (Stockton Port District)

Portland General Electric Company - Merchant
Portland General Electric Company Transmission

Power and Water Resources Pooling Authority

Powerex Corp.
Precept Power LLC
Protor Energy, LLC

Public Service Company of Colorado (Xcel Energy)

Public Service Company of New Mexico - Merchant

Public Service Company of New Mexico -
Transmission

Copyright © Mitsubishi Research Institute

Puget Sound Energy
Puget Sound Energy - Transmission

Quattro Energy, LP (previously Calicot Energy LLC)

Rainbow Energy Marketing Corporation

Red Wolf MT, LLC

Redwood Coast Energy Authority

Rivercrest Power-South, LLC (formerly BioUrja
Capital)

Roctop Investments Inc.

Saavi Energy Solutions, LLC (previously InterGen
Energy Solutions)
Sacramento Municipal Utility District

Salt River Project - Merchant

Salt River Project - Transmission
San Diego Community Power

San Diego Gas & Electric Company

San Diego Gas & Electric Transmission

San Francisco Bay Area Rapid Transit Authority
(BART)

Saracen Energy West, LP

Seattle City Light - Merchant

Seattle City Light - Transmission

Secantia Partners, LLC

Sempra Gas & Power Marketing, LLC
Sesco Caliso, LLC

Shell Energy North America (US), L.P.
Sierra Pacific Power Company

Silicon Valley Clean Energy Authority

Sirius Power Trading LLC
SociVolta, Inc.
SOHO Energy, LLC

Sonoma Clean Power Authority
Southern California Edison Company

Standard Normal Energy, LLC

10

Sunline, LLC
Sunshaw Power Trading LLC

Sxngels L Suwecm -

Ksulilmumal Akalmukwaits Inc. d/b/a Energy
Keepers, Inc.

TEC Energy Inc.

Tenaska Power Services Co.

TGP Energy Management, LLC
The Energy Authority, Inc

The Regents of the University of California
Thordin ApS
Tios Capital, LLC

Tiron Energy Inc.

Tommy Energy Solutions Corp

Town of Apple Valley dba Apple Valley Choice
Energy

Trafigura Trading LLC

Trane Grid Services LLC

Vitol, Inc.

Voltus, Inc.

Waverly Energy, LLC

Wellhead Power eXchange, LLC

Western Area Power Administration Desert
Southwest Region

Western Area Power Administration, Sierra Nevada
Region (WAPA)

Western Community Energy
Whitney Point Solar, LLC

Xine LLC

XO Energy CAL, LP
ZGlobal Inc.
Tyne Hill Investments LP

Tyr Energy, LLC.

Uncia Energy LP - Series C

Uniper Global Commodities North America LLC
(formerly E.On)

Utah Municipal Power Agency
Valley Clean Energy Alliance

Valley Electric Association, Inc.

Vectra Capital, LLC

Velocity American Energy Master I, LP
Viasyn, Inc.

Vitol, Inc.
Voltus, Inc.

Waverly Energy, LLC

Wellhead Power eXchange, LLC

Western Area Power Administration Desert
Southwest Region

Western Area Power Administration, Sierra Nevada
Region (WAPA)

Western Community Energy
Whitney Point Solar, LLC
Xine LLC

XO Energy CAL, LP

ZGlobal Inc.
Utah Municipal Power Agency
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FERC Order 2222IcHIFDRINMNAILBEENH ==

FERC Order 22227TI&. RTO/ISOICxUTDER(distributed energy resource) XOUDER7ZUS—3d
MIGSMOEEEZRYR<EIOIRTO/ISONHENHRIEEZERL TS,

FOHRD—DEUT.DER-DER7ZI UGS =3 UM RTO/ISOMGZICESATRIZODRNANLBTEEHZT00KWLLTIZER
EETDEMKRkDOo NTWVD,

| FERC Order 2222Ic W TERENZRTO/ISOREN B L IR TIERES
DER7ZT =23 MDRTO/ISOMBGADSINZERH D&

DER7 )T =3 hEER - ERBAFEICIGUTZ 1 DU EDETIVICEHR T & ZRHD L

DER7IUT =23 UMRTO/ISOMZICE AT 57 D&/IVHREHZT100KWLLFICERET &

DER7ZVUS— 3 MIrhsiiEz  FHMiHIC AR RY LEFEICRET D& (VT —R/TIVF/—RWTNEERHTLD)

NIWF/—=R7PI)T =23 %R0 5158, DERP IV T =23V (SRIRDREE T S ARG X =9 DR ZEKS, SMETIVIC
AL &

DER7 I =3V IR ERDBDB/HRNUT —F (MBECEERMLDMIELRE) [CDOWTCEKHT DL

VA DER7TVT—3 U ROINREX—II DT ETUARN—DIV—IVDWTEHEHT D&

RTO/ISO. DER7 I —5— BeERFEERURET DMIVERFZR/E T, DER7ITUT -3 DEEFHiS CRIBFRER
DOIIGICDONTE DL ITHHETINMRET D&

DER7JUT—=V3VADIY—ADABTHELLTE. BER BEMREZRDH TV -RURNZEZEEITNILLVERET S
&

(OB RTO/ISOMDER7J T —9—Lififa T dHHSIREZEN. TDREIEBEEERI DL

* 1 TBEMNDENERXREUZETIC. DI EERICORIDIBENEETRITHRE
HFF)FERC “Order No.2222”", BER:2022%389H, https://www.ferc.gov/news-events/news/open-access-order-no-2222 &Y =M EHEFER

K
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N
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PIM-CAISOICHITBAmNMNNB==/VIEIBAL 2 £3CAISO

o PIMOERNANBEZHIIBEEDNDHEK -DEREESICTOOKWU EERESN TS,
o CAISODTRNANBEZHFT. BEDOHERIEIS00KkWLLE, DEREFHHZSMETIVCSINT 5HEZICIHU TIO0KWEL E-
500kWBEOVWINAERESN TS,

o PIMOR/NERBIEAIXTO0KkW, CAISODZ/NEEIBAIIXTOKWERESNTL D,
PJM-:CAISOIC

| PuMicBI3RIANEESS BT 22 VENE| B 1
= Curtailment DER Aggregator a - -
ﬁi;Ei’i;—_%ED BEDFEEK Service Provider (DERA) ERZ?E%SJ?ES% i B RS AL
(CSP) (2026 FRHY—FF5E) PIM . 100kW
yy—25E | DERUADETR . HEHIR - DER - BEJ)/—X(FOM,
. EEZHIR BTMWINEESE) CAISO | ° T0kW
TOOKWLL E(Tx « TOOKWELE(Tx « TOOKWHL E(T= « 100kWLLE(Tx®
SE ¥ -G B2 IWFE—i5 B2 FE -5 BET ¥ -G BEm
= B 7IUS ) —t— B 7IUS ) —t— 2. 7UUS ) —t— 2. PUYS ) —t—
EXmi5) EX5) EXi5) EXi5)

| carsocsraBMANEEEH

FYURLZRYZ T m
RSN - A ! DERFO/N15— IERBUY—2
BEDFEER (PDR. PDR-LSR. (DERP) (NGR)

RDRR)
1)\))—2%& | - DERLIMDER |- ETYIR . DER - BEJJ—2
500kWELE .« 100KWBLE(THIL |+ 500kWELE . 100kWELE
- F—mi5)
== . 500kWLLE (P
Sl)—t—E'2HE)

HFT PIM, “PJM Manual 11 (revision 127)”, “PJM tariff”, CAISO, “CAISO Fifth Replacement FERC Electric Tariff Section4”, “Proxy Demand Resource (PDR) & Reliability
Demand Response Resource (RDRR) Participation Overview” Z&V =ZHATHAER
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Operating AgreementICH (T ECIVITRTI1—IVDALAIEDIT &1

® Operating Agreement|C&kd & PIMIEFEYFICHUT. REA T 7—ICTHEEINZEEGE/NSIX—FYDHERNTLTD
T—=IVATI 1= IVEULKBEENTRTI1—IVERERDENIDRAEZIE R IT DENEZEFET D,
¢ JT—IRTIVI1—IELUCEIVIRTI1—IVERODENZAEITIFZHELT.UTOEENRETFONTLD,
D FHHREICRVWRASEREZH#IFL. EVWFRUPIMAKEETDIENE. Reserve, TOMT—ERDHHFEIR N E &
INRICHDZ B
Q FBEEMBEDODNTIVRZRY AT TV1—IbENkI170— (tie flows) Z#HEFL. BRHARERZIRMHT D,
Q PIMBAEDEO., BRHBICEELRWRTI1—ILSNTVWRVWEAREER/IMET D,
o FEIZER(Emergency Condition)ICIX.PIMBRATERTIDIETCDHOIY—RDIEFMNFEIRINDSZEEH D,
FMET4. BN ERONS TV, MZGEEE DR GHKEE - AN TR Z2S R,

Operating agreement

1.11.1 Resource Output.
The Office of the Interconnection shall have the authority to direct any Market Seller to adjust the output

of any pool-scheduled or self-scheduled resource increment within the operating characteristics specified
in the Market Seller’s offer. The Office of the Interconnection may cancel its selection of, or otherwise
release, pool-scheduled resources, subject to an obligation to pay any applicable start-up, no-load or
cancellation fees. The Office of the Interconnection shall adjust the output of pool-scheduled or self-
scheduled resource increments as necessary:
(a) to maintain reliability, and subject to that constraint, to minimize the cost of supplying the energy,
reserves, and other services required by the Market Buyers and the operation of the PJM Region;
(b) to balance load and generation, maintain scheduled tie flows, and provide frequency support within
the PJM Region; and
(c) to minimize unscheduled interchange not frequency related between the PJM Region and other

Control Areas.

HFMPIM, “PJM manual 28: Operating Agreement Accounting”, p.306, 2023FE9R8218 &Y =M EMZEAR{ER
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PIMICEFTBTIGTIILTAY = 4

e PIMTIX.BIHMIZETIUY —RZEIVTRTI1—ILUTVWESFE. COBERIFEIEHT4:15FTOUT7IVI A LTHISZD AFLEARE
hIZEE - HHDLEEIETERL,
e FMNE.FH22:00LIBIEFEIWNIZRTI1—IVEBEDRT I 1—IVABNAEETH D,

| sigmism~ %ém65ﬁﬁui‘60)ﬂiiﬁ9'fh7'fj

BRSO AFLEBIE T . IR TOHEWVWAFLEFTEY AFLIZPIMICIREINARIFNIZE SR,
« PJMIE11:008fICDay-ahead market clearing software DE{TZRHBL. BIETSD 1B EDHWERX T 1—IVELMPZERE,
« Fixed demand. price sensitive demand bid, demand reduction bid. Day-ahead ReserveDBiZEifZEE% /= . HE

ATH11:00 B EE I S EE EEL. TRIE— UF—T ORI NIRIMES NS, (—EDEREST3)
. EENSLIEEHED L. PIMOANERDOIENENS | R4 1—JU(External bilateral transaction)XsiHTBEADHER ) —XDFTAFE
2%N5.

E13:30%T « IH13:30FTIC. PIMIZMarkets Gateway System|C. RIHTIEDEEEND R 7Y 1— IV ELMPOIERZRZIEEH T 5. PIMIZ.
) NSDF/ERESY I O—RE[ER T 71 )b, Markets Gateway System. £/zIIERDEE! 0ENUTHIAAREICT S,

o PIMRUP AL LTHUNS D00 HE) DAFLEEZRRIET S (rebid period).

BATSERAR~ |- B, H5ESNEIHTALEEBIEVTIRETDICENTES,

aiH14:15 « L MESIMENSBATESE TIYV—REEIITZATI1—-IVUTW5E. BALEBRIC =Y DR T—Y X E“Economic”[CZE
EJTBREIETTRL,

o UPIEA LI5S D005 DAFLEAR (rebid period) h 87T,

« PJMIZ. Reliability Assessment and Commitment (RAC) Run({E#EE M- (L&MW ILEHESETT) SMFIENDE2DHEEITED
FILEHEIDREE1T Do

AIE14:15 o ZOYJ—=ROAZYRAIUNCIIE BEINIZFEALL BEFINIZUY—RXOFBREEE (PRI E )7 1)1EHR. EFHINIPIMEEFAIE
REFETARENEEND,

- CORBHEHEILSBENELIIETEE (reliability) TaY . BINMICRENSIEEHBEDR R E SNDFHEERDIZEI I X M(start-up
cost) ERIEHENIRX M (no-load cost) ZR/NRICIIZ D C&EEBMEL TS

. PJM(at BEHINZPIMEBETRAERHO)Y —AFRATHREFRICEDE  HEICINU GEMDFHEEHESSILSHEERE T &N

=ERH . PIME. MBI T B ORET A S L BRI B e RBR Y 1— LT 3,

- BIE18:30LEMDReliability Assessment and Commitment (RAC) Run ((SfEEEM - ieEE L EHEIETT) 52 T B8N S E A
AiH18:30~ BD65DFIETIC, BIESNIZFTEAANRPIMIZIRES NS THEMEN S S,

HEMA6598 « BIE22:00LU ., EFEHRO65DFIETICELIVIRT I 1—=IVIV—=RIERTI 1=V EREITDICENTED 71220, BREFICIZIPIMAE
WIRTI 1=V —=RZERTD1—)bU. T4 RINYTF T DHERICRDONENS D,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.21-22, 2023F3H31H &Y =ZHR A EAER
Copyright © Mitsubishi Research Institute 16




MRI

PIMICHITDEINITRTI1—-IVDEENEL B

o PIMICHEWT.RIHMIG TR I 1—IEINEREE )Y —ZANRTI1—ILHoRFREUTELTDICEEZHLETDIIHST. PIMIC
FNDAENZHERITDINEN D ERULER. GEHEDIEZHICHETCHDIEHMINZIEE TEELTBIENTETSIN,
forced outage (GtEAEFEL)RVERY  BEFTHD7EAX N TEEINISENELRICKBIND, £z E8ED
HICHENEDNCHIMDET HEBIY—RXZEILLULEEE. ®iE(deviation) XL TOperating Reserve
Charges(9nH5E5, UpliftIXKM)ZE&IEBURITNIERSL,

2. 3. 3 Market Sellers
(FRBg)

If a generation resource is scheduled in the Day-ahead Market and wishes to deviate from that schedule (i.e.
not run), the generation owner should contact the PJM Master Coordinator to determine if this course of action
is possible. The PJM Master Coordinator will either:

FE Y —ZADNRIAMEZ CTRATI1—IENTHEY EORTI1-IVHSHNBCE(TROEREILAVCE) ERETII5E. FESFREL
PIMYRY——FT 1 R—F—ITERBU. COX I BITEMRIRENE D W EFEER T DM EDNH D,

PIMYRY—-DA—T A R—F—[LROVNITNHZEITD:

Determine that the generation resource is not needed for reliability purposes for the Operating Day and
therefore, the generation owner can decide not to run the resource and no forced outage is incurred. The
generation owner is responsible for all deviation and operating reserve charges.
EEEDEBMEDZOHICHEE ) —ADNBE TRV EHIULEISE . REFMEEIIREVY —REEILT I EERET DCEMTE,
forced outage (GHEYMELE) ICIFXEB SRV, HREEEEL. £ TORBRICHUTEEEEL), Operating Reserve Chargesz&38
95,

Determine that the resource is needed for reliability purposes and therefore, will inform the generation
owner. The generation owner may still elect to not run the resource, but a forced outage for the duration of
the scheduled operation of the resource is generated. The generation owner is responsible for all deviation
and operating reserve charges.

) —ZADMEREED=HICHNETHDEHIMUIZIER. TNEZREEEE (BN TS, REMBEITHEYV R ZFEILETHIEEFERT
IB3N, UV —-XADF EFEEIERDforced outage (GHESMELL) &2 D, HKEFHEE (L. 2 TORBRICHULTEEEZEL), Operating
Reserve Chargesz&iid9 3,

HFMPIM,” PJM Manual 117, FEH2023F9830H, https://pim.com/-/media/documents/manuals/m11.ashx
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(S8E]1PIMICH T BEHBIMEL RO B A PYst

o EENELXR(EFORD)DHEAZEIIUTDEY THY . forced outage (GtENZLLE) DEBIEZDAEDHRTEREINT
W,

| stEs Btz E S E

EFORD Calculation

Forced Outage Rate Calculation

The Equivalent Demand Forced Outage Rate ("EFORD") shall be calculated as follows:
EFORD (%) = {(ff * FOH + fp * EFPOH) / (SH + ff * FOH)} * 100

/ / | /

ERUEIER 2EILTFOI— HMEILET 705 — H— b R P{Z 1R
Eaquivalent Demand  full outage factor | partial outage service hours\ full forced outage hours
Forced Outage Rate factor

2= 1R 2EILTFOI—
full forced outage hours full outage factor
R0 = LEBF e

equivalent forced
partial outage hours

HFr) PJM, ” Generation Initial Training Program”, B&EH2023F10812H, https://www.pjm.com/-/media/etools/edart/edart-outage-types-and-tickets.ashx
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[Z2ZIPIMOBETHIGZICHITIEHENEIEZDIKRL)

SHESMEIER(EFORD) [FBEMEHED T EAX YN TERBIND . A—J VI VENDEFORDELYE. PEAX YV REFDEFORD
NREWEE EBMA—IY3VTEDRIDDZEMBELRTNERTILTAZRESNDZZEICRD,
| PIMOBEFRBICH 1T 3 HENELEZEDRL

[(Z2Z] PIMOBEHI5(CHITBIFLERDIRU

14

PIMOBEmH5 TIRABFERELTARVSN TV S BHISIEREBIFLI1ARCHEEISIH. &
SEA-723VRICRAVSNIRATRGRE (FEUSLIESR : EFORd) E7EAXY MFOFEEER (B4
EFORd) h'wdLE—EULRBVEVIRFHINGS. IBD5,

ROSNZEHEE = %@3= x (1- EFORd)
TEAADMNEFORHDEE = =fedE x (1 — HIREFORd )
ZHRES = ROSNIEHEE — T7TEAXAMIOERHEE

COlz, BR¥REFORd > EFORd DI5E. IBIA -T2 30 RETENDBTEDRI DZBIFEL
BEINERFIT1ZREBNBIELROTUFES, —75. IR¥REFORd < EFORd MIF&(E EHEE
(CRIBNEFN D TORED (FMEOBIRZFOREDZHIBIEEICALSNS,

HENEOFEHIZORFTICHVTE, "BREEFOHMEE(CTU. HRAHEFERCDILICID, HA
FERLTHMIZTENBZASNDS. "ELTWS. (PRGRHREBIESE 2R)

BHEOEEMIS TR, ARGREEZETEA -V ICORIHEIDEITHIN . TORBFHESE
PIMEBARIC, 7EAXY METOERBICEIDZELESE DD SEOFHBIRET DimR(CBDEDEE XS,

| =733V BSOEFOR : 2RIBIMA—7S 3> ETBEENMEET S, TOBRA AV RIOIFRETD |
| 1ERISEAME. F12(d, BESETIIME, BMNA-I3>OBERASA-I2IVED
EEBRTERER,

: BEUVERIERED/302KRBEL. ZDRI1I2NEOBEUFIEER (ReJ D3R
) ZELITHEE . REUVFERIBO3NABICATONSIREBIMNA -V 32 ([F 8R4
EFORdN“&EAE.

1) OCCTO, "D DAT RIS FEIAX DS REIVTAICEEY DIV —IVERICAIT/=EaiER", BEH2023F10812H, https://www.occto.or.ip/iinkai/youryou/kentoukai/2017/files/youryou kentoukai 09 03.pdf
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PIMICHIFTDEEADRFIVT 1

o FERENPIMDTARANYFHS@EBELUTWDEHIINZES. BERFEICIHU GERE(Deviation) 5@ 1.
Operating Reserve ChargesBBEE(ITHEUpliIftEAIRNEERER)INS,

| PIMICBIFZEBAOARF LT«

20|M Ramp-Limited Desired MW Calculation for Deviations

K Create greater incentive for generators to follow PJM real-time dispatch \
instruction rather than day-ahead schedule
= Determination of generation deviations made using following criteria:

* Ramp-Limited Desired MW

»= % Off Dispatch

* MW Off Dispatch

* Once generator is deemed “deviating,” charges are based on operational
characteristics of generator and ...

* Real Time MWh — Ramp Limited Desired MWh OR
* Real Time MWh — UDS LMP Desired MWh OR
* Real Time MWh — Day-Ahead MWh

www.pjm.com | Public PJM©2020

HFMPJM, "Operating Reserves Overview”, FEH2023F10812H, https://www.pim.com/-/media/committees-groups/subcommittees/dirs/2020/20201102/20201102-item-08
-operating-reserves-overview.ashx
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MRl

TARINYFHETRVERDEHEE Bpjm

e FIHMBEUZIIAMLTEDWMATTARNYFRETHEWVWIZYME TPV IMILMWhERIBRT I 2—IUMWhDES MR
fREEUTEEMIND,
> £EEMust runDEIVITIRTI1—IVERIICDT—RICEYEITDIEEZIOSND,

| 7«28y FaIETRVERD RS

é’pjm Resources Not Dispatchable

Each unit that is dispatchable day-ahead but is Fixed Gen in real-
time is assessed deviations

* Real-time MWh — UDS LMP Desired MWh

* Each unit that is not dispatchable in both day-ahead and real-time
market is assessed deviations

* Real-time MWh — Day-ahead Scheduled MWh

* Units that choose to participate in day-ahead pumped storage
optimization program are considered not dispatchable in Day-Ahead
market

www.pjm.com | Public PJM©2020

HFr) PJM, "Operating Reserves Overview”, BEH2023F10812H, https://www.pjm.com/-/media/committees-groups/subcommittees/dirs/2020/20201102/20201102-item-0
8-operating-reserves-overview.ashx
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T4 RINYFRIBERBIRDEE BApjm

¢ J—IIENERTI1—IVERTXEZIETARANYFARBEIVIZATI1—IVERIEZ.LLTFD2DE/ZIIHBRICPIMODT 1R
INVYFOSRIELTVNDEHAREIND,

> RERDEAN, Ramp Limited Desired MWh(S 2 TRICE D <EMFEIBEMWh) &UDS Basepoint MWh(BERD T 1 X
IVYFIRADBM)DEISR W,

> TARINYFR(("EEDHE—UDS Basepoint MW" F7Z (& “EEDHI—Ramp Limited Desired MW" DWW NLAVNE
WHZEFBEALETAZANYFER)N10%ZEBZ 5,

o ZMNDIFAH.JTIVIALMWhERamp Limited Desired MWhDZES M EBREE LTINS,

o RU.TARANYFEN20%EBZZEHE.JTIVIMILMWhEUDS LMP Desired MWh(LMPE I Zw D AFLBFR E LEE L
FEFICTHIRTAIMWh)NEREEE LU TFHEINSD,

| 7«2y FagERERDRBE

é/pjm Resources Not Following Dispatch

Pool-scheduled or dispatchable self-scheduled generator not following
PJM dispatch due to...

1. Actual output not being between its ramp-limited Desired MWh and
UDS Basepoint MWh AND

2. % off dispatch is > 10%
Assessed deviations as Real-time MWh — Ramp-limited Desired MWh

*If % off dispatch is > 20%, deviations are assessed as Real-time MWh —
UDS LMP Desired MWh

m.com | Public 11 PIME2020

HFr) PJM, "Operating Reserves Overview”, BEH2023F10812H, https://www.pjm.com/-/media/committees-groups/subcommittees/dirs/2020/20201102/20201102-item-0
8-operating-reserves-overview.ashx
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BILEEINIZEIRDZRE Apjm

FESND.

e FIHMB TR I 1—ILINENEILEUEZERIZ.UPIVIAILMWhERIBRT I 12— IUMWhDESHRREE LT

| B nrzER0%HE

Bpjm

Resources Not Following Dispatch

Each unit that has day-ahead schedule and trips or is scheduled
day-ahead and does not run in real-time is assessed deviations ...

Real-time MWh — Day-Ahead Scheduled MWh

HAT) PJM, "Operating Reserves Overview”, BEE&H2023F10812H, https://www.pjm.com/-/media/committees-groups/subcommittees/dirs/2020/20201102/20201102-item-0
8-operating-reserves-overview.ashx
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B EHISICHITDRIANLE S %

o TUAMIFREIY—INRETSGeneration offers&Virtual bid(PIM®DIZE. Increment offers) D2 EHE. &
WARIZNTENRE TS Demand bids&Virtual bid(PIM®DEFE. Decrement bids) D2BENENEFNEFIET D,

o PIMAM2MMRMEICHITIRMBEZNREVEEMAEM CTCHSDUp to congestion bidWw,. PUIMESEDE D& H AIS
RE>EMIEm CHhdImport/ExportEFET 5,

e Virtual bidIZREBENYV—R INTEEBEIIEEMRINBVES. EHESMENANLTRETH D, 5IHTHICHIFTDLMPEE
[CAVWSNSA. BIHMmEZ TCOVirtual bidANDAFITAIIUZIVIALTOYEIO—CIFERLRLV,

| PUIMICBF3RIBTEOALES

2

Generation offers - HE)V—-RIZHWT,PIJMDENnergy marketl_Three-parts offerlEif& & &89 5 & TALL
Demand bids L EEREICBL T, OV DA BETABEBRT 5 TAAL

Virtual Increment offers | « RIHMSEU7ILIA LATGOREMEICHITD2EMPIANYI EZBRNEULZEVWALL
Slie Decrement bids | -  BIEFSE UTILo1 LSO EMIEIC ST HERIAY D% BBE LE3SY AR,
Up to congestion | « $HED2MAMICHITIEMREZEZNRELZAYIEm

bid o SEMABICKHUTUZIVIA LHSOEMAIENFIHTSEDEMAES LUV ENFRINDE, giETSE
D751 LiigE DIEZE D DINEEFD_EDAIEE
Import «  PIMOEBHADSDZE(EHEA) I T DERMIVRE VAL
A7 —HRICIIEASEDRMAEICNTEIXIWWBEEEA SR ITDINENGD,

o UPIVIALTZEDRTI 21— 207 T7OCRCEVWTEBEAMNLLURVWRY . fIATS CORRIEE| & U TUE
SN UTPIVIALTOYPEETO—&[F—EUE,

Export «  PIMOENEE(EN%EIL) IS0 T SERIFVREY AFL

o A7 —BICIXENEEDEMREICX T OXILVWEREREZHI DVEND D,

o UPWIALTEDRTI1—-) 0T TORRICEVWTEBEAMLLURVRY  BIATES COERERG| & U TLE
SN UPIVIALTOYRETO—EIE—EUE,

% Up to congestion bidld. X EE| (Bilateral transaction) D—&UTPIMYZa7IVICEHEZBHEINTVWSIN, LBV ED2HESREICH T EMER S
ZxgeUizVirtual bid(ERIBNAYIER) THRI3ZENS. BRICHITIHEGREINOEREFERDAREENHD. AT T1— )07 7O EDERIEEMERNNE,

HFr) PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”, p.29-30, 2023F%3H31H
Monitoring Analytics, “PJM State of the Market - 2023”, p.130.139., 2023F1088H LY =ZHREMEAAIER
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BEIRILF—mIZICHITDIANER %

e Virtual bidZRWEZEEBEVY - -FEICHO<KANLEULT. BBV —XNEE T SGeneration offer. ELVAALIKINTE
EXE(LSE)NREITSDemand bidsD2EENEFNFNEFET D,

® Generation offerld. 754 XRT1A—& L TREIZHEEIE SSelf-scheduled generation offer&. 777 —fff
BICEDWTPIMBES - B HZERETSDDispatchable generation offerM2@HEICK I N D,

e Demand bidl&. i DLMPICE 5 THEETSFixed demand bid&, EFUZLMPE TE 2 &E THET SPrice
sensitive demand bidD2#&ENH 5. Demand bid AFLBFICIXEXE| T2 RIBEREZEENDETANTIHENRH Y,
PIMMWESH =R (Transmission zone:Y—2, Aggregate bus:£#/\VX, single bus:8#—/{XX%nodelZ
HE) TANLEINS,

| PUMOBIBTBICHEFEEYAL -BVARLDOEE(KVirtual bidsZEB<)

5av) AKL (Market Sellers) B U AKL (Market Buyers)

Generation offer(HE) Demand bids(/\5g) %
L Self-scheduled FSARFAH—E LT, 8- HAH I Eixed demand bid R FEE(MW) 5%
generation offer = o XLMPIZPRS 3 585E
ZHEANTESIRELENDZEERKX : - A=
; i 4 MR FES(MW) EMiE%E
—— Dispatchable generation offer MW &S T 24 T 7 — & &= &5k Price sensitive demand bid 453
XSelf-scheduled&eUTRET SmELE D (Economic Min.) Zi#&EX. *Fixed demand bid&Price sensitive demand bid®&E&tI&.

Dispatchable@mAHE D (Economic Max.) DEIEZPIMAR R BEEREDRYT LSEDAFLER(Daily demand bid limit) Z8A2B8WVWLDICEHFT D
Ja—I)IAgERENFT (dispatchable range) &% %, Self-scheduled&UT BB D

REITIREBODFHEEZ(Economic Min.)&DispatchableR\ERKEA

(Economic. Max.)ZRA—ETEHRID_ETLEEVANSVET B A (block

loading) £ 7 &E,

HFm PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”, p.23, p.29-30, 2023F3H31H
Monitoring Analytics, “PJM State of the Market - 2023”7, p. 130, 2023F10A8H &Y =ZHREWER{ER
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[(SE U7 IV LTGICHEITEIRS &

o FTUAMIIHREIY—INEETSDGeneration offer(BIVITIRTI 12— IVRIETARINYF v TIV) EHBANSDZEICHE
BdSdImport. BWIEPIMIUFPHDEEZE(CY =D LoadEPIMBAANDZEERS|ICHYE T DEXPOrthFET D,

o NEERBRUPIIALMHICEVWAILEZTSCERETET AIAMHTOHADemand bidZ AT ENEFRD,

|PUIMICBF3UP VI LTEEOR S

£

5cv) | Self Scheduled |+ TSARTANH—&UT EEBZENTEIRELNZEEE

Generation - BE-HAOZENTEIRELEAD(Economic Min.)Z#8Z27=4HAl&. Dispatchable

Offer offer(XN¥AFS UV EBADENZ . BEEFESTURRXENFTEVTRE)EVLTERIT D
& A[RE

Dispatchable « MWENIRT DA T7—Mi& = &%

Generation e BEINEAT7ZPEBRICEDET.PIMAUZILIAALAICEVWTEFHEL BEERESZERE

Offer

Import «  PJMEANSDZEICKTBDIRIF—EE]

o UPIEIALTBICHITDimportA T 7 —Z5EEC 1L, BIROASIS reservationZRBL TR &,
ramp roomH'H 3 & NERCHY T EFHTT D& GEBDISO/RTONF TV IF7INTOERE/1E

FINENH D,
=1\ Load o UPIIAMLICEITBREFEMW)
XAIEMGZICEITDINGEEEDEVWAMNEFERDRICEENNE
Export «  PIMBAANDZEEICRTDIRIVF—EE]
o UPIVIALHBICE T Dexportd 7 7—EEREFCIL. BRR0OASIS reservationZ{FRBLTLBZ &,

ramp roomH'&H 3 & NERCH T EFHfTT D& GEBDISO/RTONF VI IR TOERE/IE
FINENHD,

HFF)PIM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.29-30, 2023%3H31H
Monitoring Analytics, “PJM State of the Market - 2023”, p.128. 135., 2023F10A88 &Y =ZHRAMITATER
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KEICPHITSBVirtual BidDIEE

e Virtual bidIIIBRYEE - RBYEZEDEELERRIC. RENRANZHFIENDTHD AIHMEBECIXRILF—Z5TEL. U7
AL TRYWMEIZITOCEZRBMITDIENDTHY . FIBMEE U7 IMALAMBOEZF AT 2B RE/MINGI THD,
> Increment Offer:RIEMLRFEBA(DLIBED)
> decrement Bid : REMGFZE(DLOIBED)
> B EIEMEZ CTVirtual bidTC100OMWhZBALEZEE. U7 IVIAMLTIZETIOOMWhDFTERNZIT D,

o FIZIEX REZXENUZIIALMENIBMEBRLIVE<RDIEEZDFE.AIHMECROTIC.UPILIALTIBETED E L)
DEBERANEFZLV. UNUVL.BEMBDUITAPAVNILYBIHMBICANL T OSRBEN G EIEREEFET S8, Virtual
bidZEAWSZETUZILIM LB THOFTEZITOCEZAREICLTWVWD,

® Virtual bidICE > THEEXEBENRERDBEEZAEZZEEITDIHNEIETRL,

o ERDOVYIMINTEBEEZICLIO>TRTII—VIIENEEFTICEERIN. U7 IVIAMLTEDOMB TCENZEBATSC
EMTED,
> AIHMBZICEVWT ISONEFTFRHNDI00% ZMENRBEICHUL TR TI1-—UIIITHEEZERTIARMENS D,

| hs=gE1c8173Virtual bidDIX—

- INGERFERIFUTIVYA LKA CTEEIME T T2 FHE

- UM CEYWELTIOOMWhDE WL AL

- ERFICVirtual BidEUT100MWh®DIncrement Offerz A%l

- ZORR. BIHTBORYMNRIIIAVIE0ERY, £8Real TimeTIB CHEBATIRRELD

Day WAL 100MWhx30%$/MWh

100MWh(EL)  100MWh (35Y) 100Mwh e = e
Virtual Bid T00MWhx30$/MWh

> (58Y) = $3,000
Real Time T00MWhx25%/MWh

30 $/MWh 25 $/MWh Hig = A$2,500

Iz Et
- > A3$2,500
Day Aheadmii% Real Time™ii5

) BEER & U =ZHSHSERER
Copyright © Mitsubishi Research Institute 28



MRI

KEICHIFSDVirtual BidEADERN

® FERCIZCAISONRLMPMHZZRIT DEIC. Virtual BIdBEADKREZHUTHY . ZOEBHELT. OrRiEmHE U7 ILY
A LDMBEDIER. QRIHAZDENZATI1—I1 T4 TDORIME. QREZBEEICLZIREDYENAYIDRZHD
ERMFERMNEIFESNTVS,

e CAISOTIEEEE&Virtual bidICEBIMTERIDEREFTEEZE (REIZVIMER) EINTEEEDH THO>EN . REBHKZ
AMBULRVWEMEBEZEEZEDSNERDONDILIICR L. COFREVT.UUTD220ETFoNTLD,
> BAIBIRIF —TIENDEAZIEIT_ENTED,
> REBXEEBEVCNTEEENMNVirtual bidICE>THBTVWEITHADBARRFBZHRITDIENTET S,

| FERCHRUTWBVirtual bidEADEK

+ Virtual bidZHA8EIC T 2 & T\ BT ZEDEMA I B 2L LI U7 IS 1 AEHOEMM) 7 V51 Liffig
ZHUTIFSLIIC7%D, 97805, Virtual bidZ1T5HIESMAICEKY  siB @& U7 IV 1 AMEEHEAFHE TR
FICBRBDELD BABRI I IT1TE5ABENTE . MBEDREIEER/HDICENTED LEN>T. mHS
INE L. BERMIEZEREL. RERDIZFIZSSDEMHRE R DMASDIHEREZHEIL T SMETEIRE. LUBHITHEETED
£IICRBIET TH B,

- Virtual Bidl&. BIHTZICHIFT BENRTIT1—IDI1 €D T1 T E2RIMET 5. IR E U7 IV LDfEZED
752 &TURBAMLIZDay Ahead DA CTTFERINDS IR TOERERTI1—IT DI T1TZ58ET B,

» Virtual Bidl&. FESREBICKDFABEDYEENNYI DzHDEMFERERLT 5. ABEFFAFRAKXTICIZY
b3 vhd35—7. Virtual BidefRAUTMWEAD—ERXZIEEERDUT7IVI1 LMEEZER/S_ENTET D,

HFfr) CAISO, ” Convergence bidding”, BIEH2023%E108121, https://www.caiso.com/documents/convergencebiddingsession1-definingconvergencebidding.pdf
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MRI

KREICHIFDVirtual BidDH&

e PIMOERICHWT. . Virtual BIdDRRIZLTOLDICEBEINT LD,

| Virtual bido @

« JEXEREIDHRAIDAIN—

> FEXERS D FRIZZMNU IV A ATHSME TRE TS EVWS CENAIREE R D,
« WEHTIR CORETTY AL NTEVALDAYD

» UTPII1LHEDMIE CTREI D ENTED,

> UPIWIALTERNN)Y TURESDURIERATE S,
« FEHS

> BIHMREUT VYA LHEDEZEZE THREIEIZTOENTED,

HFfr) CAISO, ” Convergence bidding”, BIEH2023%E108121, https://www.caiso.com/documents/convergencebiddingsession1-definingconvergencebidding.pdf
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MRI

Virtual BidIC K SYBRGTHISADRE

e CAISOIE.Virtual BidIC&2MEBHNLEHHEANDHEZUTOLIICEELTVD,
o FAUMEGZZMENREULEYFE - HBALEOBICEEEFITVWERZEEINTEY . RUCICEERAINTLRW,

| Virtual BidIc & 2 BHATHIBADEE

« REBAALIFRIETSZOEREm CH D,

« REBAALIFIRMAAEFREE U EFEICEDVWTCHIHMS TELIN S,

o« RIBAFLTIE, YBAS AL TIXRLV 28 PBR S TRIVF —DEFG0EBEIZITHNGRL,

o REAFLIFIRMIY—RICEITEINTLVEL,

« REEALLIE. AUTZSMENRE UIRMFRE - e AL & DORBICEhEMEIE R,

« REARLIE REEREDZHISRYANZEAT S1ETHIETOLEZRATHSResidual unit commitment
(RUC) TIFERATINGLN,

- {RFEAALIE, FIHTIZERUCTOERADEAICHWT  BYEENRED LS ICOIYVREINBINICHEESZ D,

FiF) CAISO, ” Convergence bidding”, BEH2023F10812H, https://www.caiso.com/documents/convergencebiddingsession1-definingconvergencebidding.pdf
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[(2E]CIVITRXTI1—)VEEDVirtual bid;EZAH Bpn

o LIILIRTI1—IIVEEN. IHTBEMELVESVWI ZILYMLTIEMIETCESZHICdecrement BidZE3EH,

| evoz5va—EREDVirtual bidsERH
BOIm Example - Decrement Bid

Self-scheduled generator (200 MW)
wants to see Real-time pricing ,
Real-time

Day-ahead 6 g

Q Assume Generator produces 200 MW
Generator self-schedules unit at 200MW ¢ . =
Decrement bid at same bus for 200 MW at $100 \‘) A;:g:li f:?:)’:'::ﬁebxi G;nfii MW
\,’;’ Assume Day ahead LMP= $3° Deviation from DA schedule (Dec) = 200 MW
Day ahead Settlement (Gen) = 200 Balancing Settlement (Gen) = 0 MW
MW * $30 = $6000 credit . *$35 = 0( )
Day ahead Settlement (Dec) = 200 Balancing Settlement (Dec) = 200
MW * $30 = $6000 charge MW * $35 = $7000 credit
Net Day ahead Position =0 Balancing Position = $7000 credit

Net position = 0 + $7000

= $7000 credit

FAT) PJM, ” Convergence Bidding Tutorial &Panel Discussion”, BEH2023F10812H, https://www.monitoringanalytics.com/reports/Presentations/2006/20060613-bowring-

presentation.pdf
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[Z=Z1$EWEEIDVirtual bid;ERAAFI(1/2)

o HMEB|ICAWT.BEVLWFIFRIETEMIE TCEV. TUFEUT7ZILIMALATBMEECRYZVES. BEVWFIXRIHTE CEERY
BWANLZETS. CREICHL)

| EEREIDVirtual bidERHI(1/2)
= ¥ Example - Increment Offer

Internal Bilateral — Seller wants RT
Pricing, Buyer wants DA pricing

Day-ahead N Real-time

Buyer Buyer

100 MW Transaction entered as DA in eSchedules 100 MW transaction carries over to RT

e é\‘;) Assume Real-time LMP = $50
J') Assume Day ahead LMP= $40

Deviation from DA schedule (Sale) = 0 MW

Day ahead Settlement (Purchase) : -
=100 MW * $40 = $4000 credit e ;es':i";ésa'e) e

Net Day ahead Position = $4000 Balancing Position = $0

Net position = $4000 +

= $4000 credit

—————

FAT) PJM, ” Convergence Bidding Tutorial &Panel Discussion”, BEH2023F10812H, https://www.monitoringanalytics.com/reports/Presentations/2006/20060613-bowring-
presentation.pdf
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[2Z 18 EE|DVirtual bidiEEFI(2/2) Bpm

o FTUFFHAMGZMEBIVESVWITZILIALTHFZME TFEdieHICIncrement OfferziEMA.

| it EREIDVirtual bidERH(2/2)

é/ In Example - Increment Offer

Internal Bilateral — Seller wants RT
Pricing, Buyer wants DA pricing

Day.ahead Real"time
Seller TN Seller

_ 100 MW transaction carries over to RT

100 MW Transaction entered as DA in eSchedules
Seller enters Increment offer at same location for 100 MW at \‘:} Assume Real-time LMP = $50
: Deviation from DA schedule (INC) = -100 MW
? A:SU:I; [:taly aheta((jl LTP-‘I z:o Deviation from DA schedule (Sale) = 0 MW
ay anea ettiement (Inc) = ; &t
MW * $40 = $4000 credit Balancing Settlement (INC) = -100

Day ahead Settl (Sale) = 100 MW * $50 = $5000 charge
ay ahead Settlement (Sale) = 3 .
MW * $40 = $4000 charge Balancing Seft;i_gin; éSaIe) 0 MW

Net Day ahead Position =0 Balancing Position = $5000 charge

Net position = 0 + §
—=$5000 charge

FAT) PJM, ” Convergence Bidding Tutorial &Panel Discussion”, BEH2023F10812H, https://www.monitoringanalytics.com/reports/Presentations/2006/20060613-bowring-
presentation.pdf
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[ZFRESFADIRAI[

EDR=HDVirtual bidiE

MRl

15 Bpjm

o UPIAIMLTEARBLVDRIEEEN G D2HREBHEN. FD D %Edecrement BideUTARU. i85k % [E%EE,
| Esgx0U22EROHDOVirtual bid3EEA

Example - Decrement Bid with Generator

Generator in danger of a forced reduction

in real-time (i.e. mech. Failure)

Day-ahead
Generator

200 MW Scheduled Generation
Dec bid 100 MW @ $20

MW * $15 = $3000 credit

MW * $15 = $1500 charge

\bir} Assume Day ahead LMP= $15
Day ahead Settlement (Gen) = 200

6 Real-time
Generator

... Generator produces 100 MW
{D Assume Real-time LMP = $20
Deviation from DA schedule (GEN) = -100 MW
Deviation from DA schedule (DEC) = 100 MW
Balancing Settlement (GEN) = -100
MW * $20 = $2000 charge

Day ahead Settlement (DEC) = 100 Balancing Settlement (DEC) = 100

Net Day ahead Position = 1500 credit

MW * $20 = $2000 credit
Balancing Position = $0

= $1500 credit

Net position = $1500 + $0 || Vithout DEC

FAT) PJM, ” Convergence Bidding Tutorial &Panel Discussion”, BEH2023F10812H, https://www.monitoringanalytics.com/reports/Presentations/2006/20060613-bowring-

presentation.pdf
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[(E]RFEMZFAUKVirtual bid;EREH

® Up-to congestion bidlZ. BED2HEDHAENEICH T EMEES(LMPEEZ)ENEZEUZEREGITH D,
o FIHMBADAMEE CORMARICHULTUZILIALTEDORMEESNIIATEDEREMHNELIVEVW.ERFTEINDIES.
Up-to congestion bidZ AT & T.siHMIGE U7 IVIMILTGEDEZSDINEZEF D EMNEEE,

| @B =RELEVirtual bid:E A

Example DA Settlement — Forward Flow Example Balancing Settlement
100 MWh UTC cleared between points A and B 100 MWh UTC cleared between points A and B
Node A: Node B
DA LMP = $50 DALMP = $75 Node A: Node B
RT LMP = $45 RT LMP = $80
L2 . i%t:,ll\;agle;rgok;w i Transaction does not
uTC (A to B) = (Slnk LMP — Source LMP) Cleared MWh o pomerfom Al uTC (A to B) - (Sink LMP - Source I.MP) * Cleared MWh exist in real-time and
/ B and paying the “relieves” flow on the
UTC (Ato B) = ($75 - $50) * 100 MWh = $2500 (charge) congestion costs facility

UTC ( A to B) = ($80 - $45) * 100 MWh = $3500 (credit)

“Relief” provided in
—_ — real-time was worth
Profit = RT Position — DA Position = $3500 - $2500 =$1000 | moré than the
congestion imposed in
DA and therefore the
UTC is profitable

HF) Monitoring Analytics, “PJM State of the Market - 2023”, p. 115, 2023%1088H
PJM, “Up to transaction”, p.2-4, 2014FE10848 &Y =ZHRAMEFER
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MRI

RKEDZHIZICHIFSBVirtual BidDAIEDIF

o KREDFEFLMBFICH TS Virtual bidDARAIEDIFIELLTDEY,

CAISO NYISO

*
1&"9‘%);3.:L0) Virtual Bidding Convergence bids Virtual trading
-increment offers (INCs)
BANIT -decrement bids (DECs) -Virtual demand -Virtual Load
DA -up-to-congestion bids -Virtual supply ‘Virtual Suppy
(UTCs)
BTIZDRNERL USRS - AVEBDOES
GBI D& e BHEANDEEEDSA
) iy yiAnAOLE (o s REEDE L DI
ZEEI’\J 7 IVEA LTZD X TN\ R STHIZEZICLDIR sIETHSZE 7 IVYA LTS
) S BIE DR EDETR/IME
1) 2 A\ ZET T= R BIATISE U7 IV LTS
E DR EDETR/IME

R BEER L U =SSR
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MRI
PIMICH T DHEMZHDAIEDF(1/2) Apjm

o /—FIH(LMP)Z#HAITSIURIDPIMTIL, RELEZN (Forward contract) FERE—/NGRED" T4 I A" REN
B THOIE" T4V NI &R BRICEDONZRZHNEICE DV THRELZENEZERRICEHAIEDIEE2EKT S,

o /—HIEHI(LMP)ADBITIZHW, FEDLEZHNIIPIMICLDEMUEBEZBEUEMEE R VICEBIND, ZDORH. &/l
REBE(FTR)ICKDTITAIVANBEEVRATLIBE I 74T IvIVBRRBREIRVZYYURIF. FTRICKDERAYI &5F
AT32&ET . HENPETAIANBRAREZNEEDSBV\WFryy 1T O0-—ERE—/NTGHEZEHRNICEVEL. LMPES)
[CHESBAMBIRIZAVITDRICENERDLDICRDIEEIND,

| — 918 (LMP)ADBFHIZICHFZFryy1T70—DE
Before LMP Markets

e o oo

* Electric Rat
. Lo?ncg-rﬁrn? If;ysical Contracts Revenue Requirements Capital Costs & Maintenance

Existing LMP Markets

=) = e

» NITS Rates/FTRs Caital Costs &
Electric Rates » Bilateral/Self-supply Revenue Requirements MaP' Al
Cotracts aintenance

FTR Credits ‘ o LMP Congestion Costs

{A) PJM, “Financial Transmission Rights Market Review”, p.2, 2020548 £Y=EHREHFTAER
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PIMICHE 1 BIEHZHDRESIF(2/2) i

o LMPBITHEDPIMTIE. NENEERZLK (Self-supply, Bilateral contract)ICE>THERIDIHEBANT~8E%E 55
TLWd,
BEHMBICEFRINEZREA I 77— DTARNYFRAT—IRICEWVWT. BIITRTIa1—Ib(Must run) EUTHREITEIER
X .EAHET22.8%(2022FE)ThHhY . LEZHNEELBEULTORV . LT . EEZNEZHELTVWBIERIIEIVLIRS
J1—IVEUTVYRAN I VEEUTWBERTRL, PIMOEFEL - HARBRATI1—IVICRKODTUVDEHRINDIN., EFE
BAEDEARICDODVWTIERIEBEENRNETH D,

| z=A 0t s | PIM-DATBICEBINEREL T7— DT 1 RINYFIF—F R

° N Dispatchable Range
- ARy bl Self-supply XU
=] =1 A Must Eco ($300) $0- S$25- S$50- S$75- $100- $200- $400- $600- $800 - Emergen Dispatchable
(DAI_-E%-’- RTFEiﬁ) BI I'ate ra l' ContraCt Unit Type Run Min - $0 $25 $50 $75 S100  $200 $400 S600  $800 $1000 i M(Vz paPcm:nl

cC 83% 3559 00% 39% 2256 140% 550 65% 32% 03% 0.1% 0.0% 0.2% 56.04%

2018 27.7 % 72.3 % cl 04% 6566% 00% 01% 20% 71% 73% 122% 93% 23% 06% 0.1% 2.0% 41.0%

Diesel 00% 919% 00% 00% 00% 00% 00% 00% 81% 00% 00% 00% 0.0% 8.1%

20‘] '7 26 '7 % '733 % Hydro 838% 00% 162% 00% -00% 00% -00% 00% -00% 00% -00% -0.0% 0.0% 16.2%

Nuclear 896% 65% 28% 10% 00% 00% O00% 00% 00% 00% 00% 00% 0.0% 3.8%

) ) Solar 133%  14% 782% 1.3% 06% 10% 1.1% 25% 06% 00% 00% 00% 0.0% 85.2%

2016 23.9 % 76.1 % Steam - Coal 2550 262% 00% 3.1% 151% 97% 82% 721% 14% 18% 00% 0.1% 1.9% 46.5%

Steam - Other 529 230% 1.2%  15% 420 94% 125% 178% 208% 38% 00% 0.1% 0.5% 71.3%

2015 29.3 % 70.7 % Wind 45% 07% B848% 48% 25k 1.1% 06% 06% 03% 00% 00% 00% 0.0% 94.8%

Other 169% 47.2% 50% 02% 520 42% 02% 15% 149% 12% 02%  0.0% 3.4% 32.5%

20‘] 4 26'7 % '733 % All Units 228% 31.6% 26% 23% 11.2% 88% 59% 75% 51% 1.2% 02% 0.1% 0.8% 44.7%
2013 25.0 % 75.0 %
2012 23.2 % 76.8 %
2011 26.6 % 73.4 %
2010 20.2 % 79.8 %
2009 17.0 % 83.0 %
2008 20.2 % 79.8 %

HAT) PJM, "Financial Transmission Rights Market Review”, p.3, 2020F48 &Y =ZH SR ER
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MRI

RS ES NIOEETE- =

o HNRME. BHFICEVWFELFERWFORET, HigifE - figMg #HieTU7 BITREFERF TSI THKBEIND,

o HEXMZNIIFTYFEEVWFOE CTMBERBZERRITS_ENS MABEFHIAIBRFEET D, Self-Supplyld BXIEZHDHRT
ERRREZNTEED—RBEEZON. RYFEBEVWFRAEA—EFRTHIENS. FTREBEAEDE TERTSETINEDE
NFEIRNERBEALTDICENARELRDETND,

o ZHIEFICIE, BEWLVF(HI:LSE) &5 F (B REFRE) DR T, HifE - Mg - e T 7 - BITREIS EI5 U
LETERDEIEIND,

ENROORHE | o Ianiiic &> T, LSEDMERIIREREE CRE N5,
I o ENHERRIE LTI, SHEASEM & 5 HA - FRERSZM (S ELLT) BMEIET B,
o MR L TIE. BEMA& DM S MEHIAR ICIKTZE LA VT W I 2914 T DRERDTEIETS B,
Ra |l ® HEXZMNTEE SN BEmE U TIE. IRIVF—ME(kWh), BEME (7Y RL IR A HEZELKW), 7Y
ﬁgn’%’ﬁ}ﬁ S —H—E 2D =IBENTEIEL. FNONHEASHEBR TEHINZZEEE S,

X7 VT —EROEXNENIC DOV TILREFEN U E,

Self-supply
EDLLE

o AWML, ENBEER CEREDREERETDIETRET DI ENSLSE(NTE) & UTDFEMEICR
HEEMIIFET S,

o Self-supplyldEIZHDEIFRRTZRETHY . TYFEBEWVWFRE—FHRTHDENSMREEN I R IONED
9 RREIRMNIRRY SO IRMM—ITOMEEE RSB,

HAT) Synapse, “Bilateral Contracting in Deregulated Electricity Markets”, B&H2023F10813H, https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=ad
€9d3a2f4632eec104f08f109d9babbf01305fb, Monitoring Analytics, “2020 Quarterly State of the Market Report for PJM”, EEH2023F10824H, https://www.monit

oringanalytics.com/reports/PJM State of the Market/2020/2020q1-som-pjm-sec3.pdf &YW =ZFHREHERTIER
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MRI
(%] Self-SupplyBENPIMD AT 12— T CiESEE(1/3) BSpm

(1)Self-Supply THIFREBIYV —XA—INEEICSVWT. 2B DEMPREELS VRS
o |SENERZEHREE (Self-supply) LLTOOMWODBHINEFEDZHOIHE RMEMNEELVLRVESIELPIMDR T
TJ1—VTICE>TEREHLU. IOOMWZEHEIT S E T LSEFERENICHERE )Y - XADKREBIASTDAEBIT DI EE

AT
<IXA >
BV —ZANZITRSLMPHEEZE:80(USD/MW) X 100 (MW) 8,000(USD)
« FTRICLEZAYIIRA: {80(USD/MW: ZFZMILMP) - 80 (USD/MW:FEERILMP) }x 1T00(MW) = 0 (USD)
<dRAk>
- EEMOLMPEERE:80(USD/MW) X 100 (MW) = 8,000(USD)
- HREVY—-RAOBBEBIXL:50 (USD/MW) X 1T00(MW) = 5,000(USD)
NetdZAK:5,000(USD)

Self-supply from 100 MW resource |

[

GEN A FTR Obligation 100 MW

A->B

100 MW
$80

Gen credit $80 * 100 MW = $8,000
Load charge  $80* 100 MW = $8,000
FTR credit  $80-$80 * 100 MW = $0
Gen cost $50 * 100 MW = ~$5,000

LSE serves load at actual cost of $5,000

a Uses physical transmission system |

HAT) PJM, “Financial Transmission Rights Market Review”, p.5, 2020F4 8 &Y =ZH SR ER
42
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(2] Self-SupplyEENPIMDRTI 21— FCESEHE(2/3) Apm

(2) Self-Supply THHHREIYV—XA—INEHICEVWT BENEEL. PIMORTI1-UDTICE>TREFILELR OIS

PaN
=

o LSENBREEREE(Self-supply)L. TOOMWDEESEHES,

o RMEMNRLEL.PIMORTI1—IIVIICE>THRBELERSIEHE REVY —XEFHREELZXTI1—IVICHL LSE
FEHBEEERMATENSHEL. FTRICL D T2RMDERNEEAYI TSI T, LSEFEEMICREY Y — 2N T
BiADLMPICTHET S ENARE DD, (COB, 71 INILABBAMMBIFTOTLARL)

<IRA >

© HEY-ZNBHIRBLMPHEEE:30(USD/MW) X 0 (MW) = 0(USD) XREHIIRESL

¢ FTRIZEBAYIIRA: {80(USD/MW: BERILMP) - 30 (USD/MW:EEHILMP) }x 100(MW) = 5,000 (USD)

<JdAk>
- EEZWMOLMPHEEZE:80(USD/MW) X 100 (MW) = 8,000(USD)

Netd2K:3,000(USD)

Due to transmission constraint, ',/
Gen A is dispatched down to 0 MW

GEN A FTR Obligation 100 MW LOAD B
0 MW A->B 100 MW
$30/|I\'{_|Wh $80/’MWh

Gen Credit ~ $30*0MW= $0
Load Charge  $80 * 100 MW = $8,000 &

FTR Credit $80-830*100MW = $5,000 Load purchases, 100 MW from the
spot market because generator is

LSE serves load at actual cost of $3,000 S L L LA

Preserves incentive to follow

Less than if load was served by a physical generator, because the
dispatch instructions

generator was dispatched off for the transmission constraint

HAr)PIM, “Financial Transmission Rights Market Review”, p.5, 2020F4 8 &Y =ZEMZATER
43
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(%] Self-SupplyBENPIMD AT I 12— T CiE>SE5E(3/3) #pm

(3) Self-Supply THEIREVY—X—INGREICEWVWT,. RRBELREV.PIMORTI 1=V TICDTICEIVIRT
Ja—-IlvEIoREA
o ZRMEMIARETDS /—RT. BN IRTI1—IV(RALSVER)EVTRBSIEDSBEE . REBIV—XETIARTA1H—&UL
TRAEBALIVEZVWLMPTERICEEITDSZEICRDEH.PIMDRATIT 1=V TICRIGEELEBRUTIUS<DRE
HNIX~ZEEIT5A8EENH D,
<URA>
E)Y—ZNZITRESLMPEEZE:10(USD/MW) X 100 (MW) = 1,000(USD) XEITRTI1—ILE&UTEERFEN
« FTRICELBAAYIPRA: {80(USD/MW: FEZM[LMP) - 10 (USD/MW:FEER/ILMP) }x 100(MW) = 7,000 (USD)
<dARk>
- EEMOLMPEERE:80(USD/MW) X 100 (MW) = 8,000(USD)
- HREVY—-RAOBBIXL:50 (USD/MW) X 1T00(MW) = 5,000(USD)

NetJZF:5,000(USD)

Gen Ais self-scheduled to
produce 100 MW

GEN A FTR Obligation 100 MW ' LOAD B
100 MW AS B 100 MW,

$50 Gen credit $10* 100 MW = $1,000 $80/MWh
Load charge  $80* 100 MW = ~$8,000

$1 O(MWh FTR credit $80-810* 100 MW = 37.000
Gen cost $50 * 100 MW = $5,000

LSE serves load at actual generator cost of $5,000

LSE could have done better if it had followed dispatch
instructions and reduced generator output to 0 MW.

FTR serves as financial equivalent
of physical transmission service.

HAT)PJM, “Financial Transmission Rights Market Review”, p.6, 2020F4 8 &Y =M SR ER
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KEDEEAT

MRI

15 ICH T DT

0 H-ARSRIUSARKDLIR—FICLDE. BEAREIIXISO/RTONEHIEAHTE (Energy market) =@ U CTHE|-HBEIND
D ISOZENTFTICEANRNEIZTOEETERVNETINTL S,

o MHZATHOHENENE EHBEDRZNICEDVWTHEINSIHHEADF vy 170-HmEREICLDFryvy1T70-0DF

BRICKY EEFLWF vy
BYDBEAREICEKDE

V170-(lBAYY)ZBRIDIEZANICEBIND CORF. —HABDODHENEZHICEINT, 2
na,

> Private CTD: X Z N TTFHESHZEEME (Strike Price) EmHME(LMP) EDIEER D Z. BB TEERE

> Internal Bilateral Transaction:ISO/RTOMTransaction ServiceZflAUT. EATETOEENRIBEESR
BEHNEZNEHEITDI—BICERTEINE, MIGHATIE. FHEHEEZHNMETHEREIND,

o /—YI)HlZEEDAKETI

IR ENEMHE T OHRUCL > THHBMZ(LMP) ICEEZENEET D EMNEEE(FTR) &#f

BNEDICETHBEETDIHNEND D,

HEXZEHNIDRRE
Private CfD

I

. FHEHONZMEE TOMSMEE(LMP) &, &R CESHT=EX#EMIE (Strike price)
EDNEFEERRF I D E B ZEEE

o FHEAECEZAIOHEMEIE(LMP)ICEENRET D26, ERIFNESE(FTR) &HE0
HCERE

Internal Bilateral
Transaction
(IBT)

. AN EREET D —EFIC. [SO/RTODENnergy marketlZxfd 2R EEFEDEERMN
PREEEHEEPIEDIBIHE
HENZNZHFE T D —&F L mFZEE - BRICE O>OTEE - FEICHRDFryvIaT
O—MBEEIN., ZERBTFOHED TR (ZNE X EAEME) =HmiEAN T D

- FHEAIEFEEAIOHSME(LMP) [CEENRET S5 TRIFNEEE(FTR) &850

BCERE

HFr) University of Strathclyde, “Exploring market change in the GB electricity system: the potential impact of Locational Marginal Pricing”, p.48-49, 2023F282H
PJM, “Market Settlements - Advanced, Energy and Transaction Billing Example Module”, p.25-26, 2017F5824H

BRELTUDT LY ZERARERER
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Private CfDD{t#H

¢ K- ASRIUVTARRKDUIR—BMICELDE. T|UWF-BEVWFHETHEHNIZNZHEL. TOHROMWEEEMIE (Strike price)d
KEZERIDIHENEZNNAFREITISEINDS . EVFAIOMEMBEEREMBEDEENRELLBEE. MHEATRYFEEL
FHEITEERZ(CfD:Contract for Difference)f7hns,

o /—HITHHBDHBE. BVFETYFOBOHIBME(LMP)IZEZ (basis risk) WEET S0, ERIFXEE(FTR) & #
HENEZIETHSBMBEZDAYINITNOND (FORIEFTYFNAFTRINAZZ(TERY BEAYIZEITO>TLDIESR)

JES T1OMWhDEANZ. =(RE 2
’f\ . EEMES50$/MWh (FEAIER  LMPLo2d) CTEERE ﬁ ﬁ
IS Mg LMPGen=20$/MWh LMPL03d=40%/MWh
200%= 400%$=
IS TS | 20$/MWhx10MWh ISO/RTO 40$/MWhx10MWh
200%=

gLMPl°ad-LMPGe”) X1T0MWh

FRTUXA

AT 200$ =(E#EMIE - LMPL2aDX10MW) ZBW\FEHS5EYFICTIL
EERE

A

HFr) University of Strathclyde, “Exploring market change in the GB electricity system: the potential impact of Locational Marginal Pricing”, p.48-49, 2023F282H

“electricity derivatives” ,www.eprm.com, Z5&|C =& SR ER
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MRI

A

® PIMTIL. MIGA THBLUIE2BB TOMRNENZHREIT DEHAEULT. Internal Bilateral

Transaction (L. IBT&ERE) EMIEINDZ T —EZANEFET D,

> IBTIE PIMICHER G £ & L 2B TEADB T ELET > REHBRTHBH THS.

> IBTIX PIMDRTI2-UDTICIFRHELEVWEIND,
o [IBTZHRETSTYFEEVFE. InScheduleEMIENSZERAY—IVZRAW. BHDZITEL -BRICHE

ERDRW(RWERR. ENDRITELMMIUFHR. MEIENHE. GEMEB) Z2PIMICKRET D,

o HEINLBHREEIC. BYF BEVLVFHOHENEZNICHRIERABED—HFLPIMENLTITNNSD,

| 1BTICTEST2EE

158 B=
b=, SEUFEBVFEERH
AR XW\WENEPJ MODFEP%;BD%’C“E%%UZED%&
=S IEER eV FRIDHMRIER (Source) & BEVLVFRIDMSIFER(Sink) Z18&E
) mh= | eUFEBEVWFETRITETIREIVSZUENZE(KWh) ZIEE
RITEVENE ->Z<1kWh$1ﬁ'C“EQE%§EX " = i
e E M B TSRS =X 7 IV 1 Ll % ER

HAF)PIM, “PJM InSchedule User Guide”, p.5-8, 2015F681H
PJM, “InSchedule”, p. 2-3, p.17, 201 7E58238 LY =R EAERTIER
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Internal Bilateral TransactionD#E& 21

e PIMEAHEICKLDEIBTHEII3ERED JO— %2R ETHRYFNASEBEVWFICEANZITEINSD,
FTWUFIFIEELZSourcett RICTPIMMSENZRZEL (Withdrawal Purchase). ZOxffi& LT
EE|IEXSourceitt RDfEZRUZIBTREZPIMICKI D,

FRUFIEZITRoEENZ. BEVLWFICERITEYD,
QEBEWVFFIEELESINKMIRICTPIMAEANZZITEU(Injection Sell). ZDOxiffi& UTEEIZE XSink
MEDMEEERUEZIBTHEEZZ (TR,

o TUFEIEBNALIBTHEXLWAZELSITSTIN. BEVFRIEEREEIBTHERIMNELSIEIND,
TDEOH. FEYFEBVWFOEKRFrYY21T70-KX RENICHBADENEZHNICEIOTERELIN D,

| s EHNEI S LCIBTREIOJO— - Fryy170—
HWREBHICE DT . BHEHEIC

55YF (Sourceiths) RNBMERUEEE B \F (Sinkiths)
» mZHN CTHRE /\ /\
) S ——— ; n
4 QFTYVFEHISEWFADEHNZITEL I 1
- I
[SER=1 | =5
REE | | mERA | : NERE | |mBpe
S HX : gHhHJO0— —> : 323k
— P —— 1
DPIMHASD | ; fmm > | ®PIMAD
=@ I o Frvrao0-— =z, [t
- :J;.I]E 1 I BT*@I_% I BT*SI'E : ilj- IE lJ
(Withdrawal : =, =y 1 (Injection
Purchase) : : Sell)
\ 4 v
PJMDENE TS
AT PIMIB Y E DEIS ERIC =SRATEAER KL SEMRESNREUR VTSR — R EBEUE . EEOPIMIZS T BEE] Tld., {aRHEENRET SRS 3 AICBENUETH S,
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I8

G

Internal Bilateral Transaction|CBEd 28 &S

® FERCICLDE.PIMIZHEWVWTIBTIF—MRHIREE|ITIEE<E>Tc&ETNTLD,

> 201 2FICFERCICHUTTI (MBRHREAZHR > TUVLWRW) L —F —NIBTICESIMNT B E T HENE
ZEHEELTVWBJEEBMRBLIITONZEICELY ., FERC order(g_TFIBTII&ab@%EﬂU%&Eﬁ%#D%
BICOHEDONDIEEDONTZ. TED=H. LLEIXIBTZREU CEHEMNREE|I Z1TOE AN —F =N
N IREIYENREAZR > TLRVWRYIBTE TSRV EICRD>TWV S,

o REXEVBALTUIIICHEVWTIBTZAHWVWRVWMENESG(ZERE: Contracts for Difference) %
BREIN TV, U L. E7ZD DI EIEZICK D THMES|IDERHECRERICHEENA SN, RS CRHERE
ENEoNTULRV, CORIF. SEEEMFABENNETHDIEEZISND,

> R IR EDERCAVIREIOER. HIENHHVPEREREDRARMERE

AT BA LT T EEEIC = EMATR AT ER
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[£%]Internal Bilateral TransactionD{E&EH

o PIMICHREINLIBTICDOWT., T|YFAIIEZSourcett 2 TOMEZ=PIMICZAL(Charge) . EVVFAEIIE
Sinkit R TCOMEZPIMMASZITERS (Credit) C&E&ERD,

® TOHTIF. BEVWFRNBHD/NGEEE(Load) ICXH T2 EEIBTTCOZRENELSITIN, EKREA
EXHASHHNREINTLVD,

o HWEHWDTYFEEBVWFDRHEICIZPIM settlementiZBEEE T THENADHETEZNICE SV T2EMT
BEIDNENDH D, FERCOPPIMIEIZCOHZBHNDEE|ICIXESULRL,

| internal Bilateral Transaction D&l

Settlement Summary| iasswoE | \F

ERSESROLPES

Seller (ComEd)

Charged at Source:
(200 MW)($20) Financial Settlement
m Between Buyer and Seller
(External to PJM Settlements)

Buyer (PSEG)
Credited at Sink:
(200 MW)($25)
Total IBT Credit: $5000
Explicit Congestion/
Loss Charges:
(200 MW)($5)
Total IBT Charges: $1000

INGSEE(CHT IBE Total Credit in IBT: $4000

Load (PSEG) '

Charged at Load: . PSEG Total Charges
(200 MW)($30) | $2000

Total Load Charge: $6000

ARENIC L DBER

HATPJIM, “Market Settlements - Advanced, Energy and Transaction Billing Example Module”, p.25-26, 2017E5824H

“electricity derivatives” ,www.eprm.com, Z5&|C =& SR ER
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1. BIREEDIERFICEAITIRAFDHY A

MBXNZZXLDRATDOIZILW(TYTITH)

Copyright © Mitsubishi Research Institute



MRI
PIMICEFE7vTITE AP

o PIMTIX. RAEFEBLUSEDRUYV—INVTARANYFRESICHVWEAEZ L FTERZE ZRRICBEVEIRMNEVICHSE
KEANEYICHEIND LD . MEBEANZILDBATOZILWVWELTPZY T ITR(Uplift) BRRIFENTLD,

o PYTUIREIPIMDTARINYFIEBICHOIAVEITATHEE R >THY . CNICKYENRBDEBEME LRI TIZE
ERMMERENTVD,

e 7y SJIKIEMake-Whole Payments&Lost Opportunity CostIiCkYUEBBRINS,

® PJMIZoperating reserve®&E.reactive services#&E.synchronous condensing#E. black start

= =~

servicesfpl&EEULTPY T IO WETD,
Make-Whole

Lost Opportunity

Uplift — +
P = Payments Cost
> UY—XQOWREN BEE(EEBIXAMCREER > UV =D T4 RNy FRAVMDRF ERALIC
HEFIZAN Z2C REFICHNDIHBERZ N BOTLWRW(KRSBEANSD)GEICRE

N—HEREWSEICHE

I BaMEIIR Make-Whole Payments T

=] -_ N 7.\ _
MIZAFKRFICHELRIER - » Whole Paym
" 37 r‘ﬂ*%
LMPTC#H | Fﬁ| it
' L P Bﬂﬁlaa,ﬁ\
ORI+ | OELBRHIZ- | OBREaFgBEIR 5|lHTNS e
($/#28h) ($/MW) ($/85F9) el ma
= A BIE
' == 2E- i
O/ =
e —— SIEE RS
— TOEE
’ EE EF % BR B8 B8 EE B % 5% 8 SE|EE zhs
A B C D E F A B C D E F|-
h 9 #

HAT) PIM, “LMP Calculation and Uplift”, BEH2023F9A14H, httos://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-lmp-calculation-and-uplift.ash
X, OCCTO, “M&#E(SCUC) OV v Y MEEE(LMP)OYw2IZDWT”, FEH20235F9814H, httos://www.meti.go.jip/shingikai/energy environment/oroshi jukyu kento/pdf/003 06 00.pdf , Monitoring Ana

lytics Report , “PJM State of the Market-2022", https://www.monitoringanalytics.com/reports/PJM State of the Market/2022.shtml &Y =ZHAEFHZEFRIER
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https://www.meti.go.jp/shingikai/energy_environment/oroshi_jukyu_kento/pdf/003_06_00.pdf
https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2022.shtml

MRI

UpliftDiEsR & ERMERER -BEAE B

o Upliftld.PIMDT A ZXANYFIERICIKVEBENOREERZMEINSDEBF/INETH D CENERRVIFES (Make
Whole Payment) EQmMiEH S DEBIRENE D UGS (Lost Opportunity Cost)IC. HEFXEEICHLTIZILHOHN
Do

® Make Whole Paymentsl&. Day-Ahead Make Whole Credit&Balancing Make Whole Credith Sl <
Nd.

® Lost Opportunity Costld. HHD T4 RNV FIERICHWVW. RELANFHOEELVIETUEZGERICZILONSEEIE
KERATHY. COERIISHEICETEINS,

7YV ) I NDIESR BIE
® Make Whole PaymentldPJM®D T 1 IV FAERICEVRBILIZERNDOE., F
EAAMTHENSDESINEZ FE>ZERICTHU TR HOND,

Make Whole > SBIZMNIE TRLF—D 2D TRR<EBRCRESH#EIZ NS AEN D,
> BER&ICE IRIVF-—HEh oD E 7 IS —H5GICHIT R Y MBI EEN D,
Payments ® Make Whole PaymentldDay-Ahead Make Whole Credit&Balancing
FHERAOARERD OFHAZ B Make Whole Credith5#mE N3,

> Day-Ahead Make Whole CreditlZaiEHMZICHSIFTDAFICE DV TSI ON S,
» Balancing Make Whole CreditldZHMERICE D\ T HOND,

_ ® Lost Opportunity CostlZPIJMARIATIZICH T, HEMEELZERIEFR
Lost Opportunity [CHEVWTEHEES BN >1ZBAIC. FOERMEULZESNEICTL TEHIWVDONS,
Cost > REELUEEROBENED T BERE U TIL. EEORD ORISR | ORI0IC LS ftha
A, LIV I RT D 1— )V EBEDREEIEINRE TH D,

%%%%ﬁ;é%;#%gfﬁfﬁﬁﬁ ® Lost Opportunity CostlEPool ScheduledERNDHHZIFERD Z &N EES
ETH Do

HiFT) Monitoring Analytics, “2022 State of the Market Report for PIM”, FEEH2023%F10813H, https://www.monitoringanalytics.com/reports/PJM State of the Market/2
022/2022-som-pjm-sec4.pdf. PJM, “Operating Reserve Make Whole Credit Education”, B&H2023%F9H829H, https://www.pjm.com/-/media/committees-groups/commit
tees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashx. PJM, “Operating Reserves Education”, E&H2023F9829H, https://www.
pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-operating-reserves-education-presentation.ashx &\ =ZHREMFEATIER
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https://www.pjm.com/-/media/committees-groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashx
https://www.pjm.com/-/media/committees-groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-operating-reserves-education-presentation.ashx
https://www.pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-operating-reserves-education-presentation.ashx

UpliftOREE

A

ETDOE

o UpliftOREZRIILULTOBEYTHY  PIMTREBZEZRDBEZLLTOLDIC

BELTWS,

UpliftEEER BZE
il REREMNTIS YK U, Fq RS F I BB R 52 B E I LR
Congestion
wmE BT READZELEFICKY, EEENTACEUKER DS SEOT7Y U INRET SR
Demand &Load Forecast (PJ Tliﬁﬁg?’/ﬁl]tiﬁﬁ%%%n%n“ﬁﬁ)
Z21RVE

Emergency Procedure Events

RRDEREZEIRRT S72HIC PIMICL 2R RBREFOERICLUFRESE

HERHISETANT—F

Generator Market Offer Data

FEEBMDER /T A—5 (RIGESHE. BEHDEF O E) [CLU 7Yy TITNHEE
(PIMTIL REFFRAEC L DHIHMIZDTE AN DFZFREICAR)

PJMig4 & DENRLE PJMENNE SN RREDENEE IDNEENRFR/N SV RICHEES A BRICL>T7YTUTH
Interchange DFE
PNSALRE Tl TP LICBH BRI —RE FRNDBM &5 T =D OIRIC LY RE
Real-Time Load & Reserve Megawatts
sx{mfF.LE EEHDVIEIFHEERED E+E9+1?Jtlu.$") ERRMEHET DI BIMDFEENNEE LD ETHE
Outages (XPIJMTIIHEZRRFD NJ%E&%[//\)D—CIKQ< EHNUIIRRETOREFEIET 55 AF)

BmAEETIR—b

Reactive Voltage Support

EBRADELSH D WVERBREEIC LV EEDREENFEEL. TDFIED=0 I ENEHADFHERH
=1xEd D& reactive servicesBlENHMNY . 7y U T DIEKRICEN D RTEEN

TIVIRTI1—IVEIR

Self-Scheduled Generation
Megawatts

TILIRT I 2—IVERNPIMDUTPIVIA LT 4 Iy FOTSESICRHEESZ D EICIURE

HAT) PIM, “Drivers of Uplift”, B&H2023F9814H, https://www.pjm.com/markets-and-operations/energy/drivers-of-uplift.aspx
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MRI

UplifteRITIRSEFIZH I SERODEIE &1

o Upliftz=ZITRB3EFIEZ. TAANYFDOLBEEREFHDRFHEICISU TUTOLDICEIEINSD,
> 7= RTI1—-IVERIETAANYFDRFEICEANS T . UpliftZRITRIEFEF T D,

> CIVIRT U 1—)IVERIFPIMICELD T« XAV FrREEGEHE (Dispatchable) WL TOH. PIMASDIERTHAZ
TIFRCETHEERNMNERELREGS. Lost Opportunity CostZa=Z (TN HEMERF T D,

| UpliftzSTmaEHOE E

B TRTS 1— IS _”’Z’”ﬂ V& "E/
FEE AN T — = ~ l\/— PJM@T’(X/\‘J} Tlt—1 DEg =5
(RBRDI=YPISYPXZ eI (PIMBRI =y RIS kX R 2H)

Make-Whole- Lost Opportunity Make-Whole- Lost Opportunity
Payments Cost Payments Cost

T A4 RINVYFDE

(L 728EH)

Block Loaded
Economic Min.ZEconomic Max. ﬁa\}\ ﬁ!}\ ﬁ ﬁ

ZR—ETERLLGS

Economic Minimum

Economic DispatchIZfELVanSE 70 700N ﬁ ﬁ
ETI 3/ \DENBELEDGE

Dispatchable
Economic Min.&Economic Max. ﬁ\}\ ﬁ ﬁ ﬁ

DOEDENETT A RINYFEINLBEE

HiFfr) Monitoring Analytics, “2022 State of the Market Report for PIM”, E&H2023%F10A13H, https://www.monitoringanalytics.com/reports/PJM State of the Market/2
022/2022-som-pjm-secé.pdf LYW =FHREHEFRIER
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Make Whole PaymentsICxid 3%\ E|

DEtE

MRl

w4 Bpjm

® Make Whole Creditld. #EIZYERT A ANV FHERICIUBREBULERIC. TENSTBONDIPRECTEAEEIRNEET

B TERWVEEICERIND,

® Make Whole CreditlZA TOMDEY . EFECPRELEAFOIXMESFATZHBIAMEIRIVF—THZET VYT - —

EXMHENSDEBNEDENZEICUTETETIN S,

® Make Whole CreditldDay-Ahead Make Whole Credit&Balancing Make Whole CreditD2fB3E CHEK T

ns.

> Day-Ahead Make Whole CreditlX1BEBEBOERA LT, Balancing Make Whole CreditldsaEBNE&EREL

TEHEEINS,

I Make Whole CreditDA4X—Y

Make Whole Credit = Cost minus Value (floored at zero)

Cost

Cost = Total resource offer amount
Revenue for generation, including startup
(Value) and no-load costs as applicable

Value = Amounts credited in the
energy markets and net profit
from the ancillary services
markets

HiFT) PJM, “Operating Reserve Make Whole Credit Education”, FZH2023F9H29H, https://www.pim.com/-/media/committees-

groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashx
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Day-Ahead Make Whole CreditDit& A%

e PIMARIHTRICEVWTHEBEELEZEREDSIS. ZOEBERNMANS VI VIHBICEVWTIEESIN H B HZIEE S NIRRT
2T TCIRHTETZBAICE>T. Day-Ahead Make Whole CreditldXhthns,
® Day-Ahead Make Whole CreditlZUL TOHERICEDVWTEHEIN., 1TBEBICREIRNEBNEZEETET D,

o RFEIXRMEBNRFITHDHEZARL. TOERZUpliIiftEREVTIHEICEREZT D,

IDay-Ahead Make Whole CreditD&tE7E

Cost Value
)

| 72 (Hourly Day-
Day-Ahead — Ahead Offer -

Make Whole Credit including No-
Load + Startup)

Market

Revenue

(Cleared DA MW) * (Day-Ahead LMP)

Day-Ahead Offer based on committed offer and cleared Day-Ahead MW

T PJM, “Operating Reserve Make Whole Credit Education”, FEEH2023F9H29H, https://www.pjm.com/-/media/committees-
groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashxc. PJM, “Operating Reserves Education”, B&EH2023F9829H,

https://www.pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-operating-reserves-education-presentation.ashx
57

Copyright © Mitsubishi Research Institute


https://www.pjm.com/-/media/committees-groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashxc
https://www.pjm.com/-/media/committees-groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashxc
https://www.pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-operating-reserves-education-presentation.ashx

Balancing Make Whole CreditD&t&EHE Apjm

~

1

® Balancing Make Whole Creditld. 598D U7 IIMLDIRIVF—IAAMERBEBEHREIASEUTCEEL. NS

VI e - FEAMEE-SFRAMESZER/INEELVL TS BICEET S,
o REIXRMEEBRERIEIXVMBICHEZHEL. TOERZUPlItBEREVLTEIXVEEICKRET D,
o CIXINITEIXINMERITAVR2ICHEINSD,

> BOXDURMKTRIBICHST2IIYVME I ETRERBEBIOVWINARSVANRATINDS,

> BOXDVR2IX EIX VN OKEZBBRT SREICSITS5080KEIY

| Balancing Make Whole CreditDstE 5%
4 T
Balancing — nne > Cost
Min| O,

Make Whole Credit ~ e

segment

588NDU7INVIILTOIRIVF—ERDAE EHE
(X12%9 L BaHERAE LRY) (EIX VM OBER)

58807 IVI1LHBIRADEE 53 8MDReservelll A + EIEHIRAD G

Value M - |
YEBIN A gIE ISR A Day-Ahead Operating ReservefiiE%a
(KETAITOHER) (KEITX VN OBER)

HFT) PJM, “Operating Reserve Make Whole Credit Education”, FZEH2023F9H29H, https://www.pim.com/-/media/committees-
groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashxc
58
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MRI

Balancing Make Whole Credit®OtEId X RIDOEE 20

® Balancing Make Whole Creditldt I X UrRI(EIX IR -EIXIR2)ICERABEZITY.
> TOXMNOBEE. IHBERTCOOIVMXIMEEIZIYMIUMNSOR/NMNMEEBEORTVWVANRERAINS,
> BOXUR2. B X UM OBRBUBEDOEBMBERTHY 598IC5HANITTHNS,

o THMIZGA. I X1 TIEMake Whole CreditDEBRIFFHEELVRVWN, BIXIR2TIEREET DX EIXIMT
DEMARIEIEI A2 TOERXDSDFHEEICEFERAINGRL,

| Balancing Make Whole Creditdt 5 XV Rl

i i - = UPILSAAICENTORRIEIL. 5548 HE
@ REALTIME DISPATCH | *+ BT XIF2 B CRT I 1— L. 2B TILIA LT 1 R
(beyond DA award) INYFCHEDT=,
. ) B ORI BETE TR T 1— LS N ARSI
EEDELSIC gl
éE';/ \73\\ X RV A v g ° -4 =
o g e ’ fi% i B BUXIR2A TS LTA RIS FIhE T 285
$75 offer Sl = DHZH,

"""" e B ORI EETA TN 2OENENICS W\ TREES
it o DERYERNEEEEEL. BT AV EICRYRNER
hours MBalancing Make Whole Credit& UTHEINS,

2 . (XERTIESegment 21BN T UPILS1 LEEH
' 8 1 13 THE: 107 —{E#& % FE > TL\B =0, BRYRNERNRE)

AT PJM, “Operating Reserve Make Whole Credit Education”, FE&H2023F9H29H, https://www.pim.com/-/media/committees-
groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashxc
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MRI

[Z2Z]Balancing Make Whole CreditDfEEEFIH#1 B

o ERNAIAKRKRTOEDIETHEILEGE(TR)ICE UTOLIICEIAVRN (BR)EEIAVR2(BEB)DENETN

ICHITSREREETET D,
> BIAVRITIE. DA LMPZREICUEESRENFEBEA (ALARNAR—2) 2 LEZ D FEINR,
> BIAUR2TIERT LMPEEICUZESRENREEAZ TEZ720. $36,0000FHINS,

IBalancing Make Whole CreditDOiFERAGZE(segment2 TOREZTIIESE)
EEDLS CERNAREBLEES . -

B oy aneno awaro T BTXIM 20 X2/b1:Day-Ahead Schedule
LI reactive oispatcr | =+ - BT X Vb2 ® DA Value = (16 hours * $100 * 150 MW) =
(beyond DA award) $240’000
| | ® DA Offer = (16 hours * $75 * 150MW) =
. Unit running at 150 MW $180,000
_IEEEIES$0
- ~ RTLMP
SvbAE ' X2 Extended Period
_____________________________ . 675 offer ® Balancing Value = (4 hours * $25 * 150MW) +
eps 550 RTEMR : (3hours * $50 * 150MW) + (1 hour * $110 *
RT LMP 16 hours 150 MW) = $54,000
3 ® RT Offer = (8 hours * $75 * 150MW) =
) ) . $90,000
o . ® FEEEA: $90,000 - $54,000 = $36,000
1 4 7 23 24 (hour ending)

HFf) PJM, “Operating Reserves Education”, BIEH2023F9829H, https://www.pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-
operating-reserves-education-presentation.ashx
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MRI
[Z2Z]Balancing Make Whole CreditDfEEEHIH#2 B

o EFRNAIHFRCOGENAIERTRELABG (TR)ICIE UTOLIICEIXIM(BR)EEIAVF2(EEB)DENEN
ICHITSREREETET D,
> BUXYMITERT LMPZEICUEBRENFEEER (AMLABNA-R)ETEZH. $75,000FHEIN.,
> BIAVR2TIERT LMPZREICUEESRENFKBEAZ LEZRH. FEINRL,

IBalanCing Make Whole CreditDfE&EHE(segment1 TOREZITIES)
EEDLS ICEEIARBLIZES. -

] MIN RUN TIME =4 HOURS| e e e ZH X UM tﬁ‘XDhl:Dav-Ahead Schedule
L reactiveoiseatcn | ..o k2 ® Balancing Value = (2 hours * $100 * 150 MW)
- + (2 hours * $25 * 150 MW) = $37,500
® RT Offer = (4 hours * $75 *150MW) =
_ Unit running at 150 MW $45,000
P'ilt\:om $75 S100 ® *%E%EE(;M
e v eans. RTLMP
------------ oo Z;’fir I X h2:Extended Period
—_— ot UAAp e ® Balancing Value = (2 hours * $75 * 150MW) +
2 hours (2 hours * $100 * 150MW) = $52,500
2 hours ® RT Offer = (4 hours * $75 * 150MW) =
= 1 ’ $45,000
1 3 5 7 g % e FEZEILS0

(hour ending)

HAT) PJM, “Operating Reserves Education”, BIEH2023F9829H, https://www.pim.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-
operating-reserves-education-presentation.ashx
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MRI
Lost Opportunity CostDEtE A X Apjm

o FIHMBICAVWTHEAEESNZERN. UPINIILRERICEVWT. EEEDBRANSPIMDIETRO T CHEARTRELEELT
hnizHZElCLost Opportunity Cost(LOC) EUTHESEBELAERNFHEINDS,
> REEOLANHEBICPIMICEDTETFINZIEREFEZEDH LD CRATI1—IVERDEBEULDOREEFTH D,

o LOCIFEDEHERDLIICEDETICHEBEIN. BERDIBE(EELIVENEZEIRE)ICIEIS0OELTEHEINDS,
> BERDIEFERICEVWT.LOCIESOERDCENSNBE R ZEBEDIHNSELUSIKZERFBV, DFY . BEIESASTICIT>TLVBREEZOGND,

I Lost Opportunity CostD#BEX

Lost Opportunity Cost Credit EEEg) ISR L 7=
RT LMP %B%O)%?EE - :E\Eo)%%g LM Pﬁ*ﬁ - %%jzh
$60/MWh _’ """"" ; LOC Deviation MW
: : S-Minute 5-Minute
S-Minute Real- Revenve Date Real-Time
$50/MWh Total Lost Opportunity Offer Eesﬁlm.w, - x Ll !]
$4OMWh | emmsTasyrLEARL 7 =
—— T4 XNV FIER RAKH ARF IR D
$30/MWh ~ — ESABEDLMP el
[CKD>TRE (A
$20/MWh
LOC Deviation
$10/MWh T o LOCHSAHSCHENTOHNG
o LRNRTYAFROME(BELY BIGIERBE
100 MW 200 MW 300 MW ) o EFZAICIE $0E U TEIRTINS,
Actual Output Desired Output
LEOEA MARETOREEEA
LEFGDOZAER

(300-200) X (60-40) ~2+12= $83.33& %23,

HAT) PJM, “Lost Opportunity Cost Credit Overview”, BIZEH2023F9829H, https://www.pjm.com/-/media/committees-groups/committees/mic/2020/20200708/20200708-
item-06a-lost-opportunity-cost-overview.ashx
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MRI

UpliftER DR 31

o UpliftBAIFFICL>TEHTAIN. EFIZHLFI00~2008ARIN(IRIL=150MHBETHI50~200EH) D&EET
HREZELTLS,

o PIMD#EFHEXKER(Total PIM Billing) ICHE®H B UpliftlbR(E 2000FNIET10%ELAF T TV, FHAITHEDERICSH
W20T15FLIREIET %L T THBLTWS,

| UpliftBAOEBEPIMICE T ZBERBICEHZUpliftEADLLE(2001-20225F)

$1,000 10%

$900 9% _

X

~ $800 8% i

;LQ $700 7% g

i  $600 6% =

& $500 5% f(:a
A

N $400 4% B

I\ ;|

S 1)

f; $300 3% &

S $200 2% Hﬁ

<G

$100 1%

$0 0%

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

7y D NERKEE ~O-#REEREBICHHD 7Y T IRERDER

¥Monitoring Analytics®annual reportiCEBEBINTWLWBUpliftEBICEFHNAOSND 0. mFDannual reportZ&IC/ERK,
HAF) Monitoring Analytics, "PJM State of the Market - 2022, p. 285, 2023F389H &Y= EMHZAR1ER
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Upliftfs:

' S|

EER & IR AR

MRI

® Day-ahead Operating Reserveld. BEIFHEZETOIRMEDBTVWRAREZHLICHEINTVD U IVIIALICS
(FTREEEORBEICHNT S5 PIMIZEconomic TIRABAVERZaETS CREIMERNATRETHY . EEEZFDRYIRK
NHAFEEUREICUpliftELTHESINDS, (FRHFAEA)

o MBIy —E U (Combustion Turbine) X UPINIILTERE - FLEIERNARETH D, TDIH.PIMDT 1 X IVY FIER
[CRED>TUPIVIMLTEFUHER. MG EDMRBME X 7 IV LMBICHEIN, AENERNREE TS AERENH D,
FEAEBMBTCRTI1—IEINEERPPIMOUTZIVIALT A ZANYFICR>TENET - FLEULESBEIC. RTT1—IUE
DBEEBUTUWNEZITRACENTETLBSERANRE TS TNoDERIEBalancing Operating Reserve& UTHIE
INd. (FHREZA) -

| UpliftEEEEEAILR(20224F)

Day-ahead
Operating
Reserve

Balancing Operating Reserve

Black Start |Synchronous
Services Condensing

Dispatch Reactive

Local Differential |Services

Balancing Canceled

T e e Constraints [Opportunity|Lost

Control Opportunity

Cost

ﬂj’a‘;{/;é% 10.3% 12.4% 0.0% 0.0% 9.3% 29.1%

BRES —E B 1.5% 75.2%) 0.0% 38.5% 83.5% 36.2% 33.7% 65.5% 0.0%
F4—OIRE 0.0% 0.9% 0.0% 3.2% 3.4% 0.4% 2.2% 0.0% 0.0%
KHEE 0.0% 0.0% 0.0% 0.0% 0.0% 24.0% 0.0% 0.0% 0.0%
BFHEE 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
AELHE 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 0.0% 0.0% 0.0%
SHRE(GR) 48.0% 3.0% 0.0% 0.0% 1.6% 7.4% 32.1% 0.0% 0.0%
SHRE(ZDH) 40.2%| 8.5% 0.0% 0.0% 0.6% 1.2% 32.0% 0.0% 0.0%
BAHES 0.0% 0.0% 0.0% 58.3% 1.3% 1.6% 0.0% 0.0% 0.0%
&t (EHRI) 58.8 181.6 0.0 3.2 39.8 4.5 1.5 0.5 0.0

HFfr) Monitoring Analytics, "PJM State of the Market - 2022”7, p. 278, p.280-281, 2023%F389H LY =MW ESHERRIER
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Uplift&B S EBMWERDRIERE

' S|

MRI

A

® Day-Ahead Operating Reserve.Balancing Operating Reserve. EME N —E X FAHEFEAEY—EX,. T3V
DRAY—b—EZOEBRICUpliftEUTHIEBEL,. MBS NAICTOERGHEZKRH TS,

ERIEER
(2022%)
[BARI]

HIEZRD
CEILE= =k

WIERORESE

ERMEOEVERZETIRSIC, IIEMEHICHS

+ Day-Ahead Operating

(FERS)

Condensing)

EH

Day-Ahead WCTPIMMARTY1—)LUIZEIRD S5, /iH Reserve I FE (%1 DT PR
Operating Reserve | 51 585N SIRANRERAE FEI-15 588 | . Load Response R O DL I
AlCmEINZER + Unallocated Congestion -
_ PN — = _ (RERED)
ERIEDBVERE(TS72Ic, UT7ILI1LN + Reliability RTO- M COEREND TPICHUT
_ HCPIMDENIE R CRAIHR 7T 1—IL5 THHSINE NS BIUR
Balancing DEHEE) [CROTZERICHEV T, AIEHMRIX 229 1
Operating Reserve | A\ U7ILI1LTIZIRA. 7T —F—EX ' (RRERIE)
R 5BSNBIRANFKEIZ MOKAER ; Deviation %fg%ggfwggﬁﬁgzmgﬁ%
= JE A —SEE + Load Response BEEFREDHEDTHMEICHU THE
ZTESBEICHIESNSER ,J/;;m%%ﬁ@%my(xz)
E%Eﬁ . - Reactive Services (%g’%j\)
H—EXER EWENT-EXICHUTHESNSER 1.5 | " Charge ABY — VB BRBRDITICIS
(Reactive Services Credit) UTHmSmaEn SEi
TSYORY— — — (—HFRERED)
2B TSV IRI—MF—ERICHUTHBEINS & 0.5 | ° Black Start Service MWED BEEOEEFEREICHL T,
; 5] . Charge Network X U'Point to Pointd*&E
(Black Start Services) FTERH OB
E— EFEEOEVERZITORDIC. EMENT— R
RIAAERAER EXXIEsynchronous reserve IANDER 0.0 | * Synchronous (gfg‘oﬁ) PR TS SIS
e oo CRMRERESEZTOBRICHU CHEINS - Condensing haaieies SHAS

(=200

X1T:@EAMB THESNZdemand bid. Decrement bid(Virtual bidd—#&).

PIMEBIANDHBNEEN D,
X2 R AMBTHNESNIZREE-EEE. Virtual bid(Increment offer, Decrement bid)ICXT 3. UPILIILEDTEEE (Deviation) R EL D,

HFr) Monitoring Analytics, “PJM State of the Market - 20227, https://www.monitoringanalytics.com/reports/PJM State of the Market/2022.shtml . EEH2023F10H13
H,PJM, “PJM manual 28: Operating Agreement Accounting”, p.12-13, 2023F9H21H kY =ZHREMIFTIER
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MRI
BERCUZIVICALTRICH T2 7YvIUIJNERDREE D O— &1

o FIHRUUZINIAMLTMBICEFTZD27YTIINEREZDXLWERE . 7Y TUINERDOBEEEEKRUERDBIUSEFLLTD
=ZDBYTHD,

o EFREVTVYIURLRARUZX(Economic Load Response Resources) | I 2REEBSZODRYBNERIIFIBRVCUTZILIA L
MBOENETNICHLTTZY T IFEULTZIOND BIHMZICH T E27 Y TIITRERIFNTOKWhEEETORS IS U,
D7 IWEALTIZTIRNEDOKWhEERR & UV —XDEEENSDREEES (deviation) G0 THIZESMENEERT S,

EREHE <ILVVSE REIEE REAE

- Day-Ahead Import .
Day-Ahead Operating Reserve . . Day-Ahead Operating
Transaction/Generator Transactions and Generation Reserve

Resources
SR St STSSS S FS S — - o s .
EIl=hik) Day-Ahead Operating Economic Load Response ~ : —> Day-Ahead Operating FEET?%%;%T%%&E&&JI?
Reserves for Load Response Resources : . Reserve for Load Response : =" =
Unallocated Negative Load Congestion Charges .
Unallocated Positive Generation Congestion Credits Unallocated Congestion :
' Balancing Operating . RTO-#s CHOEEBDIITICIHL
Reserve for Reliability | TS INEN SEUX
. . =P e =
Balancing Operating Reserve Generation Resources Balancing Operating ﬁﬁiiﬁ/g%@aguﬁﬁﬁﬁd)z’{ _
Generator Reserve for Deviations | 21T VEEETHREDEOTEE
T U mBs AN SR
. Balancing Local Constraint BRINDEEEHSHUR
Balancing Operating Reserve Dispatch Differential Lost Balancing Operating . RTO-#HB TCHOEFEDVT7ICHL
UPILAA L Generator Opportunity Cost (DDLOC) Reserve for Deviations | THESIMENSEUX
% Balancing Operating Reserve

Startup Cancellation

Balancing Operating Reserve
LOC

Balancing Operating Reserve
Transaction

Balancing Operating Reserves
for Load Response

Economic Load Response
Resources

Balancing Operating
Reserve for Deviations

Balancing Operating

. Reserve for Load Response

| BEISSMEONATEOR Y
 J1-LBEERREOBOTEE
| CISU TS S IIE D SRR

{HAT) Monitoring Analytics, “PJM State of the Market - 2022”7, https://www.monitoringanalytics.com/reports/PJM State of the Market/2022.shtml .BE&H2023F10813
HPJM, PJM manual 28: Operating Agreement Accounting, p.12-13, 2023F9821H &Y =M SN EFIER
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MRI

[&ZF]UpliftEHSEEM(Operating Reserve rate) &1

0 2022FICHIFBUpliftERICHITSIMIGSMEANOERSBEM(ERTIT) IILULTOREY,
o FIAMBDRT I 1—IVICHITBRDIPIVIMLDREE - REEEDREE=(deviation) XTIV THBBalancing
Operating Reserve for DeviationsICEBIN3BENAREE L,

> Balancing Operating ReservelllZFRTOIU7EKICEEBINDIEME . M HIHISICERE SN2 BMNEFET D,
ZIFPIMODEastittissMEEZEDIHZAE. RTO Reliability&sEast ReliabilityDEfE=8E5UL. EEE(MWh)ICEU B

ECERBHEBENGFEIND,
| UpliftBmaESEE (2022%F)

5E | B {IX 5 FAIEIH (20224)

Day-Ahead Operating Reserve | Day-Ahead 0.062 $/MWh
Day-Ahead with Unallocated Congestion 0.062 $/MWh

Balancing Operating Reserve | RTO Reliability 0.090 $/MWh
7 (R East Reliability (Regional) 0.025 $/Mwh
West Reliability (Regional) 0.002 $/MWh

Balancing Operating Reserve | RTO Deviation 0.269 $/MWh
o DERvREns East Deviation (Regional) 0.133 $/MWh
West Deviation (Regional) 0.009 $/MWh

Lost Opportunity Cost 0.131 $/MWh

Canceled Resources 0.000 $/MWh

Dispatch Differential Lost Opportunity Cost 0.005 $/MWh

HA) Monitoring Analytics, "PJM State of the Market - 20227, p. 278, 289, 2023F3H9R &£V =FHLAMEAR{ER
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MRl

(£ ]12014FDERICLDPIMTOFRV2BEH

® 2014F1RICPIMEATIEZ=EDERNEEXL. —EBDEK(TA6HA~9H) ICHVTIEEHEMSEIERMN20 %Ll E%Z 5L 8%

L7z,
> REBERODZ<E . BRICHIBTDICEICIIBRBFMAERICEIDRBEADASLVAPRAAAMGORBREFICIVENHRIGEHITF TS
th\&ﬂ%j\aﬁﬁu{?iébto

o TH7HICHIT2BHFLULZERIEIGE40,200MWTHY . sBHIELUZREORNREIET S TICTRTLIIC. 42%H KR
EEICLDENTHY . 24% N AEBRDEE - HREICHIMRBAEICLDIENTH O,

| 20141 BoRBROBHNIELZ | 20141 7B ICRER D BABLLEER

. Fuel Supply, Not Gas
EHROERTO %
Ambient Corrections
s sH =1k & Gas Interruptions

22 E 3%
Pis Wind-Forced Out

24%
PJM saw 22% 4% 9
Fuel Ignition &
20% fotced QitiagRiate Combustion Systems L)
5. on Jan.7, 2014, 4
= Storm Damage,
§ Emussions, Staffing
8 15¢ 5%
T Economic ) Weather Related
a 5% 15%
E 109% Auxiliary Systems
- 5%
-
3 5 Electrical %)
a > 5% @)— Boller Internals
£§0)3FYJE<J7’& tz‘ouer A'w, G;as & Tube Leaks
~ontrol systems ~
0% — : _ I EBHES SR 6% ot

Jan. 1 Jan.5 Jan. 9 Jan.13 Jan.17 Jan. 21 Jan. 25 Jan. 29 Misc {Gas Turbine,
Balance of Plant

& Steam Turbine)
7%

HRT) PJM, “Analysis of Operational Events and Market Impacts During the January 2014 Cold Weather Events”, EgH:2023%F12814H, https://www.hydro.org/wp-
ntent/upl 2017 PJM-January-2014-r rt.odf &YW =ZHRESRZTAIIER
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MRI
[£2E]2014F18ICHIFTBUpliftEHORARENS VIV TERDHE

e 2014F1RICHIFZUpliIftERITEHDBEYTHY . NSV VITBEBRANS<ELHH D,

o PIMEZTAHMBICHITZERERICLDHEENTRZRERU.TATHILCHITD. FTEADHEERDFEIECRAT XD MELGDFHEE
MHEDIRIZBRFETDIHICtTHRBalancing Operating ReserveZ % <WH{&ERUT,

¢ —AC. 1A TEATRERERDEEEIFNIEEKRELRN >EZEICMAT. RAARDAERNRLERLEZEICEKY . Balancing
Credith XKE<ERU,

I 2014FE1BDUpliftizsEE NER 2014F1HMBalancing Operating
Reserve DR
Reactive $ Millions
$1,386,000
& > * Total Deviation Credit
Synchronous » Total Reliability Credit
Condensing
$54,700
Day Ahead 60
$40,617,000 ‘ W*nw Stor
January 2014 : :
Total Energy Uplift
$597,396,000 "
;: i 1) | I I
AN IEAR
lan. 1 lan, f lan. 9 Jan
Balancing
$555,338,00

HFF)PJIM, “Analysis of Operational Events and Market Impacts During the January 2014 Cold Weather Events”, B&H:2023%F12814H, https://www.hydro.org/wp-

content/uploads/2017/08/PJM-January-2014-report.pdf &\ =ZHREMEFRIER

Copyright © Mitsubishi Research Institute

69


https://www.hydro.org/wp-content/uploads/2017/08/PJM-January-2014-report.pdf
https://www.hydro.org/wp-content/uploads/2017/08/PJM-January-2014-report.pdf

[£E]2014F1RDFE

MRI
e O DBERITTZEPIMBARUZHEREIE(T/2)

o 2014F1HOERICHSFHF

Zo

o UpliftdO EFADOXRELT.UpliftOFHIEREFTDEEDCAT 7

HEEEER WEEEOHE

Hwo-o8

ERFAT.HEFEOPIMRTOERO >BICHAITIZHEEIRICEM- 7Y ITT—h&E1T>

—LFRORBEUVDREIMNERFRE UV TEEINT,

E— OB R OB AT REHCH1T B R TBITADARTILT 1 DIREY

Unit Performance Ti5E&E KEBEAICAF =12V AU — 2R O A DRSS
Manual13::Emergency Operations®DL E1—
SOERES 12 27T 1—IVICH T BEREMEATE S HEL IR, B ERE T3
Unit Characteristics &ﬂf eDartlcHIF 3 EFEERRDIEEZ S ZEL L. JYUFMRNARERIEAEERETT S
4l EERERS I CHEIEE TR 05 5)L—)LODBEREL
o REELEOATP—LHBROBBEUESY. IR —HEE L ERETENA T7—ICERAZDIR N E LV EICED
: EtH C& BLUBERARIC IR F—TENA T 7 —ICEBEMNZ B EEAAEICT 2mE/IL— L EEDTEY 95,
Gas/Electric TISRE 3o BLUEEAPICIRILE—TEDA EEEINZ D ETEEICT B EEDAREE &R
Coordinati JOtEREE REFEEH . BB O Rl E R ERR OB R C R TE B LS BRI —VEEDEEEt =125 3,
oordination Bt HRERE OWAMAIZ1=T—3VDV—ILE TOEREREL . KRB HERLET .
PEIADT IR ESH B0, BIHISVRLTVAN 12y FOBEBIRDREEHET 3.
. e PIMEBEHHIRRDEME LT T3 Y—ILERET D,
E:gétlr@g:d 7?&31?%% RO SRR = AL TR OIRREEE REL, KRR (/7R R
EHEART D
. S B T COREIEEHIRICE DS BINREE BRI A%
E.”e.lts,?ec'f'c jﬁ;’e”";f;@ M T BIMEIOZLICE D\ TR ERE TS 345 CT 3 EHOEE,
ML= N = TMBDNTRAZ CIERNEDD SEERICHRENEE TRREI -V NI 2EMH
IRVE—TEOPY T INIENIZNES EBET
LEJ”?.;?CV Market TigERE BBl e BB HT 5. Py T I NERS T BHMHERT B,
oA TISKREPY T I NEEEIRT B HEE FIBERTT .
Interregional TOERZEE PIMOBREEDFIEE £ANRERIEAZEZERL. RET,
coordination BRIERE BEBOFIEDFEECETINEE LEICEDH D,
a7 1 DREETHEL . LFOSEDBRLY L——00RE BENEE BON B ERELIET3
Unit Commitment TOERZEE 1. HBMINECIZHIFTRIUELEIFERET 1R/ FHIEDIRE

2. RAYFIITRTI1—)b

HFFPJM, “Analysis of Operational Events and Market Impacts During the January 2014 Cold Weather Events”, B&H:2023%12815H, https://www.hydro.org/wp-
content/uploads/2017/08/PJM-January-2014-report.odf &Y =5 SR ER
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MRI
[2E]2014F1BDOF RO >BZERITIZPIMBARUZHRESEIA(2/2)

HBEEER WBEEOAS

Voltage Reduction EEMEEDOEREBENZREL, ERINANTENMEGNHINESHEHITTS:

Emergency TOERZEE 1. XEMEEZABL. BEOSEEREREEN (B, FEReE) #18ET 5,

Procedure 2. SCADA #liffizfz R W\ EEBEEDERR M ESICRHATFlzRE LY 17 13%#(bT 5,
TR

Emergency Energy 7‘?%%‘% BETHLF—ALESIANSEHOY—ILE TOLREREL. BT 5.

PIMDZTF—o VY —(d. 1BHICRegulation&D/IN T4 —Y I ASHAEE BRI INRNETH D EFEMICIFZLLTOIERICE
. umtAxtaéo
Eef”latm” Market FiEses I$TF—TURRITIC LB HEEIN ESHERTT B,
ules 2. BESNMERETAICEVWHREET S,
3. URFLDE—IBEICLEIL—Va VN FRT B EREE T 3.,

UTDESBTOCREY—IVEHFETS:
FObREE 1. AEDFLNT-)Y—D FIHTIFZICAIL T EH eDartF 7y b EREL MIATERVWI EZH#ERT 5,

External Capacity 2. WEABUY—2heDartlcEEEREL. ANMEIC TR LF— £ TR S EHRT B0, SAHARUY—X

DEHEBHT S,
. ZAFIEY—IAHRADIZTI=r—avCENLS ICBETNTUBHEREL. HETS:
Communications SR Ay R v et sl el
rocedures 2. TOEREY—ILERIETBEHDON —=2T DikE

RIRLZEMDHDRANTE—IVE LU NRAIIEEL. ERBTDHIC PIMIZLLTEITORETHS:
1. EIENUNMNTOREETE - REIL. TDT—YEEZT. HDWIEDIDICHIATINEHET D,
2. BEARBOERADEMNTOELREZNET S,

3. RLEHMOM)A—EEETDIEETONIIDODREL

4, IZa7INBICEHINTLWBIFRRALIITORBETOEREZRET,

Public Appeals AT

HFFPJM, “Analysis of Operational Events and Market Impacts During the January 2014 Cold Weather Events”, B&H:2023%12815H, https://www.hydro.org/wp-
content/uploads/2017/08/PJM-January-2014-report.odf &Y =5 SR ER

Copyright © Mitsubishi Research Institute 71



https://www.hydro.org/wp-content/uploads/2017/08/PJM-January-2014-report.pdf
https://www.hydro.org/wp-content/uploads/2017/08/PJM-January-2014-report.pdf

[ZZ]PIMICH T SHEHREIZRDHR

MRI

o PIMCHETE2MBRIESMLURN—BMIEIDEUTDITSTDEYI1999FLUIRIEMERICH S,
o ZDH. . upliftERTEBMERICHSH. UpliftBEEIZEICHDHDEIGIEBRILTVNDREEZSN D,

L7z,
PIMEBERICHITD#E5|I%E(Total Billing) 5| EDHE

BHOZEESEEZEHNPIMICHES
[10{%$] INFCEICLZEEIEEM
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=Om= {RENF|RH  =O={REN5 |2
HFT) Monitoring Analytics, LLC, “State of the Market Report for PJM”, B&H2023F9815H,

https://www.monitoringanalytics.com/reports/PJM State of the Market/2018/2018-som-pjm-volumel.pdf, PJM,

https://www.pjm.com/about-pjm/who-we-are/pim-history &\ =ZHEHHFTAER

o H.2002FEMNS52005FICNFTC.PIMTIIEHRDOEESTEENPIMIZHET

2013
2014
2015
2016
2017
2018

"PJM History”, Bi%eH2023%10813H,
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MRl

CAISOICH[T75Bid Cost Recovery &3 CAISO

e CAISOICHWTIX. UpliftiEBid Cost Recovery&ULTHENHNS,

® 2022FMBCRMDKLIRMF2EO7008$THY ., LRMEMRICH D, (2021FFTET73005$Tho,.)

o AMIIENHEREI TOLRAFN2021~2022FMDBCRIORNERT2022FD8AMNST12ARICHNTTOEEIXBRBIOS
B CICEAZTEDOEMICHEVRELR,

o AIE2023F5RE6HICHITHENEMADOBCREEIELEAREZERL. PGAKEESCEDEBBEIFIEEICEZL. TDRRE
LTIEXReal Time Unit Commitment&Residential Unit CommitmentDEEMN KTV,

BAMmEIE TOE5H 0 | smEEL £ OBCRABELAR
BCROABRNMDIRX+ALR

$80 NCPA | Other |
Real-time (WEIM) M Real-time (CAISO) §7 f i
® Residual unit commitment m Day-ahead $64

PGAE
5+ | i
$60 &l _ ,
$34 | 1
$24 | !
e ' i | i
$04 L i
: May Jun

[ SDGE ]

Bid cost recovery payments ($ million)

Dec I
Millions
b
8
m

) I I I . I I |
o IIII Illlllllll II ] |
8288833338282 8388533338: ] ‘ <
$1 . ,
. . . . " = a2 P . M: Y M- Y
3¥) Residual Unit Commitment, HRBEBNUECRZRERFEEIEET S TOLR N . Y o
Real Time Unit Commitment. 1553 80REH) - E1LEHEER TOEX
 EE Bl S

HAT) CAISO, “Market Performance Report June2023”,MEH2023F9H815H, http://www.caiso.com/MonthlyMarketPerformanceReports/jun-
2023/index.html,CAISO.”2022 Annual Report on Market Issues and Performance” . 8H2023%9A81H,
http://www.caiso.com/Documents/Presentation-2022-Annual-Report-on-Market-Issues-and-Performance-Jul-28-2023.pdf
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2021

FERU20228

E[CHITDE

smantEpllODBCRE,

MRI

&5CAISO

e 2021FERU2022FICHITZIRERBICEZIONIZBCREAEITRDBEYTHY .. KABERNFDEZLL<EHHDI—AT.
2022F(CIFEEMICZLONAZBCRIORMEMUTWVD, . F/z. EEMICX T SBid Cost RecoveryIlCBT B IL—IUR
SHDIRETHNEH SN TS,

| BCROZIONZEOERER DL

Total bid cost recovery payments in CAISO by technology (2021-2022)

System Tednoios te Bid cost recovery payments ($) Percent of total bid cost recovery payments (%)
2021 2022 2021 2022
CISO  Batteries $3,612,062 $30,330,699 2% 12%
CISO  Once-through-cooling $56,382,130 $63,073,832 36% 25%
CISO  Combined Cycle $56,073,876 $77,554,525 36% 30%
CISO  Frame turbine: non-Fast start S0 $159,200 0% <1%
CISO  Gas turbine: non-Fast start 54,599,725 $11,615,876 3% 5%
CISO  Gas turbine: Fast start cogeneration $377,313 $489,399 <1% <1%
CISO  Gas turbine: Fast start (includes Frame CTs and Gas $17,976,008 $32,019,625 11% 13%
CISO  Reciprocating engines: Fast start (includes cogens) $10,944 $6,709 <1% <1%
CISO  Reciprocating engines: non-Fast start $4,531,553 $9,606,152 3% 4%
CISO  Hydro $1,582,710 $1,866,557 1% 1%
CISO  Other $2,183,520 56,346,394 1% 2%
CISO  QF/CHP/Must-take $6,641,987 $19,630,826 4% 8%
CISO  Reliability must-run $2,506,434 $2,284,017 2% 1%

&> California ISO

H /) CAISO,”2022 Annual Report on Market Issues and Performance”
httpo://www.caiso.com/Documents/Presentation-2022-Annual-Report-on-Market-Issues-and-Performance-Jul-28-2023.pdf

CAISO - Public

, IBH2023%9H15H,

39
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Real Time Unit Commitment CODE

MRI

EN=MADERMNER  Scaso

® Real Time Unit CommitmentldE NHEHEBIICHITD150F
e 2023F5RA¢E6HBICHIFTBReal Time Unit CommitmentEHSHMDODERANRIEITHDEY THD,
® Real Time Unit CommitmentTlE. IRV F—IRMEREAFIRMDEENZ WV ERICH D,

I Real Time Unit Commitment TOBRCHEAMER

| NCPA [

PGAE

$4.00 1
$3.50

$0.50 ¢
-$1.00¢

$3.004 1}
$2.50+ i
$2.00 1 {1
$1.504 11
$1.004 {
$0.50 + i
$0.00 4— || N —

M ay

Millions

Smo
$3.50 4
$3.00 4
$2.504
$1.50 4
$1.00 4
$0.50 4
$0.004
-$0.504
$1.004

|
‘ .

May

B ~s [ s meace ] wec

Month

pume [} Ar_eneray [ soc i suc I e

DEE - BFILEETEER TOEATH S,

AS/AS MILEAGE : 73—t —EX
MLC : RIE&BHRIRXMMinimum Load
Cost)
PIMP : kA& LEIFIXM(Pumping Cost)
RT ENERGY : IXIVF—3OXk
SDC : Yvybh9 IR
SUC : a5 EIFaOX~(Startup cost)

C : Z¥rJ X +(Transition cost)

HiFT) CAISO, “Market Performance Report June2023”, BIEH2023F9H15H, http://www.caiso.com/MonthlyMarketPerformanceReports/jun-2023/index.html

Copyright © Mitsubishi Research Institute

75


http://www.caiso.com/MonthlyMarketPerformanceReports/jun-2023/index.html

MRl

Residential Unit Commitment TOEASHRDERRNER Scaso

® Residential Unit CommitmentldEBAHIBEE|IICH T2 YUHBREBNVEICRDIARERFEEIBEI DI TOLELRTH D,
e 2023F5A¢E6HICHITBResidential Unit CommitmentEASHMOERANRIEITHDEY THD,
® Residential Unit CommitmentTld. RIEBFIAMZL<EL5HDERICH D,

I Residential Unit CommitmentTOBRCOHERK:R

44

$34

$2

Millions

$24

$14

$01

NCPA

Other

PGAE

@
o
L

SCE

SDGE

M'ay

v
Jun

M':ly Jx'm
Month

Il so_cost [ mc i svc B

¥

c

BID_COST: AfLOR

MLC : s&{EEfEIX~(Minimum Load Cost)
SUC : II5_E[FIX M (Startup cost)

TC : Z#2 12~ (Transition cost)

HiFT) CAISO, “Market Performance Report June2023”, BIEH2023F9H15H, http://www.caiso.com/MonthlyMarketPerformanceReports/jun-2023/index.html
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MRI{
Bid Cost RecoveryDEtEAEMUVICEREANDEHEAIE Scaso

® BCRDEEAZEIZCAISONOBPM Configuration Guide: RUC and RTM Bid Cost Recovery Settlement
(CC6620)ICTHEINTLS,

> BCRIZFAHIRFERHBRADEREVTCHEIN ALIRAMETHBRAICEENDIEBIIUTORDEY
® BCRIESABICHEIN. BERKBIEICITONDS,

v &E#E(Start-up)

v BREEHFR(Minimum load)

v X~ (Transition)

v IXIVF—ANIRE(Energy bid) :EiLEEX AL UIZITRIVF—MHE

v PUS)——ERBEIBEXANUET DT —T—E R

v =IEBRI(Minimum load) :FRIEERELIRILF— X LMP{f&

v IRIVF—PRANELSE X LMP1ii&

v TOUT)—H—ERNANEZIBEE X 7OUT)—F—EXDY—IFIVTSAR

HFfr) CAISO, “BPM Configuration Guide: RUC and RTM Bid Cost Recovery Settlement”, BEH2023F9H29H,
https://www.google.com/url?sa=t&rct=j&ag=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiFmMajms-
BAXWXgK8BHbWYDUAQFNOECA8QAQ&uUrl=https%3A%2F%2Fbpmcm.caiso.com%2FLists%2FPRR%2520Details%2FAttachments%2F795%2FBPM%2520-
%2520CG%2520CC%25206620%2520RUC%2520and%2520RTM%2520Bid%2520Cost%2520Recovery%2520Settlement 5.3.doc&usg=A0vVaw1N0O42alLR5ujel3sySU
MNHK&opi=89978449 CAISO, “2014 Spring Release - Settlements”, F&H2023%F9H29H, http://www.caiso.mobi/Documents/Presentation-Spring2014Release-
SettlementsTraining.pdf
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MR

Py T OEBER LICEYTB3FERCOHERE(1/2) &

FERC(KEERIXIF—HHAEES)ILX. 2018F4HICFERC Order 844 (RTO/ISOMEE T dMIZICHIFD 7Yy ITIU T
ERORESEEHAE)ZRS U,

Order 844ICHWVWT KERTO ' ISOIF. EAVRT LD Z—RAZE@/EILEHICARL—Y—FETCHIGENTERZITOZE
NH2M YFKEBITELD 7Y TUTRER (Uplift Cost) B ERICKMINARWZH, JIXAMCEFNAREET DERIC
BT 3FHAENT T THY . RIEENDBEBHNGHREICER O>TVWRWZHEBIETDIMNENLD I EINT,
FDEH.ABECSWTTZYITUINERDODEREZE LT ZEHIC.—DF- U —=RBPYTUIT AR —H—FEDO
SYMXIURIOVWTARBREZEKRL,

FERICMAT VY —ROAZIY AV MOHIGMERICHEEZSZIZ2EXEHFHNDORFT IV T2 (Transmission Constraint
Penalty Factor) DEHZSUTICHRETD_&EZERULZ,

| order 844cERTNEAS

ARRs  REICAENZRE . HE ' BROTR
' o MAFHNS20HLAIC. & :

=Ry 1T o XEYV -V (BANEBRZEMZHEIC :
L BYHETSRHOMIENGTU?). B 0 RTO/ISODIITTHAMINRE
NEIAY | * VAV : .
: . 7y T T DIEERI T HEE : o EIRIZCSVAE
=By )T~ c o PYTUINKHWERITZEIY— o BARNSI0HLIAIC. & L DTN TR
D ADNY—RZEHRTHAEE : RTO/ISOOxTJHUARNIARE : f#
ARL—F—FEDII VAU 0 BARL—Y—FEDIIYRAIMI | o BAFXNS30BLAIC. & :
- AU a2 XEYV—2V. BAH. O3y . RTO/ISOT I U1 MIAR
;X DB :

FEEFFIDNRFT IV T 1 551

FRTO/ISOIK EEHIFIICEHET DRFTILT 1 REICDOWVWTRANEER(T HEBRRERRE (Tariff) IS T 2. XTIV T 1 REDIEZ
ICEE T DGR MHEEFREISECHNSBRITSENRHEND,

HiFT) Federal Energy Regulatory Commission, “Major Orders & Regulations, Order No. 844 , April 19, 2018”7, M&H2023F9H15H,
https://www.ferc.gov/sites/default/files/2020-06/Order-844.pdf
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7Y ITUIDERAERLICEATSFERCOMRRE(2/2)

e FERCE7YITUIFERDZERMEALEICLY, OMBSMEBICLSMEMBIEROEREE. OHBESMEANDKRE( VLY T14T
DR OHBIX M E LV IERICKRBRULZTGMEBOTERE WO MRENRIASDH AENDFENZHEDEERICOENDE

AR TWD,

| 7vouorEROEREALEIC L2 HE

e MZZMAX. MHZMBDER®. MIEHERICHER
ICXHIETDZHDEDRAIRNZEEDIEERRUT
W ELYI<SERTIDLIICED,

OHISZSIm&EICLD

(SRR DIERR(EE

e MBPBMAEMNIIYVIXAIIOT 4 /XY FHERICH
W HEERPRBICHERNRIREZITV . FEEEME
FTRRHDELVWAI BT TZRETE D,

QIS IMEND
BB T1ITDRM

o BIRBICABADHBIZAND =R 7Y U TR
SHBMEICITNTIEEENHY . BRIADIHIE
dXAMZEXYVIFEICRBUZMEEIE. TENERDONE

QIR N E L VWIERE(C
RBRU 7= T3S M8 DRI

HENH D

ECHBBECHRBEOMSREIDEBEMEZLZ ST AIRE

HiFT) Federal Energy Regulatory Commission, “Major Orders & Regulations, Order No. 844 , April 19, 2018”7, M&H2023F9H15H,

https://www.ferc.gov/sites/default/files/2020-06/Order-844.pdf

NIEN DRI

FEEDBR
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MRI

[£#]FERC Order 844 —&BikE(1/3) &9

17 N o} HF
SrdcodeN

S A S M S el 3 D

I. Introduction

1.

AEEIRAICHWT ERIRIF—R/EZERIE. RTOSKUISOD 7Y U ITRIWWEARL—5—FED
AW X D MDIREICEHT DIRITDEIT. BIUEBHFRTIVT 1 FREICEET SRTO/ISONF) JIREIE. &
BAMENFRT9THY ., ZDHER. LLFISRARBIBRICKY  BENAIENDREBH TRV EHIRTD, CNS5DF
LA RBLOREZREIET D20 HATEHREEFE2065FICH V. BRTO/ISOICXH U, EDHYUTICLLTZEE
HBI_EEEKRTD:

(1) BXBY -7y IR EEE= . Bal- 7y ) IO hATIU—RICAXRCHRE T DCE(V =Ty
T TJMERE; Zonal Uplift Report)

(2) V)—RBO7Y I IRILETEEZ R CIRGEI D& (JY—RRI7v T T MRE, Resource-
Specific Uplift Report)

(3) ARL—=A—FEEDIZIVIAVIEIC, DSYRAVROHRRE, EFEY —2 ISV XU RMNER, JZSYR XK
Fﬁ#ﬁﬂ%iﬂ)&ﬁ)ﬂ?iﬁ%ié:t(7I/\°I/—9—Ii§=:|5‘y X RRE; Operator-initiated commitment
Report

(4) M35V I I 7 ERINDSEEHHIRTIVT 1R SLUOCINSDFRED Locational Marginal
Prices(LMP)ZRETET IR BLUINSDFRBEZE T D TOCRCEEFNIRT IV T 1 BREEH;
Transmission Constraint Penalty Factor Requirements)

CDE S ERICELTZDICIEWV KON DERNG S, RTO/ISOMEGIE, FHENDEEPFHEEDFL. RIFEEE
CTHEYVSRBEEMHIT I DVEMERE | Z<DERLOREDEEX(TSAREN DD, miHYIRITT7RIA
TOEHEEZERT DEENICIRAN G D7, ERH NS DFREDVONERBRTERWVWEDDH D, D
K IRIRR TIL BRICHERICHN T SHITBERRFEND! ) — AW FEENICTHIGHEE CT R VVAIEEENH Y.
RTO/ISOIX YR T LD_—RAZHEXRICHZIHIC. HBADT O3 (THOE ARV —5Y—FENIIY
EXVBR)ZERSRIFNIEERS N COLIBITENCEY . PYTUTNERDBEET D,

{if) Federal Energy Regulatory Commission, “Major Orders & Regulations, Order No. 844 , April 19, 2018”, M&H2023F9815H, https://www.ferc.gov/sites/default/files/2020-06/Order-844.pdf
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MRI
[Z2%#])FERC Order 844 —ERtk#:(2/3) J}

W SN Tt
MRS 7TU YN

3. MBADTIIIVEEDRBREET S7 YT ) I FERITHISMHEICRIRE NGEWZH CNSOIRREED

K OBRIRANYFEE T DIERIFFBHISEEAEDMEV  TIZADTIIIVIE FELTIRATLARREEVET
AN BB HRADHDIBENTEN, VAT LAZ—XIIXIHT D —ZABHEANDREZMEL. BB
[CRFIT D= DBRMEED T FIVEEDRENDFIRIND, 7Y TUITRIARNEARL—F—FEDT7D
23VOmAICET SZEREORMIE, FIZ X RTO/ISOMEEETE 7O X0, RTO/ISODY —RZ 54
ZLE1—-93ZRERICHITHAERBRENSODEELRRZHIRI DML H D, YRATLZ—ADMiES
MEICESTERTH D EZERIET D &L RTO/ISONMERETCE 2ERELIUI IR EYIR—MT B
HICIEE T 5:EA LOFREICH T SEANDIROEVVERRERLITZHDEERRTYITHD, 7V IUT
hEARL—=F—FEDIIYEAVNIETBBRERE T D EE CNEDIRT LZ—ANTHIGHISERTH
DEZERIET DDITIRIL D,

. 2TCOHORTO/ISOIE Py TUITOARL—F—FEDII YAV DB CREREICET S ERZREL TS

1\ ZOBRISEEICESTN T, BHERRT TV EY T ENS<, IHEE T—BL THRESNTLA
Vo PYTUTROANL—9—EBOII YA YN EITSEAICEIY SBRIEDR SIS TIE. HIBRIFEN 2
FLD-—ZEBRL. CNSD_— R EH T EDICUBLY— DR EEMT 2D +HEEIEE
REL TR, CO&SBEREORIIE, FESIEND R T AD=—XZHEL . BRNIROBHET
PEMITHIS T BN EMEL, BRELTRUN OFRSEARREEL ST, PYTUINOFRL—5 -8
DIy AV OB REICE Y S BRI AR E8ET 52 (& ESIENEB PEBONBIED
BEDMEETET SHNEBHDEIES, E BREOHLE SFROEBIEDL DT 2 OREICH
Y BHDBRABOEBHBELIET 3, £YS<DERICESV\HEBEFEDTRERETZ_ENT
x5, 50, EREHIAT LT RERICET BRTO/ISODIEITIE. BEMIEICAS BH B2 52 3NN S
3. COESRBTDERMEEH D EIE TRIVF—MEREDE S ICHRINB N DN TOMRSIE
DEREFEH D IR, TORR, BEIEAYI LTI TIVICRIST SN EBHD LIRS, Bik
(2. Py TUTRZILN ARL—S—FBOIZY XDk, EBHRIAS LT A BEROEREEBHBE T,
BB MEXTNSNDAFHICEH1IBRTO/ISONBITE AL HEEFHT B ENTEBELIBZ. TOL
5. AR TIE. SRTO/ISOICH T B EBENEH £EDH S

HiFT) Federal Energy Regulatory Commission, “Major Orders & Regulations, Order No. 844 , April 19, 2018”, B&H2023F9H15H, https://www.ferc.gov/sites/default/files/2020-06/Order-844.pdf
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MRI

[£#]FERC Order 844 —&RikE:(3/3) &9
5. (FEg)

6. HEHAFHDBRIILLTDE) THS:
(1) HEEHCHREOMSREERKIET D,
(2) MBEMENIIY A FOT 1 R/ FHERICHEL ) FEER R ICRIRN IR E 21TV EaE T
BIEHDIELW LI T1TZRHMT B,
(3)HIHSMED. AFEICHHET IRRDRAERAE . R EHERISER I 726 DER LOFIFIN, MiCE
DELIICRMENTVWSNZEEETET DL S ERREZRHET D,
(4) 2 TOHGEAD IR NERINT SHSEHERT D,

7. BAEAIRERIDEE, EIC_EEC(3) DEASTEHBERICHUTDED TH D, 7V T ITEZIAWE TEMEICE
EN2V BRZER(CHIGT SEHDIRNMIDERRT S, AR —Y -FEDII VXU NI EREZHE
9 2HICiTHN., mBlEE 7y T I OmAICREZSZ SAREENH D, RTO/ISOMEEHHFINRT IV
T 1 REUCBHET BI1E1TIE. RTO/ISONMEEHIFI_EDREMEREN T S72HICEBL TEX U MEEKESBIXE
ARRZEDHDEDTHY ., IIVRAVSEHGBERICHEZ S A DARENDS D, CNSDOREDERIENF
Eonid, mgSmald. mSmHEOZER . RN SFEICERICHIGT STZHDEDRAIRA N EDIEER
BRUCL\BD Z LY L<EFETEDLSICRD, LRUELIIC PYTUITNBELUARL—F-FEDOIZVE
X MREIE TS MED R CRIEADZREZEIRATLAD_—XEBGETEIMFICELRD, RIEIC.CODX
DBRREE MHSIIENRTO/ISONTY T ITEDAI VAV EDIBITEIRRL. REZIRET DGR
BT RBRNICEFADER IR D—EN7 v T IO SHIGMIRICS TN BalEEENH D, BRFAD
I I A b2 KU IEREIC RRBRUTZ Ml &, TIiEROiEE GHEE CHInE OIS REIDBINZE S5 I AlaeE
&Y ABASTZBERD (1) ICEXITT Do CNESDXIY I RIEDN DEERGEREEDIBRIC DN D,

WOSIFEH

HEO > FIREH
NG 71 THE B

{iF) Federal Energy Regulatory Commission, “Major Orders & Regulations, Order No. 844 , April 19, 2018”, M&H2023F9815H, https://www.ferc.gov/sites/default/files/2020-06/0Order-844.pdf
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7YvITUT L IAMREDHI(PIM)(1/3)

e LITFICISOD—DO TCTHBPIMDY —RI7y TUIMREDHIZR:T,
| PUMERICHIF32023E8BD7YITUTIRER(V—R-B5)

Uplift Charge Date Start Date *|8/1/2023
B EEY—
Uplift Charge Date ~

8/1/2023 | DEOK

Transmission Zone

8/1/2023 | AEP

Daily Uplift Charges by Zone

End Date * | 8/1/2023

AT —
Charge Category

‘ Day-ahead Operating Reserve

| Black Start Service

i

Operating Reserve

Black Start Service

DEOK

CSVIR TF—9Dy 5 O—RHvaTEE

v

V-

Export:

1t 12 7y ) J X iLEE

Uplift Charges = Datetime RunDate EPT ©

9/10/2023 08:03

RTO $897.51

$1,062.08 9/10/2023 08:03 |

Non PJM Mid Atlantic Dominion

8/1/2023 | BGE

{AT) PJM, “Data Miner2, Daily Uplift Charges by Zone”, FIZH2023%F9H15H, https:

Day-ahead Operating Reserve

RTO $310,300.73

8/1/2023 | ATSI Secondary Reserve Secondary Reserve (MaD) $1,805.54 9/10/2023 08:03
8/1/2023 \ PENELEC | Balancing Operating Reserve: Lost Opportunity Cost Deviations | RTO $3,876.11 9/10/2023 08:03 \
8/1/2023 | AEP Regulation and Frequency Response Service Regulation RTO $10,615.32 9/10/2023 08:03
8/1/2023 \ AEP ‘ Balancing Operating Reserve: Lost Opportunity Cost Deviations | RTO $927.64 9/10/2023 08:03 |
8/1/2023 | DPL Balancing Operating Reserve Reliability RTO $204.27 9/10/2023 08:03
8/1/2023 ’ ATSI | Regulation and Frequency Response Service Regulation | RTO $524.21 9/10/2023 08:03
8/1/2023 | DEOK Reactive Supply and Voltage Control Service Reactive Supply Service DEOK $22,674.97 9/10/2023 08:03
8/1/2023 ’ JCPL ‘ Black Start Service Black Start Service | JcpL $1,596.82 9/10/2023 08:03 ‘
8/1/2023 | DOM Day-ahead Operating Reserve Operating Reserve RTO $90.68 9/10/2023 08:03
M - | Non PJm Mid Atlantic Domini. . . 1
8/1/2023 ‘ PSEG Synchronized Reserve synchronized Reserve (xo)J KA Qomimon 50.16 9/10/2023 08:03
8/1/2023 | PENELEC Reactive Supply and Voltage Control Service Reactive Supply Service PENELEC $41,380.01 9/10/2023 08:03
8/1/2023 ’ PSEG Black Start Service Black Start Service PSEG $4,756.57 9/10/2023 08:03 ‘
8/1/2023 | PPL Synchronized Reserve Synchronized Reserve PJM Mid Atlantic Dominion (MAD) $11.61 9/10/2023 08:03
8/1/2023 \ DPL ‘ Synchronized Reserve Synchronized Reserve | PIM Mid Atlantic Dominion (MAD) $2,772.22 9/10/2023 08:03 !
8/1/2023 | APS fg'ca"c'"g B i e e RTO $10.12 9/10/2023 08:03
8/1/2023 | EKPC | Regulation and Frequency Response Service Regulation | RTO $222.23 9/10/2023 08:03 ]
Operating Reserve 9/10/2023 08:03

dataminer2.pjm.com/feed/uplift charges by zone;
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7YvITUTLIRAMREDHI(PIM) (2/3)

e LI FICISOD—DOTHhBPIMOFEEMANT7Y TUITNREDHZRT,
| PUMBRICEI1732023F7AD 7Yy TU T NEE(REHA-BR)

Generator Specific Uplift Credits

CSVERTT—9YDF o O—RhialgE

Uplift Credit Date Start Date *[7/1/2023 | End Date *|8/31/2023 B ] Export: [SIE)

B #E EB— ffi#% ./ — 1D 57— 7w I T XL
Uplift Credit Date ¥ Generator Transmission Zone @ Pricing Node ID _ Credit Category Credits Datetime RunDate EPT ©
7/1/2023 | PS BERGEN 2CCF ‘ PSEG ‘ 5021665 ‘ Balancing Operating Reserve: Dispatch Differential LOC $181.58 9/10/2023 08:04
7/1/2023 [ PS BURLINGTON 121 CT | PSEG J 93142 | Balancing Operating Reserve: Lost Opportunity Cost 1 5439.56 | 9/10/2023 08:04
7/1/2023 . PS BURLINGTON 123 CT i PSEG ‘ 93144 | Synchronized Reserve 1 $5,296.60 | 9/10/2023 08:04 7
7/1/2023 | PS BURLINGTON 124 CT | PSEG 93145 | Synchronized Reserve | $5,910.92 9/10/2023 08:04
7/1/2023 . PS ESSEX 105 CT ‘ PSEG 1097732300 Secondary Reserve A $23.49 ‘ 9/10/2023 08:04
7/1/2023 \ PS ESSEX 105 CT PSEG 1097732300 ‘ Balancing Operating Reserve: Lost Opportunity Cost \ $2.20 9/10/2023 08:04
7/1/2023 : PS KEARNY 132 CT ' PSEG 123901465 ' Balancing Operating Reserve ' $907.33 ‘ 9/10/2023 08:04
7/1/2023 ‘ PS KEARNY 133 CT PSEG 123901467 ‘ Day-ahead Operating Reserve ‘ $1,500.37 9/10/2023 08:04
i 7/1/2023 | PSKEARNY 121 CT | psec | 50436 | Day-ahead Operating Reserve | s1,41200 | 9/10/2023 08:04
i 7/1/2023 ‘ PS KEARNY 122 CT PSEG | 50437 Balancing Operating Reserve: Dispatch Differential LOC | SZI.OSW 9/10/2023 08:04 ]
7/1/2023 \ PS LINDEN 1CC PSEG ‘ 21601782 Balancing Operating Reserve: Dispatch Differential LOC ‘ $524.56 ' 9/10/2023 08:04
7/1/2023 ’ PS LINDEN 2CC PSEG 1097732340 Balancing Operating Reserve: Dispatch Differential LOC ‘ $1,100.17 9/10/2023 08:04
7/1/2023 ‘ PS LINDEN 6 CT ' PSEG 93141 Secondary Reserve l $270.58 . 9/10/2023 08:04
7/1/2023 ‘ PS LINDEN 8 CT PSEG 7 71856677 ‘ Balancing Operating Reserve: Lost Opportunity Cost ‘ $816.32 T 9/10/2023 08:04
7/1/2023 ‘ PS SEWAREN 7 CC 1 I;SEG ‘ 1379266906 Regu’lration and Frequency Response Service | $935.31 9/107/2023 08:04 :
7/1/2023 ‘ PS BRUNSWICK EDGEBOROUGH 3 LF [ PSEG i 50403 Secondary Reserve i ‘ 524.17 [ 9/10/2023 08:04 7
i 7/1/2023 | PS KENILWORTH ALDENE 1 F | PSEG ‘ 50389 | Regulation and Frequency Response Service j $809.80 | 9/10/2023 08:04 j
i 7/1/2023 ‘ PE MUDDY RUN 1-8 H T PECO ‘ 50549 i Regulation and Frequency Response Service ‘ S65|.047 [ 9/10/2023 08:04 1
7/1/2023 . PE EDDYSTONE 4 F ‘ PECO ‘ 50532 Synchronized Reserve . $0.50 . 9/10/2023 08:04
7/1/2023 . PE DELTA 1-4 CC PECO 112586171 ‘ Balancing Operating Reserve: Lost Opportunity Cost ‘ $20.67 9/10/2023 08:04
wearanna | e acirs e 2 on nern ‘ aancaseme | Aalomoloc Acccablon facaies Alomabob ALfacanblal & A csen atansanan na.as

HFf) PJM, “Data Miner2, Generator Specific Uplift Credits”, BIE&H2023F9815H, https://dataminer2.pim.com/feed/gen specific uplift credit
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ZYoUIR-ARAMREDH(PIM)(3/3)

$ Millions

o PYISUIJMHENEEICEVWANRELLISGS
> 2023F4BF80ARILEBBTZIANABREL. ZOERIZO—NINCREVZREICLZIEETH >R ERES

RARDELR—

| PUIMEBRICEI722023F48D 7y TUTREE(AR)

$2.0+

$1.51

$1.0-

$0.0-

mmm Day-Ahead Operating Reserve
@ Balancing Operating Reserve
mmm Reactive

@ Blackstart

s Lost Opportunity Cost

hTHRENEIND,

ncud,

M M MO MO MO MO MO MO O O O O MmOmM
AN AN N N AN N N N N N N N N ™Y
O O O O O OO OO OO O O O
N AN N N AN N N N N N N N N ™Y
X o« @£ ¢£ £ £ ¥ ¥ o o @£ £ o o
o GO o VSARR ¢ . 0.0.0.0.0..0.%%0.0.
< € < < € € € € < <$
- N ™M mgr\wmoPNm

o O O O O ©Q D@ ™ = = g =
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28APR2023 ]

29APR2023 [

30aPR2023 I

HAT) PJM, “Markets Report, May 22, 2023”7, BIEH2023F9H815H, https://www.pjm.com/-/media/committees-groups/committees/mc/2023/20230522-webinar/item-05a-
--market-operations-report.ashx;
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7w IJUDJDROEREGDICEAITSFERCHDEHR(1/2)

FERC Order 844NEZRMDEEMEICH VT, FERCIERTO/ISOICUFPIIAL-PYTUIERZ. TOREDFERER O
CREBMICTFRINSEEIZITOMHBEESMEDHCEDTSLIKD T,
TOERODHT.ZRTO/ISOD7PYTUIERBEDAENERINTVNS. ZETAHORTO/ISOK. 7Y TUIERZRS T
ROIC.ZHREERFLZFERBEEZHRALTVS, UNUL. RTO/ISODRED 7Y TITERED AEFK. TORESF
DRTATKEG ODTHY AZE2>TRMETEINDEREES D,
FERCIZ.ERBNICE7ZYTUIFERARRERBEREEHEIARTIEZEZTVNDZEOD, KERXBRERIBRENEINEZY,
RTO/ISONSEHEEXRBEHICBSNTINZLZD ARICOVWTEHBEINE,

| BRTO/ISOD7YTUIRDEBRESHEDCRR—IICEL)

RTO/ISO | B

m PIMIE. EEMHZERHICEELZUpliftERIL. IHTEZE COBEVWEECU PIVIANLTDEREET mrsEEin.
oM 2T 5, (SISEEE) >> EREEIB0
B EEMFELUADEBHRTEEU ZUpliftERZ. siHMBEG IS DHREE - FTEEFDREHSE ‘FH HENH
(deviation). Virtual bid¥ICESUL TS, (REEE&IR) lanils

B UpliftiClZZ<DATIV—1GY . RELERBENEERKI. TRIVF—1 NS IR UTPIVI1LE Zmafil:
CAISO HMOWVWINICHILT BeHICT 1 R/ FREZETOEMIGU T, Uplift ERZXEME A (FE >> [REE&ED
xR, EVLFE. BAELICERIL TS, HAahHt

B ER. SREEHEORICEDVWCUpliftBERANRE U ZRRETRDU 7V LEEZEZR T,
NYISO D751 LUpliftEAZRSL TS,

MNEEDEFEMEICRHET SUpliftEAZ. ISOLFEICRSY
g DEFEMEICERET SUpliftERZ. G773 VhERINIEXEMXADEEICRY

ZmERE

Hi7fr) FERC, “Uplift Cost Allocation and Transparency in Markets Operated by Regional Transmission Organizations and Independent System Operators”, H&EH2023F9815H,
https://www.federalregister.gov/documents/2017/02/07/2017-02332/uplift-cost-allocation-and-transparency-in-markets-operated-by-regional-transmission-

organizations#footnote-38-p9543
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7Y IJUDJDROEREGDICEITSFERCHDEHR(2/2)

| SRTO/ISODF7YTUTILDERESHER

ISO/RTO |

ISO-NE

HE

m UpliftERID#KH (3, FEH- 8- Virtual bid-BABADRIESOR TS 1—ILh 50T
B2 (deviation)ICEH LTS,

SPP

B SPPIX. [RANEFERIEE T, ZD/=bD IR A FIZEZE EEISHRVGE. RRICE DLW TUpliftE
BZBSU TV AIZIE U7ILI1 LUPplIftERIEZ. GIHR T 2—ILPSPPDT 1 RNy Fi5
THSDTEEE (deviation) ISR U TESIN D,

MISO

m MISOIF. UpliftBERDELD ICT oMV 7 TO—FEHRALTHY . AT RY . DX MER MY
DHPFICEDNTL D, MISONUPLIftORAEHMTTSEDICEDIE ERINZ—EDAT
J)—ICRE>TUpliftBRZEDT 5.

m MISOX U714 LOBEIIY A VNIERAT S UpliftBRIL. ¥BENSFROREREE.
Virtual bid. B8 A -EHOYEEN R TI 1— IV EETTMEICEICRRDO TN D,

B EXEHFHWOEINNSEL S UpliftdD—FBIEEBMDRERE SR> eRBHEICEIVETEND,

Zmuail.

JRERZE&BDHE
Hant

[REDEE
ARG AL
RRE&HE

AlgE7RfRY

RRE&E
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MRI

[£2Z]FERC Order 844 HEX —IRk#

FRE&S BEST

RS

I. 7YvJUIJREREBSDER

HW—=OUSNSUN

7| PyFUTEE —BBIC. RTO/ISOM, ZYRXIRET A RISV FICEY  JY—ZRDAT7—ICBFNZ IR ~E
2| mESEEmENSBONBRAEDBICTEMECZUY—RIHUTITI R DT EEIFT IR IE. 531V~
| MIZIVRXUREIN, TRV F—FBET YT ——E AHEA S IR NESZLICEINTE 2 ES. ZDY—2
I | ZPYTUINEIWESIFBI TS,
7| PYTUIRSTHEAL LSS EFIAE Y IRIIT . ZDMDBEDHIRIE, EXRBEDERS & EBTEDE
2| BEHERIBEDICHATERY—LICEENENTH S, ZOR/R. RHEREL. EHREEZERY 3 0ICHRN
0| OFFEERSTZEERAY, FOER, IXRIF—@EO7 IS —H—E 2 EEAREICHNZRAIRNER
7| BUAR<AZEEEMN G S, LEM> T e TIRA-BHEAIND )Y —2WSBEI RN EEIN TE 5 &S 2TB7=0HIC
MoE Py TU IR WARREE 1B,
gg ZDESBREFIVE. Y IRIIT. ZDOMDORBRRIISHEESEBDON, 7YY I NI REENREETRILE—-
2| 75U —ERHBICEENERTHY . R2ICHIRINB T EFRVHEULNAL, LizA> T, RTO/ISOIE
| SNSOIRNETESMEICES TR EE/RZRIINERSER,
—R&Z. RTO/ISOIE. 7y U TRERZE., Py I ERI LTSS e ICEEERS T30 BRICEST . 7Y
TUTREBRAOEBEADESS L. W< ONDEERSEICL>THESITONT S, BflL. REERENEEEE 1S
Eg GBI E BITEDRIRI RS RE L HBTENTE S, 52, AZAMEISDERDOEDIE, THESINEDIT
| ZREEHICKVWAETIRMERDTEIETH . EATRICH T, AFIIRESSMEICEBRE TR\ TS
#| BETHY. 7y TUINERDESHTEIEEH SAEEENREEVDIERHEVN ALV, BIFELT. Py S INE
I'% AZEREICENT B &, “SEEIE (beneficiary pays)” EMEEN S,
g =R (&, RTO/ISOIZC D2 D07 FO—F (BERE &BorSisEail) s MAahE TERT 3 EN%<. Bkl
ERICED< P I O—FREDIRNERERFEIC LS TERASNANSI=ITARTOPY T IR IZRNESITERS
cElchB,
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PIMICH T DENERE| - RiGHER DT

ik i

MRI

X A

o FIHMZICHLWCERMKEEZSTHHESMEDTY AL -EVWAMNICE > T HERDRBFLR AR EMIBMEERET D,
FDHRIUPIIALHIZICEWVWTEnergy, Reserve, RegulationD&m#@EILEtEZEZERT DN, UV —XDEERFRHCHE
V=)V (BHFORZE) DHEIHNED . BRI UTRegulation=>kWh+ReserveDIEICHEEZRET D,

UEFEj’J_J 157 1=
(offer/bidICED<HE) V7S LihE~ R
=24 710
e EEHR EFR REHR EER %-EE-%A(SﬁX’IZJQ)
1:00 13'30 1415 18:;30 0:00 65ﬁ4ﬁ 60781 307H] 10ﬁj\ﬁl = ‘ ‘ ‘
| | | | | | | | | 28 kWh, R J5¢ L
Day-ahead L ‘ P ‘ 1 ‘ ‘ ‘ 1 1 7( %F‘i:’u‘&éﬁ‘cw w eserve YyRX DU R%E 1 ‘
Energy market | (DA-scuc) § | | § | | U P ——— =SS T T e
| | | i | FTTTTTTTT } ' ‘ %5&33?0)10ﬁﬂul._kWhe:Flemble
3 1 ! | ! f ReserveZRKREIL(RT-SCED)
! ! ! : j f ‘ ! ! ! ! !
. i i i i | i i
Realtime ; ‘ | Offe r'f%#ﬁa) j I ! ! :
Eneray market 3 | @A o BE ] o
| | 1 1 | CosasY —
| | : | | JTIERE | ‘ [z |
3 | 3 L _UBLA o ccep || RT-scED | |9 |
3 1 RAC 3 : Regulatio 1] ‘ 3 3
: ‘ X3 : | NHOEALE | ‘ .
Reserve market ! ! | | OBICER 3 i
(Synchronized | | i | : R :3 ! | |
Reserve, fee | 1  Offerls8D | e i ‘ | 3
Primary (DA-scuc) | A#L 3 IEIF ) 1 : !
Reserve, 30- ! ! : g HE
minites ! 3 i f : e
Reserve) | 3 : 3 e e b Ao o ol _ === |
| 1 b ! T R e e
| ! : : ! I :
! : ! : ! I
3 3 : 3 Ancillary | \ 3 I F18EEDRegulationZHIE
Regulation AL ! - Offerl&8a | Service | - ,| MHELUY—2DEnergy Dispatchable rangelHIIREEERIF
market | i EIE | Optimizer ! | RegulationfiEE%E£E 325 & T. RT-SCEDTIEREMICkWhE
! ! ! i (ASO) | 3 Reserve DRIES L% X
-------- I S e B T e T e e PP e EEE CE e mr e e
Freauency | | o ‘ I A
Response : : : gﬁﬁMﬁtﬂ(yﬁ% : %[‘-5“‘(%7— 3‘/\*%{4:) : : : : : : : : : : : :
b RPNy L N A Ry RS RSy ,--q---4---:---4—--4---:---‘_---F---‘---:---,‘----‘,---‘
%1:Energy marketlC2mMI3ER(EEY—X. 7J<7][5$<)IIJ?HIJEbTReserveﬁ%lJﬁ%‘JJ\ﬂ*ﬂ EY—2-KH-DREALBRESZT I ENERS.

% 2:ReserveldfiAmitm - U P IILTENETNHWE (clearing) 473 M, ﬁuEIFﬁB—;T%’J/EL/Te;li')"')b&’fhfd);zi‘“&ﬁf‘9“ RT-SCEDIC&> TkWhEER&E/LLINZReserveDHNEFE

BICPBITBRN T IRERHEEED,

%3:RAC(Reliability Assessment and Commitment) DB, BIHTHZEDFTY AL -BEVWAMNICLDINEBR TCIEMNEROperating ReserveZBRTERVES. PIMBEMTSCUCZEEE,
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PIMICHITBDENEE| - RTLEADEIE

o UPIVIMLICHITRRIFERICH VT, Energy Requirement(EE&E)&Capacity Requirement(KWHEE-
ReservebEBE)ZMmIZ I LDIC. PIMIFUY—XDOREFLEANED (SCED)Z1T5,
> Energy Requirement:PIMEAN & DEXNESI (FED) EPIMICHE TSIV TPEETF D GET
> Capacity Requirement:PIMORIERDEHEEZHITFISZHICHEROperating Reserve

o PIMIEMFZICALINEZIY—ZAN 5, Energy Requirement&Capacity RequirementZzi@mizdLDIC)Y—R3
SYMXIUNERET D, CDOEF,. Energy RequirementhS5PIMEBAEDHETEEI(BEED)ERIV IR I 1—IbEZEUS|
WEBEN.PIMARTI 21— D T—IL)Y—RIZEZHL. Operation ReservellHEITIBEIFPIMDEHEEICL DT
FOFZEENREIND,

| U791 LaTHBICEFRUY -2 27T 12— IO ISE R

MW
: Operating Resérve Committed at
Requirement PJM's Discretion
Capacity External Pool-Scheduled &
Requirement Bilateral Sales Committed
PJM RTO
Enefgy

Requirement

External Bilateral
Purchases

Requirement Generation

Supply
HF) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.137, 2023%F3HA31H &Y= AHEFIERK
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ERICW T BMust Offer Obligation(1/2) %

BHEmH(RPM:Reliability Pricing Model) TEALINIZEZBREFTZEHENEZH(FRR: Fixed Resource
Reaquirement)zZfd5E/RIEZCapacity Resource&H(ENsd, Capacity Resourceld. tifEZ (outage) D7z6
ICFIETCERVWEATHOTCHE . REA I 7—ZRIHMGAREITZVANA T 7—&#HF (Must Offer Obligation)Z&5,

BROFE -MBBEFCICU. ATE CTOVANA D7 —RBEZRITITIZHDANTANUTORBYEDSNTWVD,

Manual 11 2.3.3.1 Capacity Resource Offer Rules:

HHFR)

FHICRPMZEZIFFRROZI VX U NEFE T2 CNDCapacity Resourceld, iEELE, FHEZELE . (REHMELEZFDFIA TS RV\IGE
TE. BIHTIBADTEY AN ZRE T DNENH D,

Capacity Resource Th 3 ERIL. R7HEOFAREM (Availability) ZirH T 2HENRGY . BHLEIC DU TIlEnon-
binding(BER[EE) 07 J 7 — i ZRE T D ENEFRD,

B (notification) F7z (FEEBBFRE (Start-up time) IZ248FELL_ EEE 9 S Capacity Resourceld. B7HMEICU TR A
ER DT SAAR=ADA T 7 —ffitE (binding price-based offer price) &2t I BN H D,

Capacity Resource & ICEERUZ AFLIERIE. BBTRMICRIDAFLICE D T EESIND XTSI D.1BL. DA —
ADBRIRIVF—@H& (Increment energy offers)n'$1,000/MWhZEZ 35 &1d. FHICIZBEMIC$T,000/MWhT
TrvEINnd

Capacity ResourcehDay-aheadMiZ CRT I 1—IL NN O/1ZEE . ALEBIEUTUZIVIMLTBICTA I 7—9 5 T
WIRTI1—IVICEETBD_ENRTHKSD,

PJM, “PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.29-30,2023%38318 &YW =ZHRESHFTATER

Copyri

ght © Mitsubishi Research Institute 93



MRI

ERICW T BMust Offer Obligation(2/2) %

o AEMIH(RPM:Reliability Pricing Model) TEILINAEZTEHEBRIR -KAO-HK-BEVY XX VY—RER &I
BHMIS CONRANA D7 —BEZBITIDZHODANTANUTORBYUEHSN TS,
> KAREBIIEINTZXTIa1—I)U(Must Run) &EUTESR
> ZEIMHBIXR(Intermittent resources)®HEENY—XIE. EIVTRXRT I 21— (Must Run)&EULTEEIT DN, /=
[F7 4 RNy FRBERD)Y — X (Economic) EUTERHRT D& & EIRATHE
> BAKEEBIITCINITRTI1—-ILEULTERF,. FRIIPIMICLZHZEEILET IV (pumped storage optimization
mode)ZAWVWETA RNV FEULTERRT D& ZRIRATAE

Manual 11 2.3.3.1 Capacity Resource Offer Rules:

« Capacity Resource&EUTOIvhrINZZHMEBI R (Intermittent Generation Resource). /\1 7w Rr&EJR(Hybrid
Resources). F&E')/—XZ(Capacity Storage Resources)l&. TV T X7 1—)U(Availability = Must run) & UTEET
DM\ BEULIET 1 R/ yFafgerr! ) — X (Availability = Economic) EUCRIHTBICA D 7—ZREITD_E T N AMA T 7—
EREBETLTV\DEHFRT,

ESREMETILCX) THD/INAT )Y RERYM )N —RE. IV ITRTI1—IVEUTEFRTDCETDH N AN T 7 —FRIE=ET

LTWBEHET,
- BREBIXRHRERSLUVEBEY—RAORIBMHICHSIFTD LI ITIRTI 1—IVEL. BEICL D TERERFEEERDAREEN D
Do

. 7kKAHFE(Hydropower resources) . BRMEBIROATIIICEFEND, Capacity Resource&E LTI RINTZKAHFH
Bl LIV TIXRTTa—)V(Availability = Must Run)&EUTESR T B E VAR I 7—REFEZETUTVWD EHRT,

« Capacity Resource& U TOIwvhEIN/zHEKFEE (Pumped Storage Hydropower resources)|dtz)V XTI 1—)bELT
B9 dH. £EULIEpumped storage optimization modelZBHWTCEIHTIBICA I 7—ZIRET D E TVANA T 7—FHiE%E
BITUTWBEHRFRT . £z, CONZ27IVIT1DEI3V2.3. 4 THRRSNTWLWBRESRSINETIVCK) ZFERT I EETE S,

X ESR participation mode(Electric Storage Resource participation model) . EE -BRERKICERILIIENAIIRX—F9—-DEFEIYV—2
OHIEBMEEDEIN—ITH 3. BE. PIMERICHLTESR Participation modellCZE T3 EREDILIU ENIBKTHY . BBHIZIFEAEHSNEL,

HAT) PIM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,0.29-30, 2023F3831H
PJM, “PJM Energy Storage Participation Model: Energy Market”, p.3, 201938158 &Y =S FATER
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)P IWILLTHBADIY AT 7 —RBFOFE A

o UPIWNIALMBADYAA T 7 —FRBICATIELHEIRONTVLWA GIAMB TRATI 21— IV EINEEREIZOEAZUT IV
1L TRD(EETD)ERMHNERHFZED,
o UPIIAMLTHRSBFW(RBLSWVW)BE AMIAMBE CRATI1-IVSNZEAECDRED ZEHNICHEREISIRBNEL D,

Manual 11 2.3.3 Market Sellers

- BREMGCTHEUL]Capacity ResourcesTHaNEMNIEANS T T|UFTHBIHRE!)—X(Market Sellers) [CIXTEEDIL—
IWZEERT 3,

« (HB)
« HIEWBRCRTI1I-IVENZERIE. ZOHEANZIT7INIALICTEIEMINFHEED,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.28, 2023F3H31H kY= EITAER
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BHMIZE COREA T 7—DEEFHR(/2) A1

® Operating AgreementlC&kd & BIAMGZICH TR TIEBERBIVCEDHEEA T 7—ICEHTD/INTX—FICDWVWT. L TDIA
BZ&& T,
o BXH.INUNICEZHOEFEENHY ., InLEmP)Y —IXAXFICKHUTERNRINT LS,

2 A

B —ZADBPIMDT 1 RINYFICIHEITE DIRREICT B =dD IR b,
Start-up Costs ENE BREI DR N BREIORA N X7 RMER, SER 2 /ER. EEER
TR INS,

TRLF Tl BY—2% KBETNTIC(OMWTRES & 0) AR BHOREE
Energy No-load Costs RIEENE EICEDETHRETE258ICERm LEMNERIR S,
market BRI Z S RBOX S XD T T IIEN HEEEIS/MBER TER I NS,

EIHAFBNEN CREZTORICHNER RELNBMUI MR,

Incremental s SR < =5 g (7 iy “
Eneray.Offer SRS E g*ﬁg_ﬂ&_ ?1 I%) BB X7 EN BEEEIS/MER BRI NT

Commitment availability status&=$§9 ., £FE I DEREFDHEIC

Availability Eﬁ_ﬁfg IS0 T, Must Run, Economic, Unavailable, Emergency®\\g'n
7 hEBHT 5.
BERINTA—H PIMO'S DEFEMMNAEHIN THSFHEEIZ Y bHREIV— I TV XA ZFEts

Operating Notification Time | BRSNS I BETORFE, /N TTRE. R s, ZOMEBERIEDEENRE HE

parameter IZvhOEFICET I BEZSOREZIET,
XORIAIZ R < BEIREE (cold/warm/hot) ICLK > TER S,

Ramp rate S —bk REI1-VOBSDOENDERZE(MW/MIn),

HA) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.28, 2023%3H31H
PJM, “Operating Agreement OA SCHEDULE 1 - PJM INTERCHANGE ENERGY MARKET (Effective Date: 6/1/2023) 7, p.5, 2023F6B1H KLY =R EMEF{ER

Copyright © Mitsubishi Research Institute 96



BIEHMIS TCOREAT7

—DEKIF®R(2/2)

A

® Operating AgreementlC&kd & BIAMGZICH TR TIEBERBIVCEDHEEA T 7—ICEHTD/INTX—FICDWVWT. L TDIA

BZ&& T,

o BXH.INUNICEZHOEFEENHY ., InLEmP)Y —IXAXFICKHUTERNRINT LS,

) R
'\ﬂr‘r‘]rgﬁﬂ‘oﬁﬁ)” BB | B U— BT L TEEILATNIEE S USRS,
MTai‘ﬁre“‘aToﬁﬁ)” SARERERE | %E)YU—INUTILIMLTPIMOIEEEBR THREITS 2 RER,

EE/INSKX—=Y Seeimeliie — Economic DispatchlZftLWVa i SEETE S&/\DHEABEDE,

Operating e

parameter ;
CATEDES Encaox?mr'ﬁ - Economic DispatchlZftL\ S EEETE B RADEHIEBHME.
Emergency e E S PJMA'S5EmergencyBNFEL TN, REEDEBZIERSNIZIEIC, (KB
minimum MW FEIERIBL/IZ | a2 NEEKEEDR/)\FIRE,
Emergency e PJMA'SEmergencyMFEL TN, REEDIBINZEIE RS N/ZREIC, 10
maximum MW SIETER = | SEBRTREEDEALIRE,
Synchronized
reserve maximum — Synchronized ReservelZH [T AFLAIREED TR KIE,
MW

Flehmhis Secondary

Reserve Reserve minimum — Secondary ReservelZlH [T AL ATREEDE/IME,

market MW
Condense to
generation time — SEFEEE N SFHREBET—RADEGIRICE T DHFE,
constraints

HA) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.28, 2023%3H31H

PJM, “Operating Agreement OA SCHEDULE 1 - PJM INTERCHANGE ENERGY MARKET (Effective Date: 6/1/2023)

", 0.5, 2023F6A1H LY ZEHEFREFER
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BIREE) - L AT ICEANSHAEAT 7—IRH 1

¢ PIMODEE. CIIRTI1—IVERHNMEHI ZENT  REA T 7—ZIREITDIERIZ. EREFHDAE(UC) . EFFD H HEC
PDLETRIE(E). Three-partsiBHR(IAMM—=RAT7—FRETSAAR—=IAT7—%EMIEp. 107 LUREIC THER) .
BE/NSOA—YEDRARIEBZEHRT D, PIMIIIREINEZREA T 7—ICEDVWTHENERZEKET D,

o BEREH(UC)EHANENICEATZIRT—YRELT.UTOEBNREFSNS,

> Commitment availability status:B8REFHDHEEEF
» Dispatch availability status:Economic DispatchlCHWRNSEZETETDIHEAESE(MW) DERK  /IINE S5

| %84 T77—D>55. EERE(UC) EHENRSICEHZEHER

SEKIEH
TRt LUTFDO4ADDIEEHNSTDZERLTEFT D
Commitment OREEHNBSEREBZHEESEIZA (LI IRATI1—)b) :Must run&EUTEE

availability status @ Economic DispatchlC#i€53158(F—ILXAT Y 1—)b) :Economic&E UTE
Q BN LIRSS Unavailable& U TEE%
@ Emergency Dispatch®[CDAHFIFAIRELIG T :Emergency& U TEE

H:'fjjﬁaﬁ Egjit'jjj Economic Max.:Economic DispatchlCfEWVWVEHRSEETE SHRADENEDEZ S
Dispatch i pay]

availability 2\t H
= N . - . —_—) ~ W~ N =

status oy Economic Min.:Economic DispatchlCfeWWRNSELETE S/ \DHIENMEE S %
=]
KIVRTLBRABRBEHFT I 3HICYZa7IV - BFNBAXNANNEERDIER, MG NTRTLEIHENRE . MBTR. RFHNRARL—VIUNKHONDIEETRR -
AEBNEBZ. PIMEBATOEEEZEREICEODTPIMO7ZIUavRRDENZIEFEEEZEmergency conditionEMU, COHBEIXPIMICZLSEmergency operation
BIThHns,

HAT) PJM, “Open Access Transmission Tariff - OATT Definitions”, p.1, 2010F9817H. PJM, “Operating agreement, Sec 1.10 - Scheduling”, 2011E7814H

PJM, “Market Database Dictionary”, p.10-12, 2015F4H81H. Monitoring Analytics, “PJM State of the Market - 2023”, p. 143, 2023F1088H
PJM, “PJM Manual 13: Emergency Operations”, p.10, 2023FE8H24H &Y= EHEATER
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EBEOANNAEZ(CIVIRTY 21—V T=IVRTT1—=))

MRI

o LI IRTIA=IFERIFT—IVRTI1—ILOWVWITNERIRTDIEETE.RKEA T 7—DIRENKDHDOSND, BREZED HE
RN IRTI1—IVEUTEREEETIN.,. T—ILZATI1—-)LEULTEBEILHEDPIERINEEHTZIET.PIMIE
mEZXHLTWLD,

® Economic Min.&Economic Max.®BEOEAHIEZ. PIMODEconomic DispatchIZfRED ZENFRERHE H
(Dispatchable Range)ZRU. T ITRTI1—IVEBRMNENCEDSTEET D,

| ARl A%

TCIVIDRTI 31— T—IVRTIa—)b

= =sz | COmmitment availability status% Commitment availability status#z

OERERZ S5 Must run CE8% Economic CE4%
@Economic Economic Max.: Economic DispatchlZ Economic Max.: Economic DispatchlZ
DispatchlICftD | /KD CENTET D2 AD L EDE D CENTETBDHZADHEDE
_EDFEERH A | Economic Min.:Economic DispatchlZfit | Economic Min.:Economic DispatchIZHE
= Nk DCENTETBd/NDEE R E DCENTETBIR/NDEE D E

MW
A

0 Economic Max.

PJM®MEconomic
DispatchlCfig>Z &
ANGIN=i=2ANS e WAL=

Dispatchable
Range

Economic Min.
TIVIRTIa21—Ib

ERCU TS )
hiEET 258

MW
A

0 Economic Max.

PJM®MEconomic
Dispatchlcfit>Z &
ANGIN=i=2ANs e WA L]

Dispatchable
Range

Economic Min.
SCUCIC K> T

FIEZE L. EE

S e T
CRETZDE

HFAT) PJM, “Operating agreement, Sec 1.10 - Scheduling”, 2011E7814H
Monitoring Analytics, “PJM State of the Market - 2023”, p. 143, 305, 20235 10A8H &Y =L EWEAR{ER
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A MEZEELSESANLFE(TOVOO0-FT120T) B

PIJMIC&LdEconomic DispatchlZfed C &gt AF (Dispatchable Range) Z#77ZQV\WES&. "Economic
Min."&"Economic Max.”"ZR—{ETCEHZKI D ET. H NP ZEZ—FEICEECIETDCEN KD CDOKODREFZAE

=J0Ovo0—T14>2% (Block Loading) &MU,
BEEEOAE(CIVITIRTI1—)b or T—IVATI1— L) ZBNHT . BETRETH D,

| AfL53E

JOvoO—F1Y

ﬁigggw Commitment availability statusTEEND A T—Y X% ER
QRE=E%ELR | Economic Min. Economic Max. ZRE—ETES

MW
A
® Economic Max. = Economic Min.

BIREERFC, SRUE
EEDENHHEET D

HFAT) PJM, “Operating agreement, Sec 1.10 - Scheduling”, 2011E7814H
Monitoring Analytics, “PJM State of the Market - 2023”, p. 143, 305, 20235 10A8H &Y =L EWEAR{ER
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BETS CERCNEREL I 7 —IC a5 MR
25T 1—ILDLLE 30

e 2021EICHIFTBAPIMOBIAMIBICEHRKINZREA T 7—DOIE. FICEFARE. KAREBICHPVWTEBILIRTI1-I)bE
ULTAHZTO>TLWBRBRELEAFL,

| PUM-BIEFBICERINEREA T7—DHE(20215F)

Must Run Econamic Min. Dispatchable (B MW

94 %

1?;;:%& 6% 29% 64% KEHFE m 86%
0%

0% 1%

0% 0%
= s
""?JE%%' 19% 19% 61% Okl 18% 40% 38%
PAARE P o [ EEEEOFES B HERS & ORGEE ]
(Z0fh) 4% 20% 76% o

Economic Max.
RFHRE 339 [£11% Dispatchable Dispatchable

Economic Min.

(=]
(%]
[ =]
=5

XEFERLADEZE100% N SREETIEEEH D, HARICESVTEHL TS, PILITASD1-ILBE J-ILATU1-IBE
HFfF) Monitoring Analytics, "PJM State of the Market - 20217, p.137, 2022%F38108 &Y=ZHREMEARIER
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REZEICHDDIERATI1—IVDLLE BApjm

® 2021FICHIFB . PIMOEEBEICHDIRZRATII-IVDLEREILUTDREY,

TRI

|PIM-REEBICEHZIEINITZRTI1-IVERBDLE(2021F)

| BIIRT T2 I F—WRTT1— |
Must Run - . . .
- Elock Loaded - (Economic Min. ) Dispatchable Block Loaded -Ecunumlc Min. Dispatchable

F AT 11%  [BRA 21% 20%
M5 | |
v
MIETONER/RTATI1—-)b
(BEBEL - BHERS)NELELTIRABEDES
RIE™#H :55% (DispatchablelZfRETHE31%)
7S L:56% (Dispatchablell[REETE£29%)
[(EREs A EE HDEC S & OGER]
MW MW
Tes Economic Economic [ r——— Economic Economic
Max. Maxli Max. P-"la:-cli
Economic Block Loaded Eﬁ:r‘ﬂmic Economic Block Loaded Eﬁ:tﬁﬂmic
(Economic Min.) Min. Economic Min. Min.
e P i e e e [ V= 5 dT=NATUa2-NBE

LAT) IVMIoNITtoring Analytics, "PJIV State OoT the Market - ZUZ 17, p. 137/, 20225433 1UH K% —ZHTtH 5T ERX
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[ZF K

£

ICHITDE

CHY A

MRl

e PIMTIZETI

| ¥BIcHIT2E

0% -

20% ~

40% A

60% -

80% -

100% -

1 |

RERIEHI0% &

MISO

16%

1%

8%

ERBR(EBLEATMWL LDOE
CAISO

8%

0%

DPRCRAAR-AR-RFADKRFZLHDHTWVD,

PJM NY-ISO

6%

S%m

-3% 0%

0% 0% 0%

R.2023F9RAKR)

/
/
/ / 7
’7 / /
A /
s / /
A / /
;o /
/ 4 ’
/ /
! / /
/! / /
/ / /
7/ / //
/ / /
/ ;o
/ Y
y ;o
A P
S, L
// / s
/ g
S L
/ 7/
11% s
YA
/
.
;o
/ ’ e
s

4% /’/:://”/

FDOMMBIX
********** S EY 2 (k- BE
Rl IEEL T oA
FDOfh

HFTEIA, “Preliminary Monthly Electric Generator Inventory (based on Form EIA-860M as a supplement to Form EIA-860)”", BgEH2023F11878H,

https://www.eia.gov/electricity/data/eia860M/ &Y =ZFMEMFFAIERK X T T T7REDEFR L ARENE—DREEZHEL THRRLTLD,
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MRI

BIXRDEE - HAOBDICHRDIAT7—I5HR: giE ™IS B

o MNBRIEEFEKIC.BIR(Intermittent Resources)®EHFKEAT7—&UT. Three-partlBREIFTTIEEL,
Commitment availability status¥®Dispatch availability status. ZOMERZET (S TL—rF)ZEHL.
ZOBERICEDVWTPIMBRTA ZANYFERET D,

o RIHMBADVYAGA )7 —RBEI . MOBEBREFAKRICEEIIVIAVEDEREICL > TREIND,
> REMH(RPM) THEFRLZFIERNEZNZEI2BIXRBRE.AIHMBADIN AN I7—KRBEE T . _CDHEE.RES

FERFHHOIREIVYIEDERETAEZPIMICERITSIUNENH D,
> REIIYMX UM ZFEBVWEBIRERIZ. A7 7 KB EFREEOSNLBUVN EENGAVIEZEHNE U CRIHMIEARES
AT7— BB ITDENEHEKD,

e FIHMB CRTI1—IENLERII IEEIVCEDEHANMEEZDRORBEMBEB TR TI1—IL(KXEZRNRRFEET

B)TNBBU.EEHRODBIXROEAAEDICOVWTIIRIEBEBOUZIVIALTIGZTDIR/RWVWESEBD &,

Energy market practices for Intermittent Resources

« IXRIF—DHFDEAN. KB KAD(BEIUCFDOMDIID)ERIE. SESFREBRAYY  MBEEGE|IRE) LY,
BAEIRIVF—THBICHETDI_ENTED,

- BREMBOFERFEESERERIE. FIHBIRIVF—MIFBICHA T 7—URIFNIERSR,

« TDLEIGERE FIBIRIF—MHICHENT, ZOYIENGEAZ TN TPIMICREIANETH D, B NFE
B KGR EDLZA. CNIFEHDTRREHEEZY D FALENHZERIRT D,

« PIMIF. AHRBERBAREND I YL EICFRIZEILIT, ZFDFAIZEMarkets GatewayD O/ 45 —ICig
HU.BIHOREA T 7—ICFBATETDLDICT D,

. HIAA—2Y3VDE. TONAY—FREROENRT D1V E 52 5N, ZORBRICIESBEOMEASEN
2

HFr) PJM. "Energy Market Practices for Intermittent Resources”, p.6 , 2022F 28 &Y =ZHBEHERIER
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BIXRDEE - HARDICHERDIAT7—IBHR:V7IVIMLTHIE 1

o —MIC.BIREJEIFEconomic Min.Z0MW. Economic Max. 2590 DHEEFHAEB(MW)EULTEFHRITDETHFH
EEXEODRETFAE~OMWOEBEN CHRENRERE DT (dispatchable range)Z5%E9 D, TDE. RFBEMYOOIX+
BHRZEFRZAT.PIMORT-SCEDIC&E > TREHREAEDE(Economic dispatch point) hMREIND,

e HBIXRETERIX.IVIRILIYVEPPPARZWNEZRATWVWBRZCENS BEIFOR/KWhEUKIEFNUTORATA T TSA4RXT
PIMAREA I 7—%Z2RETBCENZVETND KO TC. ZMEBRAERN—TTERIN. RFBEMHEINEITNIL
Economic Max.. DFUHREFEZENRTHBE TCERULEETAE(MW) TRT-SCEDICKE50 DR AR MNRE
INDEMNARETDHERIE. Economic Max.~Economic Min.Q&EBRTEHAMSE (curtailmentZ LU
downward dispatch)&tns,

| U791 LM FBRT-SCEDTO— | Intermittent Resource D—EMBRFEEA T 7 —
« 57OV EDRT-SCEDICL>T.BIXRZZTERD c ERCNEREA T 7—ICE DT 2EREXIIHAIHEINRE
HANEDERET D TNnd
|
A
O Economic Max.
vl RT-SCEDICET, | —58TENOBIXFREESEH
- — | O I RTSCED Case Executes I PJMb\\Hjj]EEﬁEI
—f—‘—*—o—-ﬁ-ﬁ e BERENTERS
1145 1150 11:55 12:00 12-|05 e 77—l TSR
. s ‘ . . A I LPC Case Executes I (D|Spatchab|e)

Economic Min.
>EEIEIOMWTE SR

HANEFEEEDANBRICEDITATHY. ETCOEIREFENLELEDLSBRHE
BAT7—ZRELVLTVBEIERSRVWRICBENMMVETH S,
HF) PJM, "Energy Market Practices for Intermittent Resources”, p. 2-5, 2022F28 kY =ZHBAEM{IER
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[(SZ1PIMICE 1T SKIEIE - BAD L IMH DFEIR: Aojir

o 2017FE3ANMB2022FT1BDHMICEVWT.PIMBRDIZEE2TORAFEEBFR(754DSE571H)IEISCEDICLDH A
FERZEIYZATIVICEIDEAMHEERBUTVWD AL N Za7IVICKDEAIH EFZITHRDPLTWS,

o KEGHARBEINYZ1A7IVICIDEANIMEINERINTLDIN, HEIZ27T1HEDSIED 1584 D0, KEEHFEEDINHI 43X
2019FENSHRLZICEIMLDDH D,

| PIMIZE 132 KB BADEAMEORERR (201738 ~2022F1 BB A, HEIEMHI NEREFOER)
=% Im Number of Curtailed Wind Farms and Solar Parks

" 60

&)
o

P LIPS

S
o

Number of Units
w
o

20
10
0
o i{ﬁf@i@i\@\:@f@:fﬁf% fw \fm f‘b fw fm f‘b :c:q, fm Ny ,,;L A S ‘L\ P Qf;@l QX@Z@?@T%
® Wind - SCED Curtailed ® Wind - Manually Curtailed m Solar - Manually Curtailed

HAT) PJM, ” Wind and Solar Curtailment Metrics”, p.4 , 2022F 28220 KLY =ZHREMEFR1ER
106
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BRICRD SN ME: MR
HEAT7— 0B BMEIEEE/NS X— I DEFERE(1/2) 1

@ PIMOEREA I 7—IILUTDIBEBICRAIN. AT7—RXDICEL>TThree-partsigilEIBE/INTA =YD
BEkIC—EDHRENFEOSND,

EER/ D X —FHHIFTSE EHR/ D X —HHlHIEL

ARXRN—=RAT7— TSAAR—RAT7— TSAAR—RAAT7—

Cost-based Offer Price-based PLS Offer

S
XSFSEE

0 REAT7—ZRETILERIE. RIEIDULODIRAMM—=IAT7—DERENKHSND, PIMTZ27IIC
EOWTCEESNLEIAMM-ZADEHE. RIBELNE. BORBEICHL. TENETNY—I210%Z LEREL
CEJZRIDCENTBHOND(L1ZL B HRBEIZ2,000$/ MWhH ER)

REA I 7—ICEFRITDIERDEG/NTAX—FIE. PIMEEFEESNZEN, TNIVFEHRREEZERT D
& (Parameter Limited ScheduleXFSRB)NEFMAITONTLS,

@ JSAMAR—ATDOANEBEREREITDIERDES. IR —XAT7—%2REIDULRELELET. T3531R
R=2AAT7—ZRETDICENREDHOND . Z1EL. BEMHB TONEBEICL>TIRENKDHSND
77 —RXDHhERD.
> BEMB CHREUVEBEN T SAAR—ADANNZRETSHE S (Capacity Resource) EER/NSA—

PG ETSAAR=XAT7—(PLS Offer) =g iIRET DI EMNKHEN S,

PLS OfferziRHUEBE.. BTG/ STX—FFHINEBEL TSI AR—XFT7—(Non-PLS Offer) B2 Al
BEE D,

> AETMSE THELTVWERWVWEIE(Energy Resource) (fFBD T SAAR—RAT7—RXo%&RETDIE
ME[BETH Do

X3 PLS:Parameter Limited Schedule D&, EE& /NS X—4% (Operating parameter) DEFEFIC—EDEHFRENREINDS,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.30-37, 2023F5H831H
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)”, p.43-44, 2023%881H
PJM, “Day-ahead and Real-time market offers effect on Market Clearing Engine”, p.2-9, 2023F38308 &Y =R ASMEFIVER
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ERICRD SN EHE:
REAT7—ICH 1T BMRIRE SBE/CS X — Y DEHRE(2/2)

MRI

BEMH(PIM) Three-partsiEiROMERRE
e N SEE/SSA—ID
wELrmr | PELILEY —_— mEinm | EOMEE R
ﬁgsgjrcclg (Energy S (o leenl) (mcremoefr]l‘é?l) energy (PLS or Non-PLS)
resource)
A3t7'$2,000/MWh%E
B2 RVEET, v —JY
JzkAa—z | BEIDLULED | RETIOULED | PIM~YZa7)b | PIM YZa7)b ﬁ‘ozc,/o‘%é%t.m 00 /MWh FRIGRINIES
FI57— ZAT77—REN ZI77—REN ICEDOWTEE | ICEDVWTEE | prssphsinsa s | NTXA—F XELY
&5 =55 SNZIZNS | SNEIRBT | gasge RERRINTA—Y%
(Costbased | (122477~ | (BK124T77— | V-IUV10%%E | V—IU10%% . | BEIRZICNER
Offer) $2H7T) $2H7T) EEREETAE G ($ Azgofg\%ffgegg N3 (PLS)
== RN
E720))
B/ NS A—Y RAI$1,000/MWh% . N
HEE | 5o —20 FRRICERE AT AR %Fﬂfﬁ"‘gn?ﬁ%
FSAAN—2 | ALERERED | A ALt
ZI77— 58, A7 1R ARRA—ZXIE | DARR—ZX[F f’}i‘fgfc‘b;ﬂ““—xwfﬁg‘ BB AER
(Price-based | HP'HHS TSAAR—RD | TIIARAD | TFAAN—R0) %ﬁ%%y gg\?\/,t/l_wzafié INB(PLS)
PLS Offer) AMLBEEED | WITDEER | WINDTER | L <5 000/MVhOS -
T — A CE5n | FRE FIRE S5NNTV\FE ERET B,
HgmL | AN A ;gg;ﬁ!ﬁﬁf KTTAAR=R | HTFAAR—2 §$;324°$1“§Y7"Tﬁ%%
=g | MUBERERS, RS DEE HECTE | DBACEECTE | oot s gad 2y
TTAAN=Z | 15PLS offer EEAThE TR ROZANEIRT SUED | gmympmspreeTa
*IP— R LTS REARE RERIRE Bofh e pmAmRS | TR
_ 2 TWB, BAlERETmIg | (100
(Price-based | Ha, 407~ &, £BR$1,000/MWhIZ
on- =
Offer) AJRe FIRRIND,

%PLS:Parameter Limited Schedule D&, E& /NS X—%(Operating parameter) DEFFIC—EDEHFRENREINDS,

2R PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.30-37, 2023F5H831H
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)", p.43-44, 2023F8A1H &Y= EHITAMER
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TBEEE AT REDAREEN 557 )7 —BHRINT 5 MRI
ENTIE COPIMDISE Y

o I— NIV CERNATGXENEZTEITDAREENGDEES. PIMTIIEROERO >EODEEE RS
A7 —1REEBEOHESXEATEITREEOEEICL >T. NELEBICAVWSAT7—RKo= 4T D,

® Three Pivotal Supplier Test(TPS Test)ZAWT. G| OVEAM CHIBXENITETEEDEES
M9 2. I-ESNEA T 77— Ko DOHFINSHELEBICAWVWSRZENTRERA T 7—Z BRI S FHIBEENED
SN, FOHRNSREEVWAT7—ZHRALTHNENIEBEEERT D,

| SOV 0ERRRETEXEHEREZ. WERBICAVRA T 7—EHROHE = BIR
LUTFTDAID7—EXSDHEHIASKREEK\NAT7—ZFHH

Three-Pivotal Supplier TestIC kB #IE

TS D& TETRE MISERENZEITHETIRLN

ARXANR—=RAT7—

: LTV A = . OARM—=RAT7—
R Bx _ 145 . _ | JARA - |

?E%I;\i;i@j%ﬁ%’y_ﬁw%4z&—z#m _ | EE/N\SAYRIRU T DA AN—RA T 7 —

*BAR(Emergency Conditions) &l PIMM (1) BEEAEE(Maximum Generation Emergency)Z&EaUR., (2)RAREBRE7>—hH
(Maximum Generation Emergency Alert) . EE&7>—F(Hot Weather Alert) . BBE7>—F(Cold Weather Alert) X SUE. (3)EBBHLAELL
<F—HEBMTFC2)DERET7S—rZ2FHUTHRBRAT V12— VOB AZET. RREER (Emergency operation) LB 5B&ERERE4. THNERFDOSS T
W TEEEEDRRGEEE - AN T RIBHE,
HFr) PJM, "Background Information: Parameter-Limited Schedule (January 23, 2020)”
PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.48, 2023%F5831H
PJM Interconnection, L.L.C., “AMENDED AND RESTATED OPERATING AGREEMENT OF PJM INTERCONNECTION, L.L.C(Effective Date: July 14, 2011) ”
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)”, p.14, 2023FE8A1H &Y =ZMEHEFIIER
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MRI

o CIIJRTIYI—IEBRIZ. TRHEIVNEDEEZL VI (operating range) ZREIT D, PIMDTARANYFTERIT D
HICEETDMEEIREITDENEEKDIEINTHY ., Dispatchable range&E ZNICH T DB MEE
(incremental energy offer) ZiRHE T 5 &ZEL VWD EEZASND,
> MBEE(LMP)EY—IFTIVERDELMEIE (Incremental Energy Offer) 8B UTREIND=H. BIL TR

Ja1—J)VEIRMNEconomic Min.¥Block LoadingTHEULLEZE. T3 RTAA—EULTIRE O TLDIEEZ SN D,
> Economic Min.Zz#Z %Dispatchable range THELZHZE. PIMODEconomic Dispatch®D#ERRE T,
R=IFIVREIVIRTI1—-IVERDEIMRHNEEZSHEL THIBMER(LMP)ZRETIENEEIT S,

o AEMB THNELRLER(Capacity Resource) BRI ITRTI1—IVERELVTEHULUTVDIEE., BEEEICIIRES
J7—ZRETDICENPIMDORDOND, COFHRETIREA T 7 —[FAAN—IFT 7=, TSAAR—XA X T7—%
IR 92155 5EPrice-based PLS OfferDixH 95720 EEH/INSTAXA—F—DHH(PLS)ZXRITDEEZS5ND,

| 12 @H (LMP) 2T 3 ENTERT A R/ICOYFRS

T—IVRTI 21— IVER/

7__“'( Z/\o‘ya—_o)ﬁig t)l/jzlj-yl_)b'%:il\ — () el CEPAY B — 8
i i TG R T — u = ~ PJ M@T%Z/\“J}TET\LED 'EE‘/ 3
(Hi7808) (BRAI 1=V FIIY XD M ERE) (PIMBR L= RS kA I EETE)

Block Loaded s . Fast start Unitdd»
Economic Min.£Economic Max.=F—E &8k UIEE LMPEDXE@_%*E*J““L/ LM PEEQE?%*E*U;%U
Economic Minimum N Fast start Unitda
Economic DispatchicfeL V4 SIS T BRI E(E LMPZEREY SHEFIRL LMP%Red 2HERH Y
Dispatchable iy 4 =k
_E\_C;L)?%Tic Min.&Economic Max.DEIDHEAETT « R/IVYF LMPE&E?%*'E*U;%U LMPEEXE@_%*E*WQU

HA) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.14, p.26, p.27, 2023%5H831H
monitoring Analytics, “2023 Quarterly State of the Market Report for PJM:", p305, 2023F9811H
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[ZZ]IANR—-ZADEEA T 7—ICEENSEH Apjn

& IAMR—RDAMNMEZEHRTDIACDRERIELLTDEY,
> MEOZRMBIOBAE. BERE. MAHEREANDORI T, VLD,

> HFEEIE 2R (Emission allowance costs) iCO,/SO,/NOXFFHEIE RS UVIC. RBEICE DLW TEENICELLT
ZIRFIN DX E

> AR =T 4T DA IKOBA/HKLESE, SILERE, BBAICRBIENOLLE. EFRICHEISENTDER
> ADTTIVRAAAN: RIEERFRAREDREICRDOLZODEN

> MEER I RAFEICLDEGHIRICRDIIRIVF—HISECTORSERY. BEHN -MEBENGRFEHINICHRIESER GEF
B - NBRED#HBIEEED)

o HEAT7—REEIL. Operating AgreementICEHINTVWBSFIEICKVW. EFHIA M RIEEAIXANBHYIRXNDF
NENICERTIO% ELEETITDIZENTRE,
> EAODAMIDWTIK.BIEBDEY . BEiF T3 BEH/NTX—YDEFRENBRHIN., IRMLERICHEZ=ZT 5,

| 3 2kR—2AT7—DEBRESR

Total Fuel Related Costs Incremental

2 )|, — Offers.
_|_ Il%)i,;—];\i) _|_ Start-up.

No-load cost
Operating =8 x9S 10%
Costs EERES

Total Fuel Related Costs = Fuel Costs + SO, Allowance Cost
+C0, Allowance Cost + NOx Allowance Cost
+ Maintenance Adder + Operating Costs

HATPJM, “Cost Offer Development (Publishing Date: December 16, 2020)“, p.4, 2023F10813H
PJM, “Cost-Based Offer Education (Publishing Date: December 15, 2020)”, p.6, 2023F&10813H
PJM, “PJM Manual 15: Cost development Guidelines”, 2023F8H1H &Y =ZHMSHEARIER
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[ZFB]AAM—AAT7—TEDHONDEY—I DKL

o IXM—XAMNBFIFIIEEIAMER+Y—I2E0UTI0%ND EEE (Adder) ITARLTDZENEDHOSNTULDH,
CHOLEREHBDPEMVNTUEANDIMBEBERF R REAT7—HADEETHDEHHIND,

o BH . 10%DLELEEIX. EFE. RBELNE. EOMBMEBEODENTNICAMTEIZENTSE
BREINTWS,

> N=UU10%XEEFT00$/MWOWITNNMNEWANERIEELRY  N—I D ZEE0HA T 7 —MEE2,000$/ MWhLL T TEHT
SWENDD,

EOMBEDH LRE EREN

- Manuall5: Cost Development Guidelines(p.43)
- (FE&)Market Sellers can include a ten percent adder in their start-up, no-load, and
incremental energy offers.
-J:(% %%%lat EFE. RIELEAHE. IBOMBIEICTI0% D EREBEITEIENTES,
- [EL(p.44
« Then the allowable ten percent adder for each MW step would be (&)
o FNFNDANEMW)ICINZABDZENREHSNTLDT10%DIEMND -

|ﬁﬁ%ﬂ§k%ﬁbﬂéi$ﬁiﬁﬁ@ﬁ 5%

MW Incremental Cost Calculated 10% 'leltatlon 'Allowable 10%
($/MWh) Adder ($/MWh) Adder ($/MWh)

100 800 | $80 N/A '$80

200 .1100 05110 ’Lessorof10% or ’$100 10% EZEESN$T100EBLT=1ES.
$100 10%TlEi<. $100MW LR/EINS

300 1950 $195 Sum shall $50 \
$2000/MWh BRBRWED, EEBNREEIND

400 2010 '$201 110% Adder=$0 | $0 BRI BN $ 2,000 5B TN B0,

FHEEFRE

HAT) PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)",p.43-44, 2023F881H &Y =R ESMEFIER
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a3 2

[SFZ EEH/N\NSXA—HEICHNZERIT B R - SREE 1

e PIMRMDEEEZE=(Reserve Market Working Group) DT, Monitoring Analyticstth s, [REEFXENFTEH
HDIEVEE /NS X—F (inflexible parameters)ZERA T2 CHBXERANZTHEIDIICEZRISITDIERNHITS
niz.

e 2008F12A1H. LD RICH T D KREFXENKEA I 7— U TIREITIEGZG/INTA—FIC—EDHIFRLEZR
[F3PLS(Parameter Limited Schedule) W& ANz,

| 2008FICiREENZPLSRIE ()
» Excerpt from the original PLS filing in 2008 (ER08-1569)

In order to address these concerns, PJM is proposing that certain pre-
determined limits (“parameter limited schedules™ that are based on the physical
parameters of the units should be applied when certain system conditions exist and a
unit has the potential to exhibit market power. These conditions could exist when (i) the
unit owner fails the three pivotal supplier test, and (ii) PJM declares a Maximum
Generation Emergency, issues an alert that a Maximum Generation Emergency may be
declared (“Maximum Generation Emergency Alert”), or schedules units based on the
anticipation of a Maximum Generation Emergency or Maximum Generation Emergency
Alert for part or all of an Operating Day. The factors to be considered in determining
the parameter limited schedules are Tum Down Ratio, Minimum Down Time, Minimum

HAT PIM, “Background Information: Parameter-Limited Schedules”, p.4-5, 2020F&1823H
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[SZNREAT7—FKICEHZRT DETZ/INSAX—F 1

0 B /N\SAXA—VEFBFIC—EDHBEZITIIANM =R ATr—FEIEE /NS X —YHIMN SMHBER—IF
J7—(PLS Offer) iR 93155, TacOEHZEBICHWUTCERHEREINTICEE/NTX—FEN . BICEKEK
RBEL/INTA—YZFRHRID_ENKHOEND,

=/IVEIERERE ¢ Minimum Downtime

B/ VBRI © Minimum Run time

R ABMEREEEZ - Maximum Daily Starts

EABERIEEIEIZ : Maximum Weekly Starts

BRAFERRE - Maximum Run time

FEEER] : Start-Up Time

BEEEEFEER - Notification Time

Economic Min.&ZEconomic Max.®Ltt : Turn Down Ratio

HA) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.30-37, 2023F5H31H LY =R EMEAR1ER
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MRI

o AEMHBTHELRIUY—X(Capacity Resources)Ild. Unit Specific Operating Parameter Limitsh@ERT
N3, FEEDBEH/NTX—FY—DFWICHHETERVIES. PIMEDIRE-

RAICKI>THIEES

RETDENERD,

E53001P % ) Min. Min Max Daily Notificatio | Turn Down [ Max Run
DownTime RunTime Starts n time Ration Time

Reciprocating Internal 0.6 hr 1hr 12 9] 84 [o] 0.1 hr 0.1 hr 0.1 hr 0.1 hr 1k 24 hr

Combustion Units

AERO CT Units 1.1 hr 1 hr 6 O] 42 [ 0.1 hr 0.1 hr 0.1 hr 0.1 hr 1k 24 hr

Frame CT Units 1.25 hr 2 hr 4 [[ 28 [A 0.25hr | 0.25hr | 0.25 hr 0.1 hr 1.5k 24 hr

Combined Cycle Units 3.5 hr 4 hr 3@ 21 3 0.5 hr 0.5 hr 0.5 hr 1 hr 1.5k 24 hr

Petroleum and Natural 6 hr 4 hr 2 [ 14 [E 2 hr 3 hr 4 hr 1 hr 2.0k 24 hr

Gas Steam Units

Combined Cycle based 4.5 hr 4 hr 3@ 21 g 0.5 hr 0.5 hr 0.5 hr 1 hr 1.5k 24 hr

QF Units

Solid Fuel NUG Units 8 hr 4 hr 3@ 21 @ 4 hr 6 hr 10 hr 1 hr 1.5k 24 hr

Sub-Critical Coal Units 8 hr 8 hr 2 [ 14 [E 4 hr 6 hr 10 hr 1 hr 2.0k 24 hr

Super-Critical Coal Units 8 hr 6 hr 1E 7 [a] 4 hr 6 hr 10 hr 1 hr 1.5k 24 hr

- Pre 2000

Super-Critical Coal Units 6 hr 6 hr 1] 7 [O 2 hr 2.5 hr 5 hr 1 hr 1.5k 24 hr

- Post 2000

Pumped Hydro Resource 1 hrllF 1 hr 12 [g 84 [ EHRFE S BAEROEEHEThrEL T N/A 24 hr

Battery O hr O hr Unlimited Unlimited O hr N/A 24 hr

Intermittent-Storage 0 hr O hr Unlimited Unlimited O hr 0O hr O hr 0O hr N/A 24 hr

Hybrid

Solar Units 0 hr 0 hr Unlimited Unlimited O hr 0O hr O hr 0 hr N/A 24 hr

Wind Units O hr O hr Unlimited Unlimited O hr 0O hr O hr 0 hr N/A 24 hr

Run-of-River Hydro O hr O hr Unlimited Unlimited O hr 0O hr O hr 0 hr N/A 24 hr

Units

Nuclear Units 48 hr 24 hr 1 1 48 hr 72 hr 96 hr 1 hr 1k 24 hr

HAT) PIM, “Minimum Operating Parameters Matrix Update”, p.1, 2023F11H3H

PJM, “Unit Specific minimum Operating Parameters for Generation Capacity Resources”, p.1-3, 2023F11H248 &Y =ZHREMER{ER
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[£2Z]Cost Development GuidelinesD & Y

® [Cost Development Guidelines(Manuall15) 1. OXRM—=XFAT7—DEKRAEICDODWVWTEERLIEZYZ27 )b,
> PIMTIE. BYIGMIZEEZHITEEEND LI TMHEXEADITEZE<EZHIC. ERESBEZBICTIAMM-—IAAT7—0DR
HZERBEMT TV 2REFSEEBFAVAPNICH O THEIRNZEEL. ARMM—IAT7—ZFRTD2UVENH D,
> TPSTAMDFER. BENICEENTSXEAZFREBU VDR EHIMSNAERESTEE L. IRM—AFT7—ICROITH
ET 3, FDEPIMIZ. AR —RAT7—DBERICEDVWTEEREI -V rDEEI XN (Production cost) ZREL.
FNRICEDVWTTAANYFIERSEHRET S,
o AEIXMNIEEFE RELNE-IBOMBAEDIDDIRMSEBRINTHY  AVZI17ILTRH. ZFNEFNOIISDHIRP
BEAN EEIZVFENCEICHFMICHEESINTL S,

Cost Development Guidelines (Cost Development Guidelines BJx)

1.6 TAYZ27)LDOBEMNI(p.14)EH 1. BA
2. ERE\EI-—VMILEIT DA
o AVZa7IVOBEMIE. ORM—IAT7—DIER A 3. BEFARE
EICDWTHEER U, iBE R s BEc e DR E 1 4, KAOREULEMEHILDETI—EHKE)
—YhEME -BETIPIMA U N—TENZENET 5. ANAMURTFAUIV(CC)RE
FEULRVWELDICTDIETHD, 6. HRAY—EREB(CT)RUTA—EIIVIVESE
o PIMIETGZECHDITEZTBHT D=6 BERIIC 7. KAOFEE
BENMSXEE NZRELCVSEEEDERZ 8. F¥RrRIJ)—X(DR)
Three Pivotal Supplier (TPS)7XMIL>TH 9. BAOFEE
HUTWB, 10. KEGEFE
- MEXEADFEREHNBHONIEEEIL. JXMN—X 1. EEMKROCTSAHRAI—I
AID7—ETTARR=RAT7—DI5, LWUMIEDIK 12. Energy Market Opportunity Cost&U
WHDAFLTT 1 RIVYFHR{THNS, Non-Regulatory Opportunity CostlCcDU\T
13. TS5V I RY—rREBDEARLIYRI(CRF) D

S

HFT) PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)”,8B'%, p.14, 2023FE8H1H &Y =ZHREHFEATIER
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® Frequency Response (GAEAH)
(]
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Frequency Responsell%DIRE = 4

® Open Access Transmission Tariff(OATT)ICEVWT. RESEEZEIZFOEENEH -IFEAPTHINICENS T,
PIMIBR CHRFEITDEIRIC—RFAEZHHEEH(Frequency Response) A\DILEHEEZ BTN kDN,

o REZ=XERX EROAEGHBEPICRAZENOREARZTV., TORREZXEBEFXRAICBHMIDEHNERIND,

PJM Open Access Transmission Tariff: 4.6.2 Primary Frequency Response

RBEREHL. ANTFRERAFOHEHEEZRE. #iF. BRI &ICKY . RERED—REAREBISZEN ZHEERURITNIEE

S50\ AN THERAINDMEEET D H /N T EEEOFIE ] & WS FBEEIL. JZTAH,&%IOD b RREIL . ERESHEZR (droop)

PLURREF/INT A=Y (ZHEV, BERER %EVE@%T&JLM\EMSHL% RIEDERENEHZEENICARE T DEENEETIT D,
BRI ERENFIHZIRBITDIUNER/N—RIITHLU/ FEEVINIITERERTIENDET D FKETOI TV MNEFRE.

(1) ZRE%DZEEREZE (droop) &£+0.036Hz DA, K7z,

(2) EEZFEIELVEBEUWNINO A=Y —ZIRET B, 7¥<NJ’L7' NERCOSHEMEXEN S, BhET DREZR., F&H. @EiFH DEFGER

INBEREICHR DT OB CI B HNTEXIXRFDFIEZE BREITDCENERIND,

HEEFRAEZR (droop) (& LFDEDTRIFNILRS RN

(1) RERIBRDEBBEICEDE NEAFDIMUICHD59~61Hz DRIRBEBICHWTIREIZ TH &, Kzl

(2) RFREIELVBEIRR/INSA =Y ERE T AR NIZNERCERMEEEICE D &, AREIX EEE(60Hz) L EDREREL
S & EHE (6 0Hz) RimD EIREESEICH W T ANT KZIXRFOHEHEEN BIREIREICINEL CRERIBORAEEL N ZH
BULBRWEFRINDHEHET D,

TS5, BRBRENTRGZBA S L ARMREICHE T ORERBDERLANICTFRINSIEIL, BONSREY . BIRERE

DARET(CEEFIL TERNICIEMN (RARBRENEDZS) FZ (LR (BRER %Lﬁ@iﬁ’“)ﬁéﬁ(J}tﬁéo%%7°D917I~Eﬁ%
FlX FAEGPICRERBO—REARBSEENDT AN BRI NZCEZEERREBICBHULRINE RS RETO
IIVMHREEDRERBZEERGEFAAS TR RETOI TV MEREEIL, REZND 4.6.2.1 THE 4.6.2.2 IAICHHEEINE
MEICRE D THRERIBZEGLU S TNIL RSN RNREICEEN S —RERBICEEZH I, FEARERES JUIERHAFEEREOM
BISEAINDEDET S,

HFr) PJM, “Open Access Transmission Tariff, Effective Date: 1/3/2023 - Docket #: ER22-2110-000 - Page 5", 2023F3818 &Y =ZHREHTTATER - BIER
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® Regulation™iZ (GAEH)
°
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RegulationlCE&MMAIgER )Y — XD EH = 4

® RegulationmiFICIZ0. TMWELEDRegulation AFLBEZEISIHEEIY/—X-DRUV—XDNXANSIMAIEETHY . B
U AR - B EHEEZERIDICENEREIND, RegulationIBICSMITDHRIY —RIE. PIMOERIBEEICERT
DUNEND D,

® DRUY—XICDWVWTIFPIMYZa27IVICEDW\WTHH - ——2 0 DEBTMRERINS,

| RegulationFiEADS IMEH

=
RIEATLEE - FEIY—X-DRUV—RXEEICO.TMWLLE
EREEER |- AGCESZEXE ILET HEDEREIVE
IB{EEE -  PIMORO—-ILEVH—IC. regulationEHETLA—9—TEETDIENNE
FIER o FRUYV—RIEEERRICEKR T DIMNEN DY RIETE75% LU LDBEESNEK
ESIED « RegulationT 7L —bt&energy> 2 L—bDEETH. EconomicT 2 FL—hEBZ L)
£DICUT AGCIEBZRKTDINE

« Regulation capabilityzZEUREBEEDH. HKEY—XIFenergy T FIVICHRES 1z6DIC
T4 RIVYFEBEERegulationo 2 L — D IEKEZEERH R EE

DRUY—Z® |+ PIJMYZa7IVICEIDTE,RegulationfiZICAT AN —— 27 B LUHRN ——200 %
=2 BT URIFNIXRSRN

« RegulationfiiZADSMERZEZHB I DDRJYV—IDEmergencyX/zldPre-Emergency
Load Management EventADXinZEXKs 51z5E. Load Management EventA®
YIS ER I NI @ HEFZILIEDRegulationfiZDEIY Y THERFRIND

HF) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.84-85, 2023538318 LY =ZHRANEAHAIER
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Regulation®D# 7 7—I54R =4

e PJMMDRegulationMIFICESNTDIHZE. FTEcDANLEBEEZIRE TSI ENKkDE5N D,

o MBFBHRICIHIPIMYZAPIVICE D HERRBICHOMENHGDIIA—RE HEREBORVWTSAAR—-—IAD2EENTF
FU.EZNENICCapability cost/price &Performance cost/priceM2BEBEZ&E#% I D, RegulationmiZIZE&N
TREHICIFE DB <KEETRAM-ADMBBEHRZEZRIT DCENRFBMITONTLNDS,

o AMLRT—9X%ESelf-Scheduled& UTEHRULERIE. MR ERZECEO(TIMIATAH—)EHFRUTEMINSD,

| Regulation Offerd AL EE—&

AHLEE SHME

A LRT—HX - RegulationDFIFAAIE = &%
Regulation Status (Available, Unavailable, Self-Scheduled)
AfL= - RegulationAMAILE(MW) %= Z43
Regulation Capability «  FIFAAE-TFFAROHFABRZEE U TESRLU NERFICIE LT - FTFmAZTE
D0FIVIALT L s . .
Regulation Signal type Y7 TINF1T(ReghA or RegD) Z&iR
AALET4e | Regulation Max. + RegulationANAALATREGH A DERAE(MW) Z & %
aepAL] Regulation Min. - RegulationAAFLFTEERE N DR/IME(MW) %= &85
o + Self-Scheduled&UTE&FINZI5E. OLFHEIND
ggggg:“g g‘r’fgf’* . ;I_?\_ ~AR—2 (Capability cost) & F51ZA—2 (Capability price) D 2i@En
9D

fiite R . - «  Regulation&E UTHEEUZAZ(CX T D& ($/ AMW) Z5 8k

E%mﬁ— txx | Self-Scheduled& U TEHFINZIHS. OEFHEIND

ngg?mgggg g?isce . ?Ezl\/;_—?}(Performance cost) e 51 AR—X (Performance price)D2

E|NFEETD

FFr) PIJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,0.83-84, 2023F3831H
PJM, “PJM Regulation Market”, p.4-8, 2018F8H 108 LW =ZFHREHFATIER
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RegulationD AR A% %

o )J—ZIMNEEULIZKWHIFI(Energy Dispatchable range) D&EEBERIC. UV —XEFHEHEZ TRegulationD kWil
#H(Reg. Max&Reg. MinODBIDOENF)ZEHFRITDIVNENSGD, COHEENICHL T, Regulation CapabilityhHER
TN,

® RegulationzZtE T3 EMNRELRZER. Regulation AfLEE&Regulation AfLFIBEE DR ERBE DEARICELY . RT-
SCEDIC&>»THABenelge’ss i N® (Energy Dispatchable Range) CHfIZZ (TS,

| Regulation OfferMA#, Ak

RegulationD AL AE(AAXA—IEK)

o EBDRT—9 2 EEIR
DRT—IARHE | (515527584 Available, TTARTAA—ELTHAERLZT 588 Self-Scheduled. IS &R

ﬂ N
S5 LAV MEA ' Unavailable)
QEEBEH LV Economic Max.: Economic DispatchlZfES ZENTETIRADHENENE
Regulation AfLR] | Economic Min.:Economic DispatchIZfiES ZENTEDH/NDEIENE
HEEEEH% Regulation Max.: RegulationZ At AIEERERADHEIMECKIY —XADHEFEICL D)
Regulation Min.:RegulationZz AL BJgER &=/ NDHEE I — XDEFEIC K D)
MW Economic Max. o
-------------------- | T | _
______________________ Regulation Max.
E Energy . B £
Dispgtegﬁ;ble Dispatchable Regulation A#.AIRE"
Range [ | Range DX
_____________________________ i | Regulation Min.
EEEEEL S Economic Min. BN AR L)

X{xICDispatchable rangeZi##x TRegulation Max/minE&EINT=HE. Economic Max&xZIEEconomic min®ZNLUADREEELUWVWHEIFFHEFC
FOTANAGRENBEIND,

HAr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.85, 2023F3H31H

PJM, “PJM Regulation Market”, p.4-8, 2018E8H10H

PJM, "PJM Manual 12: Balancing Operations Revision: 50 (Effective Date: November 10, 2023)",p.41, 2023F10H108 &Y =R AHFTAAIER
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RegulationD A#LEEHE Spim

o PIMOBRBFLAHED(RT-SCED)ICE>TREINSZ EAEZDispatch point&EMU,. FOHAZEHEELT
Regulation Capability (MW)&EUTERELZ{ENRegulation AfLEE RS,

o —EHNELRLRegulationElIEFERIFE IV TIIRA—DBREERBIN . KWhIZRT-SCEDIC&K>T59IVEICEREILS
Nn37=®H.Regulation CapabilityZ##ULU>D. Dispatch PointhAZ{td 5,

| ®=477—=Regulation OfferD AHEED ISR (1 X—IH)
[(REEICRIT 3155
Economic Max.: Economic DispatchlZiES ZENTEDRADEIENE
Economic Min.:Economic DispatchlCfES &M TE3JINDEIBHE

(FIEEICREY 51FER]
Dispatch point:PJM®O#EE L S (Economic Dispatch: RT-SCED) [C&> TREIN/Z50OVEDKWhEIE,

[Regulation AfLETsEEICEE T BiE#R]
Regulation Max.: RegulationZ{tHalaERRZADEHE
Regulation Min.:RegulationZz{#Helgeu sz N HiE

[Regulation AFLEICEE T B1FHR]
Regulation Capability:Economic Basepointz&#& U7z, EIF - FIFmAMBORegulation AtLE,

53597 ICHIFBDkWhERegulationDEER (A X—IE) RO5HIRICHITBkWhERegulation DR (A X—IUH)
+ RT-SCEDIZ&%dispatch pointh549Iv&EICETUREES. TNIC
MW &hHtETRegulation capabilitytZ{L(THEIEEPULIZEZES)
A
: ~®Economic Max. 1 Economic Max.
i e i . ! e : .
: 2HHIE °Regulation Max. | ¢y alge s i - ©Regulation Max. 1 gysearget H
[~ Resulation 1 .. : = | |
Comability oDispatch point })\*LE T Reeulation | _ _
| Capability °Dispatch point })\*LE
& Regulation Min. Regulation Min.
© %E
oEconomic Min. oEconomic Min.
it d) i3y tua Al FCEIRFRIKE

HRT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,0.85, 2023F3H31H
PJM, “PJM Regulation Market”, p.4-8, 2018F8H10H LY =K EMEAIERK
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RegulationtizDy 1 LS1 a1

® RegulationldU7II1LBREMEMITONTVWDZ. FIHMBTIERAZEINRL, RegulationTHICESMZzHFET S
)Y —=X(E.8IH14:15F TICRegulation OfferziREITI2MENRH D, TDER. EEFH650AIFX TIERegulationAdD
HEABERAT—9R-HEE - HEFRBRENTZEETI_ENARTH D,

o EEMF659~30NFICNTT. ZDRHATEONDIRADA I 7—BHR-FEFACRAEFNN. NEFZEFICE DT . R1HE
BMIOYDkWh-Reserve-RegulationW&BFFEBRD LD ICAKHEI (Jointly Optimization) L., ZDHFEERICE T
TR1KFEIVYDORegulationfEEIR(Regulation commitment) ZRET 5.
> RegulationfWERICIEIZT1EREIYDKWh/Reserve/RegulationDEB&EILZIT O TV EHRINDIN, SFHMO

JVIIEHERTERVW,. COR/RZAHAVWTRETSDIERegulationlcxd2IAIVYEXINTHY . UPIVILILTHOKWhE
ReservelZCDENDRT-SCEDICL>TH5IVEICAKREIL - T4 A/INYFEIND,

| RegulationTfigEDI1LS1Y

r[T)lz);l—(aeQead — - piE™% (Day-ahead) TlZRegulationZZELAEL\,
~§i814:15 - RegulationfZADSIE (L A —RRNUL TS AR—ZXNDRegulation OfferzijE 3 5 WENH D,
. ¥RegulationTRICEINT B1EE . KT IR —XDRegulation Offerzi2H T 3NENH D,
AIA14:15~ « RegulationfiZADNSINE L. BEAG659BIFX T FaLDEFRIEHEZE T D ENAlEE.
KER6557H1 Regulation Status, Regulation Capability, Regulation Max. and Regulation Min.
ReaLtirpe EEE G545~ « PJMIE. Market Gateway System|C&E&FINzF T 7—&HZ=1 VT vhT—9&U. Ancillary Service
IEUE SEF3048 Optimizer(ASO)ZRAVTIERIIYS EMRegulation® 1=k VXU N ERE,
RegulationfiiZNDcloseRICA T 7—I5HREZEE I 5155, PJM Master Coordinator @I 2 NENH D,
~=Em309E |0 PIMIE FETH-REM - ReservehBEZER D L. Regulationff:ZEZREL. BEMA304RIFE TICMarket
Gateway SystemZzEU THERZRE )Y —X(TEH
EERME o PIMHOSY—=XICHUT. 2 &ICEEAHIES (AGC: Automatic Generation Control signal) &%(S,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,0.87, p.89, 2023%F3H831H
PJM, “PJM Manual 12: Balancing Operation Revision: 50 Effective Date: November 10, 2023”, p.25, 2023F118108 LY =ZHRENEAHAIER
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MRI
RegulationDifhZEBFREROANL—3 D Y

o EEHICHUVWTRegulationDFREBARENREUVLESR. TeDFIEIZHED> CTRegulation®DBEEYHT:
FREBNVHATHRRZIODCE T RAEBTERAELELLRVLDISERAINT LD,

<AEBFEER>

® RegulationElH#&. EFHKPICUY—XDRegulationRBEEANICEENR G O>EHZEE. VY —XFEEEIE
PIMADESE. XIFPIMISEEFEEINSTReglE5ZEBU T UV —RDRBEIDEEZBEIT SINENRH D,

o PIMIF . FABBANZRETET VWY -—RDEIHERRL . RBRABHEZNVIE T HVERBNE®/ZIT LD
ICEHET Do
> REMRI0DFICEEINDIntermediate Term-SCED(IT-SCED)IC&>T. RegulationZ#24tL

TLWRWIY —RZEMEIHTT D,

o PIMAFAERGHAENZECEVIATCTERERARNERLERVES. PIMEZFEERTEDXIIRT A

BERZITW RAETBAININZEEHRT Do

< B F| 5= R >

o EFEMRAP.BVHEToONEZRAEZEANNEAL,. PIMOKRERENDODBEZEZT15MWLL E EBI>7255E. PIJMIEU
TIVIMNLTHOMESERS LUV —XDRegulation Offerz8CHABAHAIRMEICE DT . ZRBEER
DEOICHAEBNDE Y ZREIRT D,

HF) PJM,”PJM Manual 12: Balancing Operations ”,p.41-44, 2023F3H22H
PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.100, 2023F3831H &Y= AT ER
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MRI
RegulationmiZ DR E= 21

® RegulationldPIJMIBRTORZENEFEFANICESH SNTHY ., ReserveDKIICHF TV —VHIDRAEEFFELRL,
® Ramp hours&non-ramp hoursC&IC—EDEMFEZEE (effective MWI)NEDHONTHY . EMRZEEZHLT L
S1CAncillary Service Optimizer(ASO)ICTHENIEZITO. L L. RARRZBFIA TCPIMAENTFEZEZIERS
B35 EHD,
> I —bFDOHEIHNERVWRegDY T FIVE. SV TL—FDOYEBNHEHINEZEEZERBUILZRegAV T FILH S BIRT S ENEHFES,
2EEOVI IV EEYICHETSEH. RegAV T FIVEERLEZUY —XDALBSEZMarginal Benefit Factorz
FAWTHIETSCET. B ERegDEFMICRDILDICHIELTWVWDR, ETDLET. . BUYV—ADNTA—NY I AAAT7 = ERE
LTEMBE (effective MW)ZEHET S,

® RegulationFAEEICHEHEIDRIUY—XIE 25%LLFICHBRINTL S,
I RegulationDEMRAEE I RegulationV I FIVAIDEMNESENDEBEELIE

NERERTE fOVTE [RegA YT FILDIHA]

525 effective MW e NY—-XEMAE(effective MW)
= RegulationB&2(MW) X NJ#—Y2UXXI7

Ramp hours

E3hRES 800 effective MW

Xnon-ramp hours&ramp hoursld. BHIC K> TEEI T D

I ZHADRamp hours

s

[RegD Y7 FILDi5AE]

HRT) PJM,”PJM Manual 12: Balancing Operations ”,p.41-44, 2023%3822H
PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.43, 2023F3831H
Monitoring Analytics, “PJM State of the Market - 2022", p.585, p.587, 2023F9H83H &YW =M SHZTFMER

s NY—-XEMAB=E(effective MW)

00:00-04:59 05:00-07:59 planbttl o )
= 3/1~5/31 08:00-16:59 17:00-23:59 = Regulation®@&(MW) x /NT#—-Y»2237
00:00-04:59 05:00-13:59 X Marginal Benefit Factor(MBF)
= 6/1~8/31 14:00-17:59 19:00-23:59
00:00-04:59 05:00-07:59
# 9/1~11/30 08:00-16:59 17:00-23:59
00:00-03:59 04:00-08:59
£ | 12/1~2/28(29) 09:00-15:59 16:00-23:59
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RegulationiizDHEAE(1/2) 4

® Regulation B CONEERZRETIR.HKE)Y—INRET D RegulationdT77—IC&FENS2IEH (Capability
cost&Performance Cost)IZHnZ. Regulation Lost Opportunity CostD&EEtICL>TRankNREIN D,

> RanklZELVEMICIE/NTIA—V U RZFICIHUZHIE(Adjusted) NI N, RankICE DLW TRegulationDHENIEZE

RET D,
> CIVIRAT V21— IVERIZ. AFLEEP LURegulation Lost Opportunity CostZ0. 2FYW TSAATAMA—EHR
ULTEHMEIND,
| RegulationD#HEMEICALBRankDE L A
Adjusted Regulation Adjusted Regulation Adjusted Regulation
Rank — Capability Cost -+  Performance Cost + Lost Opportunity
(B=fE) (FRSENfififE) Cost (B=&R)

| |
MR IEIRICEDVWCTHEE ik PIMHEE

| Regulation Lost Opportunity Cost(RegLOC) DE LA E

1ﬂi}\1‘% Regulation Lost CH=3=)
Opportunity Cost

o NEWRBIEEFHRTRERICITO 28 EFRICHTDU7ILEYA
LLMPTHfEZRALTRegLOCE:tE T 5,
. g*ﬁ%fﬁﬁ%l:li\ EEDOU7IVIALLMPZBLVTRegLOC%ET
95,
o EELUACEBEDINTA—Y U ZXRXI7 (Resource
Historical Performance Score)ARR T4 whT705—
(Resource Benefit Factor) WEEIN. FDENFHEI NS,

LMP

oo —R
FA4RINYF

.<

‘—.>Hj
Regﬁitﬂa)f' SHD Economic
Dispatch point Dispatch point

HFT) PJM, "Regulation Overview”, p.28-32, 2022%F3H22H
PJM, "PJM Regulation Lost Opportunity Cost Overview”, p.3-4, 2022F9H20H &£Y=ZHRAHETAIER
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MRI
RegulationiiZDHIEAZE(2/2) B

o HHINIZRankZHAWT, EERI1EEIIDERE TANncillary Service Optimizer(ASO)IC& > TRegulationhEE
ZwlzdET.RankDBEWVWIY—ZIMSIEICKXIUY A —F —THETE S,
> RegulationZJ77—I1x. UY—XDBED/INTA#—Y 2 AX17(Resource Historical Performance Score)*®
RxIT4vbT79%9—(Resource Benefit Factor)IC&E> TZDMAEMNBIE (Adjusted) TN, UV —XFIIZRankM
BHIN5,
> #aBA(Regulation LOC) X NELEBRSRTOFELMPICEDVWTEEINDS,

| RankicE S\ 2RegulationDHEH %
20Im Rank Example
o Rank = Adjusted Capability Offer Cost + Adjusted Performance Offer Cost + Adjusted Lost Opportunity Cost

Example requirement = 90 MW i
FELMPICED<HZER

Signal Adjusted Adjusted Adjusted Effective | Cleared
Resource OfferType | 1yoe | capability Offer | Performance Offer| LOC | RaK | offermw | Mw
Rank:FEICH TS
C | Economic | A 0.00 0.00 1000 [$1000 20 0
$ $ $ $ | =—srv—2
o E Economic A $6.67 $0.67 $2.00 $9.34 20 10
=l
5 F | Economic | D $0.83 $3.13 $000 |$396| 20 20
pe)
o A Sl A $0.00 $0.00 $0.00 |$0.00| 20 20 | tyrs
= Scheduled ’ ' ' ' rJAC S
_ VEEHS
& B |leaoa| B $0.00 $0.00 $0.00 |$0.00| 20 20 KRankDEWERN 5.
14 cacaic WEBZWHIIXTIEIC
D Economic D $0.00 $0.00 $0.00 $0.00 20 20 HE

HiFr) PJM, "Regulation Overview”, p.28-32, 2022F3822H &Y =M AMHFTF—aRNE
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RegulationEDMIREE

MRI

B/

o EFEH%ICRegulationBWEME (RMCP:Regulation Market Clearing Price) DEENITHND,
o EEHRIFEIONENIEIZCAH S Lost Opportunity Costld. UJZIVIILLMPFRAEEZRA WS, — A NEMEEEIC
EEBEOUTZINIALLMPZRWVSH  HNENEBE FOMEEMEBEE LOMBICIEIFTEHNECDAREENDH D,

> TRTIK, ZEFHRTFBAIORankICE>THESERZUY —XEICDOWVWT. EEDUTZIIALLMPZRAWEZMELOCH L
mNULERH VYV —ACKVER/RELTEVRankEGED>DTWVS,

| Regulation Market Clearing Price DiREH &

@ NWELEERDS>E. ZRERankAEVWERERMDRanklCLY . RMCP(FEME+REER +RBEEDEHE)ZV VTN TIM1X

TREYT D

@ NITA—TRRA7%=ZEZEUIzTAdjusted Performance Offer(JGEIfE) IOFREE W)Y — D&% . iSENME(ED I E M
¥ (RMPCP:Regulation Market Performance Clearing Price) U, RMCP&ERMCPCOEN 2B 2ME + &

DHEMEZE(RMCCP:Regulation Market Capability Clearing Price)&U

TRET D,
RMCP Example

Regulation Market Clearing Price = Regulation Market Capability Clearing Price + Regulation Market Performance Clearing Price

RMCP = RMCCP + RMPCP I}%_zo)l_\/lpl:gﬁ‘<*%§§m
i , RMCP
Signal Adjusted Adjusted Adjusted Effective | Cleared (BEME+#E=ER+ S8
RMPCP |\ Resource|OfferTyps Type | Capability Offer | Performance Offer LOC Rank | otrer Mw MW J MIEDY VT IV TSARAHEE
(BN IED : ' M %)
DU TN TS RMEE) = Economic A $0.00 $0.00 $15.00 |$15.00 20/9/
M\ $6.67 $0.67 $2000 [s27.34| 20 10 | |
\"’\‘\ 2 . .
F Economic D $0.83 $3.13 $0.00 $3.96 20 20
Self- =
A \ Scheduled A $0.00 $0.00 $0.00 $0.00 20 20 — Ty EE
Self-
B \ Scheduled D $0.00 $0.00 $0.00 $0.00 20 20
D | Economic D $0.00 $0.00 $0.00 $0.00 20 20
Regulation Market Clearing Price (RMCP) = highest rank of cleared resources = $27.34 7
Regulation Market Performance Clearing Price (RMPCP) = highest adjusted performance offer from cleared
resources = $3.13 %"J Eﬁﬁ*ﬁ
Regulation Market Capability Clearing Price (RMCCP) = RMCP — RMPCP = $24.21 DitE

HFf) PJM, "Regulation Overview”, p.28-32, 2022F 38220 LY =R EMEFR—ERINE
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MRl
(8% 0RABE MHREEICTRankRZILT 352 Bojr

® Regulation®OMENEICA VS Rank&RegulationDiREBEE - ERABEICAVSRankDETNHNERD 2. BEICT
BMNEUCDHEENS D,

® RegulationDAREEICHEEZSZIDIEREUVLT.AVWBUZIVIAMLLMP(FRAHEZ ZIXELEE) . Mileage(EXRNJ AV
T—YERIEEBE). V7 IIILICIBITSsystem conditionDZEAL (HIWADI G, MESBR DR NZEIFSN TS,

(un

| hEmIEE (ASO) ICRET BRank &M EER (LPC) DRNEMBENDER
é/ Rank Price (ASO) vs. RMCP (LPC)

« Calculating the Rank in ASO and the RMCP in LPC:
— The same steps are performed except Reg TPS Test (only done in ASO)

 |Real-Time conditions affect regulation pricing:

— System conditions change:
+ Resources needed for constraint control
« Impacts to LOC

— Forecasted LMP vs. 5 minute LMP
— Historical mileage vs. actual mileage

HAr) PJM, "Regulation Overview”, p.35, 2022%F38228 &Y =M AEARA/ER - —SBINE
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MRI

RegulationiiZDYRAEE(1/2) 4

® RegulationZiRMBUIEZT—IVRATI1—IVERBVWLEBIN IRV 1—IERIE. GIEOMEEEICI>TEHEINIZUT IV
FALICHTZ2BREMBE(RMCCP) &IbEfiE (RMPCP) DMEME (DI TSA4R)IC. &) —XDRegulationEE
ZRU.BICBIVV—RONITA—VIARA7P7ZRAVWTHET DI E THDEAMTIRANBREIND,
> RegulationlFETESICH T IINEBECIERES (RegA or RegD) DERICISU TWNANRBEREIND,

o TELUANIC. T—IWRTI1—IERICHUTIFIE=ER (Regulation Lost Opportunity Cost)h"Xk{hhns, CrRIES
1)

| Regulation MarketDUR A B E (5 8 i - 5B 1E)

URARX 5 IRADHEERE

Regulation Market Capability Clearing Price(RMCCP) Credit =
Five minute integrated Regulation MW * Five minute Performance Score*! * Five minute

= RMCCP /12

NEHiE /12)

Capability Cost NEMIEINA =

54 3d¥MDRegulation2(MW) X 58OVICHITR/INTA—YVARA7 X 5AIXICHITIAEMEREMEE =
12

Regulation Market Performance Clearing Price(RMPCP) Credit =
Five minute integrated Regulation MW * Five minute Performance Score*! * Mileage Ratio*?

o ENH{E * Five minute RMPCP / 12
Performance
Cost ISENMEEIRA =

54937 MDRegulation&2(MW) X 540%ICHIFD/INTA—TYIRARAT X IAL—IHFX X 5HT7ICHTD
ISENMEFEEME +~ 12

%1:Performance Scorel&. RegulationZi2t 92702 BAEERIE D) —XADBEE AU 1BV DE, PJIMIE. 10 &ICRegulationfE&
EN)—ZDEMEIRRZUNEL. Performance ScoreZz:t8E 9 %,

%2:Mileage&ld. RegulationFIffESIC K > TERINDINEIEN &,

Mileage Ratio&ld. RegAEESDEEIY/ZYUMileagellxd B, UV —XDI T HIVERICIH U =R 7zUMileageDLEE, RegAEB & BIRT 2V —XIZEEAI
I NDM, RegAEEDMileageMEONZEA. Mileage RatiolZ0.1&UTEHMEiTND,

£Ffr) PJM, "Regulation Overview”, p.28-32, 2022F3H822H
PJM, “PJM Manual 28: Operating Agreement Accounting”, p.29-30, 2023F11815H
PJM, “PJM Manual 12: Balancing Operations”, p.50, 2023F9H208 &YW =ZHREMEAAIER
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RegulationT

MRI

TIEDIRATE(2/2) 1

o J— LR IU1—IVERIE. RegulationlZIUel&ETREUZ¥SER (Regulation Lost Opportunity Cost)Z%(F
BNBHENEZFIT 2. LN ITRTI 21— IVANEIT 2RV —ZAHBKIUDSRUY—XIZLBRegulationld. BB D HETRH
S5ERATN. EOEHFRTIND,

o UZIIALME(LMP)DBEEMNSDEICITNOND 2. RegulationDEEBEBRES5DBEMTEENRINDS,
59@MRegulation offerE#2BR DGt RegulationRAILIVRLVEARTVSBE, TLNESEREEADER
NEDEERY ., ZDBEIERESBRANRELTCVDIEARINTHEINS, TENEREERADHERNEDEE B HZI15E.
RegulationfRAILIVHCE > THRSERIFTHEZFTEARIN  BSBREETO(ZHVWEL)ERD,

| Regulation D& &FIZEDERY /NHIE

EEHE  RegulationZVETHREORIRICHSWVNT, H#E{E(set point)

X%

RKF
Lost

Opportunity
Cost

Lost Opportunity Cost Credit =
((Regulation Offer + Intra-Hour Lost
Opportunity Cost + Shoulder Interval
Lost Opportunity Cost) / 12) -
Regulation Clearing Price Credit

(BIYV—-AD)ESBERIRA =

((Regulation Offer + Intra-hourté=&H
+ Shoulder Intervali&=&HR) ~ 12) —
RegulationfX AZLIwk

XESEBERINABEDER. BDEEROTZHRE
MSBEBRAORYRNITBWVWEHEL. Lost
Opportunity CostDFEEERINRLN,

ETOHANBPICHIBZBRAENRERD

Shoulder interval(§i) Shoulder interval (i)
ReglOC shb ReglLOC sha
7/ »’7 LMP
/é' ““““““““ 7 ~ * *EcoMax
Z ReglOC rh .
lll.lllllll!.élll.l g P """"'ﬁ:"""'RegHigh
¢ b Limit
SEEEEEEEENEEES A‘.....-...'Regl_ow
Limit
Mi
re Regulating Hour I S

¥RegulationMDWENIBEBEME(RMCCP)EETIE. EUY—RADINTA—R I 2A=ZEBEUHIE#ESER (Adjusted Regulation Lost

Opportunity Cost)hAWLWSNZIN, FUY—IANDKESEBERDHESZH

{Fr) PJM, "Regulation Overview”, p.28-32, 2022F3822H
PJM, “PJM Manual 28: Operating Agreement Accounting”, p.29-30, 2023F11815H
PJM, “PJM Manual 12: Balancing Operations”, p.50, 2023F9H20H
PJM, “Regulation Uplift and Lost Opportunity Cost: Sample Calculations”, p.1-3, 2022%F38 &Y =ZHREHFEATIERK

BEICEVWTIE/INTA—IIRIFEEINGL,

Copyright © Mitsubishi Research Institute

132



[£2%]RegulationICH [T B EELFIZSDEE - %

MRI

® RegulationlCH T2 @RKFEICIEIIBEEFET D,
@ WEIVDREIIC.HNEIVDOEAEICEITZEAZRFICRET D REFZE(Shoulder interval before)
@ WEIVICHEET D EEFIM(Regulating hour)
Q MWEIVOERICROMWEIVOHAEICHEITZHAZERICKEET SEKFZE(Shoulder interval after)
o MEMNER WEMBODEER. VY —IADHHEDBERICEEIND RLFABOEHFCKATIE(FEREXRZIIEFE)N
B3,
> NEAER - HNEIVORENEIVICHITZRKFR(FHEE)ZERE
> NEMBSOEER - NEIVICH T 2KHR(ERB)EZER
> MEDOBERER NEIVORIBRENEIVICHS T IEKFE(ER) ZER

| exfiznEs | we EREE - BEEORAHSONSER
DHIEI~Y DEIDERFR RHIEIVY DB DEFR wEFIEDIESE
(Shoulder interval before) (Shoulder interval after) DBV DRI QFIEIV DR
Y 4 0 o
%_ % S eI (FHR18) (FH1E) -
17 7 abandadendasdadesdedislerds) . * *EcoMax
? @%EIV / KNS B O B
-------- snnm .?l.l (Regulating hour) . .’.Ilﬂllllls'eg'High @%EH% (%%E)
* : - SHED O O O
=1 (=8 €=y (R1B)
SEEEEEEEENEES ]"""""Rw[ow
Limit
. [m— | EcoMin

Regulating Hour

HiAT) PJM, "Regulation Uplift and Lost Opportunity Cost: Sample Calculations”,
(https://www?2.pjm.com/-/media/markets-ops/ancillary/regulation-uplift-and-lost-opportunity-cost.ashx) &t =Z58 S ZEAER - —ERInEE
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MRI

RegulationOERBHEEDEEAE(/2) = 4

o NFEEE(LSE)FLIEZDMDRegulationMEWVWFN, RegulationAZEREHEERZEIEITIRFTEED,

e PJMIZRegulationfAZERAZIFEIVCEICEEL. /NGEEZE(LSE)DIFEIVCENDEEVI7ICKHUTHRZEER®D
RHEHERKRDEIND,

o N\GEEXEEIBHDNEEFEICRUZERAIEZITON. EULIZHEMTES| (Bilateral Regulation Transaction)IZ
&Ko TRegulationZifET 3 & T, Regulation marketzZ & ICHMTESIICTEHHDRegulationE|HEZTETD
CEBETE . BINTDRegulationEHEIFBAZERVWUFRANZICR U THESNTEREEINS,

| Regulation MarketDBEREBEDOE E (B2 MHIE - HSEHHE)

=1 [P%) BERE

Regulation | LSEEHEIEMEE | Adjusted Regulation Obligation =

REEMA (Load Ratio Share x Total Regulation Supplied (excluding mileage) — Regulation
MW Purchased + Regulation MW Sold) + Total PJM Regulation Adjusted
Obligation

(BLSEM)#ERegulationEXE =
(BLSEDFEE T T X #RegulationiiliEEZ — RegulationlBAZ + RegulationTtilE) +
PJM RegulationfsZIH= (F1ER)

ERSEEDEE OB =(ME
Regulation Capability Clearing Price Charge =
Regulation Obligation Share * Total RMCCP Credits

Regulationff{E&HR =
(BLSEMD)RegulationZ|HLEEER X REMBEIXASETEE
L G i =]

Regulation Performance Clearing Price Charge =
Regulation Obligation Share * Total RMPCP Credits

RegulationicEHfEER =
(BLSEM)RegulationBIHEEE X [SEMIEIRADGEHER

HAr) PJM, “PJM Manual 28: Operating Agreement Accounting”, p.34-36, 2023F118158 LY =ZHAAEMIER
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MRI

RegulationMERBHEEDEEAIE(2/2) v 4

® PJM[EZRegulationE£EBRHZEEL. NTEEE(LSE)NAPIMASTAZELZRYMRegulationBAEDLEXRICIHEU TE
TEENKRHESND,

> LSEIZSelf-Schedule™##xtEX5|( Bilateral Regulation Transaction)IZC&®dRegulationif:ZEIC LY. Regulation
FYHEER/I_ENEFRSD,

| Regulation MarketDBREBEOEE (KAER)

=135 BEAE
H=ER LSEEEEIEDEZE | Net Regulation Purchase =
Regulation Adjusted Obligation — Self Scheduled regulation MW

RXYhRegulationflBAZE =
filERegulationglZyE — Self-SchedulelZ&dRegulationZ

ERSEEDEE O HR=EH
Regulation Lost Opportunity Cost Charge =

(Total Regulation Lost Opportunity Cost Credits * Net Regulation Purchase) /
Total PJM Regulation Purchases

(BLSEM)Regulationt=ERH =
(Regulationté=BER#%E X xvkRegulationBBAE) / PIMIC LB RegulationfiEEAE

HAr) PJM, “PJM Manual 28: Operating Agreement Accounting”, p.34-36, 2023F118158 LY =ZHAAEMIER
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RegulationlCHIFDAFBEE(/2) 4

® RegulationMHICHIFTEIHIBEATEATRMEZF<TZHIC. RegulationIFICSNT )Y —RICHUTIFOIRIR—
A THDAMEEZENKDESNT VD, TITAAR—IATDANLEA T3V (ER)ELTEHSNT LS,
FiFIN7/=Regulation offerBmRICE DT, PIMIERegulationmHZICE W THBXR AN ZTHEITDAEMEDH D25
EITDEHIC, Ancillary Service Optimizer(ASO)ICEL>TIEEIOY I &ICThree Pivotal Supplier (TPS)
TestZE RIS, TPSTARZ U7 TCERN VY —RIEHBXENZITEITDIAEEN B DI EABRTIN, PIMICLD>TO
AMR=RFLETSAAR=ZDANMED D5, LW RS AFLMEHN LR (offer-capped) &ETNd,

HAT) PIJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.85, p.97-98, 2023F3831H &Y =M EHFAER
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MRI
RegulationlCH1F 3 AR E(2/2): DR AT7—DIEIgHRE H

® RegulationMFBICARXMN—IXDAINMEZEERKT DHFE. PIMD“Cost Development Guideline” [CfE>TH
Jr7—dXANBEME. CEME)ZEETIHEND D,

® RegulationZ AT EICHIHMEBEDETOMBEENSPEFEZERULMBUT TERISICEAKRDOENTLD,
BEME(Capability cost) ICDWTIE. ¥—I 2 (12$/MWh)Z ERBITICENEHOSNTLVD, AFLARADKSE
AOLERBFEFDBHOSNTUVWRVA, WELEBRICIEREEREIND,

| IZ2kR—ZMDRegulationF 77— DERAZRUS ATEREH

AZRR—RICBF B AMBEDERE S %

Capability Costs($/MWh*1) =

M@Fuel Cost Increase and Unit Specific Heat Rate Degradation due to Operating at Lower
Loads

AEMmiE + @Margin/Risk Adder

Capability Cost
Capability Costs($/MWh*1) =

OROGFBBFNRE AU T TORBICHSIMBIEEINS + QBRI COREICHEIBEIRDIET +
QV¥—I($12/MWh) Z#BR 7R\ \EF CERE RIBE

Performance Costs ($/AMW) =

{®Cost Increase in VOM*1 + @Cost increase due to Heat Rate Increase during non-steady
state operation above heat rate factor not to exceed 0.35% + (@Energy Storage Unit
Losses)} / @ AMW/MW*3

;i1
Performance Performance Costs ($/AMW) =
Cost {DIEE A TORBICHSZTFHFIROKMER DB CREFEC & (C_ERMIRE)

+ QIEEFEIRRE T DRREN S BHERIBINIC K > TIEINT D IR M CENRFZEL. ZRERegulationBRFEAFEL)
HATOEDEREDO.35%ZEBZ TIERSR)

+QFE1-vhOOXS}

/ @ AMW/MW*3

X1:RHBTECapability CostDEAIES/ MWhERZEHINTVEIN, CNIFTEFBIVIEICRegulationBE2EWETETVWBZEICHEUL . HFEZE(KWh) TREBVWAICEENAMETH S,
¥%2:VOM:Variable Operations and Maintenance D&,

*3:mileage(AMW/MW) &% U, RegulationfESIC & > TERINDEIMWEZUREIENDZ & &IE T, IGEIE(S/MW) Z. mileage (AMW/MW) TEISZ & TIGBIEICXT T DffE(S/ AMW) ITIREL TL\ 5,
RegulationfE5(RegD&FzIERegA) M:&ERICE > TmileageNE LI B7z8h. UV —RICK>THRA T DEIFEILT S,

4 PJM,”PJM Manual 15: Cost Development Guidelines”, p.38-40, 2023FE8H1H &Y =ZHRAMETAIER
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[&E]))Y—XFERIDRegulationi@iEIk;

® RegulationMBICEMULTVWBIUY —REUVLT.AKRKAARAKRAD KA. EEWL. DREZEIFSNBZ . CDOIE. NEBET
EARKADBEM KON KFEEZHHTLD,

o PYTJTUJLDHENSZ
SERANMMEINTWVS,
> 2022FIBAMEHE

I 1)y —X#&Ehl-Regulation

sRHEIRIN(2021-20225F)

WY —=XEHBRAKAABARKAKAOTHY . CNSOERIETEA(KWh) THETERNWIEICLDH
—AEEBM DRUYV—-RE7YTUI+DOXILEIIEOTH D,

BUERZCEICKV PYTIITRILBENMBMLTLSZENREINTWVS,

HNERB(NT+—TV| | WEBREIC I E A% 7vITUTk Regulation
RI7 VY —MIER) | | WIT DR RA fHIEER XA
Performance Percent
Number of Adjusted Settled of Settled Clearing Price Total Regulation
Year Source Units Regulation (MW) Regulation Credits  Uplift Credits Credits
Battery 23 1,638,257 33.5% $45,184,072 $0 $45,184,072
Coal 19 329,515 7.2% $7,182,900 $3,939,892 $11,122,792
2021 Hydro 28 813,584 17.7% $22,497,027 $3,253,703 $25,750,729
Natural Gas 186 1,866,425 40.6% $52,112,081 $7,854,236 $59,966,317
DR 19 48,572 1.1% $1,313,796 $0 $1,313,796
Total 275 4,596,353.2 100.0%  $128,289,877 $15,047,831 $143,337,707
Battery 21 1,149,044 25.7% $67,657,550 $0 $67,657,550
Coal 21 218,050 4.9% $15,153,709 $13,625,655 $28,779,364
2022 Hydro 28 885,317 19.8% $52,849,244 $8,878,730 $61,727,974
Natural Gas 152 2,122,501 47.5%  $109,705,839 $19,776,662 $129,482,501
DR 21 96,392 2.2% $5,714,333 $0 $5,714,333
Total 243 4,471,303.7 100.0%  $251,080,675 $42,281,047 $293,361,721

HFr) Monitoring Analytics, “PJM State of the Market - 2022”, p.601, 202359830 LY =M AAEm—aRNE
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MRI

[£2&]RegDI T FIVEREIRT DY —RD A0S 4

® Monitoring AnalyticsIC&® & Regulation marketlcsmd a1V —XDS3E5, RegDI T FHIV(XEBEM, 751K
1—=ILEDREEDEVWIY—INREICEIRTIES) ZERTDIIY—XOAT7—ME&ICEATSHBEHRMAFTIINTUNS,

® RegDIUITFIVEBIRLEZUY—ZADSE H3EQOIY)—ZAREOMEAT7—%. 6 ~TEDOI)—ZAREIVIZATIT 21—V (T
FAATAN=) THDANLERZBIRLTHY, FEL2TOERENAEENCEOMETOALEZIREO>TLVD,
> POMBA T 7—IIBEER(LOC) ZZ TMAEMZE TN B TR T I 1—IVEZITED ZEMN R,

® Monitoring AnalyticsIC&kdE&E. BIVITRTI1—IVZBIRTDVY—ANZVWEAEUVLT. EERLFOEALKICHE LT
Regulation marketDHEENBULEO>TVWELEH ERICHNESEDLZHICTCIVIRATI1—-ILEERLTVWD R EEIN S,

> RegulationfIENERIEUY —ADAT7—lRREBSER(LOC) ZMEKLAZRankzZzHHU. RankDEWEIRNSIE
ICHEIND . POAAT7—ZBIRUIZBE . BoBRZZ T3 EZE I3 LH . BEEBRDZEICL D> TRankhE<
BREBEHNTEUBRVWAREENR DD FDA. LIV IRTI1—IVTCANT I E TCHASERAZ TS ENEREL. 731X T

AN—EUVTHEEICNETSCEZEEZRLTLBEEZSN D,

RegDYJ 7+ IV ZE:#IRUT=RegulationfIER
(EMB= effective MW)

RegDY I IV ERRUHNEBEICH T SLER

yeqmliiin e TIVIORT FDith =Xl pedmiin =S TIVIRT FDith =5

AI77— Ja1—=)b AI27— Ja-=)b
20215F-F15 49.2 131.8 2.4 183.4 26.8 % 71.9 % 1.3 % 100 %
2022%F-F15 58.6 92.8 5.4 156.8 37.4 % 59.2 % 3.5% 100 %

HFf) Monitoring Analytics, “PJM State of the Market - 2022”7, p.592-593, 2023F983H &Y =ZHMASMITFAER
139
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[£%]RegulationDFEIHFHEMIE A

® RegulationmHDONEMBOERNFITNEMBOHERZ. SEMES L TICEMMMERICEELL,

o FEfMEFRegulation offer&#=ER (LOC: Lost Opportunity Cost) DEEZFICZITEIN. KMICRITLDICHE
FrBEUTCTORFZRRERNLGO D EAME(energy price) WER TS ERegulationIEICLIDIEEEBRANKEL
RBDH. ENICTHE>TAREMEONEMEN LFE TS,

o LHMEDHKEEIEIGSLIZEI~2$/MWOL VI THRELTLD,

. WEMBICHHD
| Regulation MarketDFEHHEME DB BEME+CEHEE+ESBEROEHE(2022F)
SE(ifE RSE(fE B RHE + EE Figure 10-25 Regulation market clearing price
Weighted Average Weighted Average Weighted Average
Regulation Regulation Regulation components (Dollars per MW): 2022
Marke_t Capability Markgt Performance Market Clearing Price $1600
Clearing Price Clearing ($/MW) :
($/MW) ($/MW) A Ao Pt e
2016 14.91 0.86 15.77 | 1 | ewonirmmecmmipio
2017 15.91 1.04 16.96 | s | [TEEEEREEEEE
2018 23.22 1.91 25.13 —
2019 14.98 1.32 16.30
2020 12.68 0.88 13.55 |
2021 24.88 1.21 26.00 $600
2022 51.82 1.71 53.53 -
HF) Monitoring Analytics, “2015 State of the Market Report for PJM”, p.446, 2017&E389H $200 | ‘ ‘ i
Monitoring Analytics, “2016 State of the Market Report for PJM”, p.446, 2017%F389H
Monitoring Analytics, “2017 State of the Market Report for PJM”, p.489, 2018F388H P

Monitoring Analytics, “2018 State of the Market Report for PJM”, p.499, 20195&3814H
Monitoring Analytics, “2019 State of the Market Report for PJM”, p.505, 2020%3H812H

Jan
Feb
Mar
Apr
May
Jun

Jul
Aug
Sep
Oct
Nov
Dec

Monitoring Analytics, “2020 State of the Market Report for PUIM”, p.515, 2021&3811H
Monitoring Analytics, “2021 State of the Market Report for PJM”, p.550, 2022%&3H10H
Monitoring Analytics, “PJM State of the Market - 2022, p.608, 2023F3 890 LY =ZHRSHITAIER
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MRI

ReserveDiE#(1/2):Reservetr—E X - E i 21

e PIMTIZ.BIAMHZEUTZIVIALTEOmMAND TOLE XA TReserveF —EXDFEEERT B,
> KWhifi{EIZ/ —RCEICHEESNSZ—AT.Reservetf —EREHTY —VEBEAATHRENTOND,

o REBEMNALLTBReserverEmldE. Synchronized Reserve Product, Non-Synchronized
Reserve Product, Secondary Reserve ProductD3fEENEFEL. TNETNOEHFIERY . 124
A Reserve —EZANER S,

Reserve H—EZXAADRIHAH

| | [ | /)
Reserveiim D4 30-Minutes Primary Reserve Synchronized
Reserve L4 Reserve

) 100 AARICIE TEDA I ERINEY
Synchronized V=2 EDERTHY . Synchronized @ @ @
Reserve Product Reserve.Primary Reserve.30-Minutes
ReserveZiRHtAIBE T B,

100 LARICIHNE TE DA T S5ARRED )Y —R

Non- :
. N EDOEm ThY) . Reserve, Primary
Synchronized Reserve, 30-Minutes ReserveZiz{talgE @ @ X
Reserve Product g3z,
10905300 DEICIHNE CEDA U TIIUEE
Secondary FATSADIY -2 EDERTHY., £h @ >< X
Reserve Product 2% -UF—J&&EIE. 30-Minutes Reserve
ZIRMHAEETH D,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”, &H: 2024F1815H,
https://www.pjm.com/~/media/documents/manuals/m11.ashx &Y =ZHSHHITFAER

Copyright © Mitsubishi Research Institute 142


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

MRI
ReserveDiE$E(2/2) :Flexible, Inflexible Reserve &1

® ReservellldDV—BHIZIKU TFlexible, InflexibleD2EEICHEIND,

® Flexible ReserveldEEHDRT-SCEDICH VTSIV EICEnergy&ReserveZCo-optHAeERIY—XTHY . %
BIDATIA-AUSTAVEBECHILEIEEREconomic Load ResponseMZET 5,

® Inflexible ReserveldReservetHIC)—FI1LNRBERRBTESY —E 0 KAFEE. Economic Load Response’
ZEHTD ) RIMLNDNRERZSH EFHRO60~300RIICEEINDSHNEY—IL(ASO: Ancillary Service
Optimizer)IC&>T. kWh-Regulation:-ReserveZzRAKR&EIL(Jointly optimization)LDD. COEETIE
Regulation&Inflexible ReserveD A&V LETE5NB,

_ Inflexible Reserve Flexible Reserve

1)y —X¥&E5 o SEEEENRIEERA T TA RIRT—E D (CT)RUK | « FASA AT 514 FKER
NFHE « Economic Load Response

« Economic load Response (MBSmMEDIIRNNIE D)

WREAE Ancillary Service Optimizer (ASO) RT-SCED.
AT AT AME% T4 ATSAINI)I—R

RN YA MR 1BFRS EAREL
ACEHRFRS) - E2EH AT @ N 3049 EAREL
BsF
B AE FELL(REOY) D300HIICEH DPIVIALIES
oJ RS BT SBEINI=KSCED (5% 8f1)

HAT) PJM,” Reserve Markets Overview (Reserve Certainty Senior Task Force)”, p.32, 2023F108108 LY =R EMEFRER
143
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Reservemiz(CSNAIgER )Y — XD EIZHEH A

® ReserveMiBICSMATERUY —ZDBERUEBHETROESYTHY . PIMEBERICUY —ZINFEL. Ba
FFUAACE2E N ZIRMAETH DY —RXIEReserve  —EXRZRMUAIEETH B,

o RFA-EA KENXIEIPIMRUMMUMNBEIEEZRHZIHEICRY . BEEEZRT D,

EiRiER! BT R

[£Reserveitii])
LUTOEHZEEZSRVIGEESEReserveEmE iRt 2B %F>TL\ 5,
e PJMIBRHNICFELEL)

o HANZERRF(Emergency) DHgtEIND

[Non-Synchronized ReservesDEt& 4 & b7z S U\ S44)

® Economic Load Response

INAT)yRIJY—2Z

TRIVF—BrEiin

BIETZICE VW TPIMDHZEILBKEEET )L (the PJM optimized pumped
storage model) [CEMU TWRWEKFEEEIR. H LTI LTHIFZICH W THIE
MW O%EEZ 255

PJQ@OMMUD\'QE*%&EW&MTLT%ALBEU ReserveEmziRt I &N KD,
e | KIRET —Y(E ReserveBEmADBEERRXIGICE T SBEDT —F0HEEY —XDiZE
RIN-BA-RNEX | |—gsy z et c 5.

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”, &H: 2024F1815H,
https://www.pjm.com/~/media/documents/manuals/m11.ashx &Y =ZHSHHITFAER
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Reserve®DFA T 7

—&#HR(/3): AFLRT—H R

® ReserveDAT77—1B#HKIEZ. AfLRXRT—% X (Availability). AfLZ (Offer MW). A#fLM+& (Price) D3IEE N SHEBRHR T
Nd,VJ—RERICLY .. FNFNOEBHICKDHDOSNDANLBRNER S,
o HEY—R(XBEIVY—R. KA. NATUyRDJY—=XZR)IE.Energy Offer(KWhEX5]) ®AvailabilitylE#lZzEU

TReserveNDANRT—9RZ=B#HEHZRIND=H. Energy market (kWhEXE])ICS

MUTWBREY — X (L@HS

in(Must offer) &%, ZNUADIYY—R (KA. EEY—X, Load Response)ld. Reserve Availabilityz&&
D& TReserveMmFICSIMT D ENEHFKD,
> RO KB -BFAVY—XIE. PIMOTIAINEEREIZTReserve AL ENSEBA TN TS PIMOSHIANKE %S

& CReservemBAAFTHCEEREDHOEN D,

| Uy —ziERIDReserve AL ZTF—9 2D &R H
« AT —9RE=FFHFKIT BV —RXIL.Unavailable, Available.Self-schedule®®h51DEIRT S,

)Y —RiER!

ESR/Hydro/ Load Response

onaense Othe eneratio d/Sola
Synchronized
Reserve
gsr?(;hronized Energy Offer Availability Statuszs|RAU &
R (Energy marketIZISALL TV 3B AIZERIMuUst offerk)
eserve
Secondary
Reserve

Hybrid Resource

AvailabilityZz &k

Hydro®Dd.
Availabilityz &k AFLAET
(ZDMIEAFLAE])

AvailabilityZz&8%

*Nuclear, wind, solarld@FReserve AfLTEZNSEHRATNTULD N,

PIMA S HINEERZERITDZETSMARE.

HFT) PIJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”, p.104, p.107-108, 2023F12814H
PJM, “Reserve Markets Overview”, p.15, 2023F10810H

Monitoring Analytics, “PJM State of the Market - 2023”7, p.601, p.613, 2023F9H3H
PJM, “Market Database Dictionary”, p.50, 2015F4818 &Y =ZFHLEMEFRIERK
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ReserveDA T 7—Ig#k(2/3) : AfL2E = i

e BE . HREBEVY—R(XBEVY—R . KA. NATIYRNY —=RZBZRL) I BEH/INSTX—9PEnergy offerHU\WTPJMM
Reserve AfLEZBET D2 TGS MENEEFRITDINELRL,

e BFEY—X(ESR).KAHydro). \NAMTUYyRUY—X DRIF. BEREXDDEHICIEU TAILE(Offer MW)ZEEU.
BRITDIENEFKD AINEEZEHFITDCENREHONTVNBRIIY —RL. EEHROSDAIECALEEZEHRFITDIENEFRD,

| Vv —z2ERIDReserve AL BDEHEHE
PIMPR AN EZEEULRVWESR/Hydro/Hybrid Resource/Load Responseld@EmmEXaalIcOffer MWZ &89 5,
« Synchronized Reserve: REFICEABIN. 100LULRICELERGERRELZIEIAFTHIFEEE L TOffer MWZ &%

« Non-Synchronized Reserve: RIEICIEEEHTHY . 100 UAICEZETREREEXRLIFEFREIEEE U TOffer MWZE & §k
- Secondary Reserve:[EH-EEEZRNT. 1090 ~30 0 URICEEREELRFEEXLITEFEIREE L TOffer MW%E & &

1Y) — @5

ondense Other Generatio d/Sola ESR/Hydro/ Load Response
03 Hybrid Resource

Synchronized 2xpa( LEa520E

Reserve Offer MW= E$%(L5E50)

Non- B —ZADINTA—=5F—ZRBL\T, HydroM#.

Synchronized PIMMAFRLZ (Capability MW)Z&EE Offer MWZ &% AFLAHA

Reserve CRIBZHER) (EEc&8R)

Secondary Z%ra( LSI220E

Reserve Offer MW= &% (L52208)

*Nuclear, wind, solarl&Z@&EReserve AL ENSEBRAINTUVEIN, PIMASHIA KR EZ(TDETSIMATRE,

HAr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”, p.104, p.101-110, 2023F12H14H
PJM, “Reserve Markets Overview”, p.15, 2023F108108 &Y =ZHREMZRTER
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[ZEIANLEDEEALE(/2) Apjm

® Synchronized Reserveld100LLARICELERRERTFHE N (Reserve) THY . S-S5 100 RICELERRER HE
HEEE . BEODLENENSEconomic Max.£7zlESynchronized Reservell#ftE g E AR KIE(SynchMax)
FTCOHEAFEEEXELERL. WITNNMNNTVWEENANEEVLTEEINS,

| synchronized Reserve ALBDEE A%

' alculation Example from an Online Gen Uni

Jm SR MW Calculation E le f Online Gen Unit
Eneriy + Reserve (MW) Unit G
400 - STATUS:

Online | ECOMIN: |  ECOMAX: | SYNCHMAX:
300 _ '/ 200 MW 100 MW | 600 MW 500 MW
Zogi, " RAMP RATE (RR): 5 MW/Min
T  T1+10 Time (Min.

= max{ 0, min[ min(EcoMax, SynchMax) - Initial MW, RR*10 ] }

Capability

= max{0, min [ min(600, 500) - 200, 5*10 ] }
= max{0, min [ 500 - 200, 50 ] = max{0,50}
=50 MW

M11, Section 4.2.5.1

AT PJM, “Reserve Markets Overview”, p.23, 2023F10810H &Y =ZMEMEAIER
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[ZZIANEDERERE(2/2) Apjm

® Secondary ReservelX109h 5300 LLRICEERRERFAE N (Reserve) ThW. S TL—rZEIC300LLAICEE
AgERHENZEILEN S5Synchronized Reserve AfLEZZEZUL5IVWEE . IREDEAEN SEconomic Max. 7= I1&
Synchronized Reservell#tHalgE R R AREXFTOHRETEEZ (SynchMax) ZEHEL, WINMNNMNETVWES=E=N AL
ECUTEETINS,

| secondary Reserve AHLBOEEHE

épjm SecR MW Calculation Example from an Online Gen Unit

o 4 Energy + Reserve, MW Unit G
400 STATUS:
: Online ECOMIN: ECOMAX: SYNCHMAX:
300 100 MW 600 MW 500 MW
200 Mmw
200 :
' ) Time, Min RAMP RATE (RR): § MW/Min
0 T1 T1+10 T1+30

SecR MW  =max{ 0, min[ min(EcoMax, SynchMax) - Initial MW, RR*30 ] - SR}

Capability

= max{0, min [ min(600, 500) — 200, 5*30 | - 50 }
= max{0, min [ 500 - 200, 150 ] - 50} = max{0,150-50}
=100 MW

M11, Section 4.2.5.1

HFT) PJM, “Reserve Markets Overview”, p.24, 2023%F10A108 &Y= SHRFTIER
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ReserveDA T 7—15#H, (3/3) : AFLIMEHE

o JU—Z2f@FZERNT.Synchronized ReservelC A TEINY—XE RN —IATANMEEERIDIHNENH D, C
DEEDOAFLMI&IE. Synchronized Reserve PenaltyWBEEMNLRERD,

® Non-Synchronized Reserve&Secondary Reserveld. JV—XBAITAMEERETD_ENEFEXT . PIMICH L
TO0$/MWhEHRDONSB,

| Uy —2ERDReserve AN & DG %

1)) —RiER!

onhage s Othe d/Sola R aro oad Respo e
eneratio ea pDrid Reso e
Synchronized ARMR—=ZATAM MR Z &5 T DUECHigIERZ EFZUEN 2720V —XE0S/ MWhEH8T).
Reserve AR IESynchronized Reserve Penalty®ZBEZEN LREGY . IRIRIZ0.04 $/MWhIZERE
Non-
Synchronized BRI (0$/MWhELTIRNONS)
Reserve
Secondary B4R (0$/MWhE L TIRDNS)

*Nuclear, wind, solarldi@FEReserve AfLFRRNSHEATNTVWDIN, PIMAOSHIAREEZITDZE TSINAEE,

HAr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”, p.104, p.101-110, 2023F12814H
PJM, “Reserve Markets Overview”, p.15, 2023F108108 &Y =ZHREMZRTER
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Reserver

1IGDIM1 LT

MRI

B/

o BIAMIBNDTIEEXTICEnergy offer(kWh)Z A UZEEND S5, ReserveZ 2T 3ERDH3LERIFDay-
ahead Reserve MarketlCAMLUzEARTIN.EBEXLEDMust offer&R>TL 5,

o FIHMBICHITDReserveEmIERFIHDI13FETICHEIN. FIBKWhTIZOHEREHICMarkets Gateway &Data
MinerlCAATN. . FEET D,

o UPINIILMBZBICHITDReserveEmIEBTHND 14150 X TICERINEBRZEICIBECEICHNEINS,
> —EDANBRIEIERBDOSDRIXTICEHMNARLTH D,

15iBH I~ BRA65 P ETCORBIILSAY

« ReserveZiRHI3ERDHIEREDSS, siHD 1 1L TICIRIVF—HBICALLUZERIFEIHD
5511:00 ReservemiBIC AFLEITHORITFNIRR S5, (Must offer)
Day-ahead : . BIEMSICHT BReserve BRI, HFOTTHELEIRILE—Y—2 & U THIATE A BIRD S
I?ne:relgte SAI1IZvFARE(Economic Max.Dfl) 1A T %, ZD1=8H. 1EBIEDReserve b EE(FER S,
aiE11:00~ |- sIHMHICHITDReserve@mmIIBIHD 13X TICEHTE I N, sitATHBOKEREHICMarkets
13:00 Gateway &Data MinerlC AN FEET D,
BiE11:00~ |- U751 LDreservemdiifIC AFL 9 D5 EICIE. BEA 650 HIE CICEH A RERIBERUN (TRSR) =
aIE14:15 BIHD14B1 50 £ CICBHRIREHIT 2N ENH D,
o EFRBDOSDEIETICIILLTDBRZEHITD_ENAEETH D,
- REARERENBEHR(Offer MW)
_ aIA14:15~ « ALRT—% X (Availability)
Realtime |EERH65%FI « Synchronized Reserve N7 J7—{fitg
Reserve s CIVIRTI1—IVERTHIHEH
market o UPIEIMLTHBICH TR ABERICEL DR Reserve@mDitglEData MinerlCTAKREINS,
=Em65aT || ASOIC&K Y. MBIV ICHIFBInflexible ReserveDENHHHRE SN EELHRI 0D RIE TIS@EAN
» « ZD#.RT-SCEDICL > TEFHRESHIVICHIFTSFlexible Reserveht. kWh & [ERF&E L (Co-
opt) 1., EIHoHNER GElILRIESER)

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",B&H: 2024F1815H,
https://www.pjm.com/~/media/documents/manuals/m11.ashx &Y =ZHSHHITFAER
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(& T - DReservefIETI LTI e

e BIHMIBETIX.SCUCICLE>TEH2ABE(1BREX2437)ICHIFBSynchronized/Non-
Synchronized/Secondary ReserveZREUL. Market GatewayZz@U THERRZ BT D,

o UPIAMLTBTIE. FTEEHRO60~300FIICASO(Ancillary Service Optimizer)ICE>TEHIBFEIVICHT D
Inflexible Synchronized/Secondary ReserveZfIEJd 2. ZDE. EFH1008IICRT-SCEDIC&L>TH OV
#ICFlexible Reserve(Synchronized/Non-Synchronized/Secondary Reserve)E#EJd D,

| Hi55 - BEDReserve WEI I LS

20|17 Reserves Results Posting
T L
Sinch Reserve s Market Results in A day ahead of the
y y Markets Gateway operating day
o
> @® Market Results in A day ahead of the
T D 4
o Z OB R AT Markets Gateway operating day
Sonrtan Basera Hour Market Results in A day ahead of the
&/ y Markets Gateway operating day
. Market Results in 30 min prior to top of
Inflexible Synch Reserve Hourly Markets Gateway Kot
. Market Results in 30 min prior to top of
Inflexible Secondary Reserve  Hourly Markets Gateway b
. : ICCP link and Dispatch '
Flexible Reserves Every 5 minutes lambdain MG Every 5 min
Clearing Price Every 5 minutes zca)f/? Minerand BiM Every 5 min

HFT) PJM,” Reserve Markets Overview (Reserve Certainty Senior Task Force)”, p.33, 2023F10810H &YW =M SHZFMER
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MRI
Reserve Subzone®:% o

e PIMTIE.ReserveNFIAINEEBICZEERNZEZEZHTRVWELIICH IV —UZEREL. T TV -2 EPIMEBICH T2 EER
BEmizd LDICReserveDFHEEITO> TS,

e PIMTIFEHMDT IV -2 ZETIETDICENEEDIMN FAEDIVICEVWTENERD T TV —2IF1DODDHTHY ., miHF
Zm&EICIEMarket GatewayZz@BU TEMRY TV —UN@HMIND,

o TJV—2[FAIH(Day-ahead) A ZAIREUVTCET TN BRIV TZIVIMLICEVWTERA—TF TV —UNEIET#HAN
B ETZU BRI TIVIALICEVWTEMNERD T IV —UEZTEITIIHBENRHGY . ZOGEEEHIESMEICMarket
GatewayZBUCEENBHNIND,

I Reserve Subzone®:k
Subzones will be modeled on a day-ahead basis and will apply for the entire

operating day

* By default, the same
subzone will be active in
the Day-Ahead and
Real-Time Markets

* Changes to the active
reserve subzone can be
made in real-time intraday
on an exception basis

« Stakeholders will be notified
of all intraday switches in
the active reserve subzone
via Markets Gateway

*» Markets Gateway will reflect
resource’s assigned active
subzone

*A-M represent
resource locations

HAr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”,p.115-115, 2023F12H14H
PJM, “Reserve Markets Overview”, p.37-41, 2023%F108108 &Y =ZHLAETHEAIER
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ReserveDEE

R

MRI

e PIMTIIEBAREKET TV -2 EICReserveDFEMHBENER TN FEMBFICIE2EREDOFEEZEEZENREIND,

> Reserveth  —ERXCEICEEMBENRE N, FZEEZEET—EXRICREIND, (TFRESR)

> BREFZEEZICIHU TPenalty Factor®

=L ==

ax AE

TN.ReserveFfRBERDIEZBRICIINEMENSHET S,

o SHEMEXREZIX.Synchronized ReservellB T 3R RKRODE—FEHHEYZEELUVUTH—ERNICKRESND . mADE—
EHDBAEX. AR TIE—RKRICKWh(Energy) EUCHIBHRERRADFRE!)Y) —ADEconomic Max.DiEZE. )7L
HALTIEF—BICAISAVBRE ) —ADNDERKOB—FEKRBEHOHEHEZSET D,

| ReserveDEEHMBORRE BT E(FEH)
Reservetr—E'X

Synchronized Primary 30-minute
Reserve(SR) Reserve(PR) Reserve
EfEMEXE BADE—EWH | Synchronized | LFDOS5. T\ K
Reliability MH Reserve S%%A
Requirement DiEfFEEENRE | DPrimary
MD150% reserveD{E#a
HEXRE
@3,000MW
QA RHHAIC/R
DERADTBIE
BEERUZE
FlehEKSE SROEFEMEXR | PROEFEMEXK | 30-minute
Reserve SCEINMTEA | 2EEEINFiES ReserveD{5iA
Reaquirement | B REXDSET EREXDHET MERE&EM
?fiﬁ%ﬁéixw
[ =]

XExtended Reserve RequirementZiEL. ER L DAFAEEMEDEMZE H/IN—F 3:EN
MNRFHEHZEFETDIEHICRETND . BIRTIE. FEEFE+FTIOMWEREINTL S,

Penalty Factor
($/MWh)

$850 (%)

Step 1 Step 2
SR Fiwh
ERE ERE

( | )
! !

H—ERBIIC EREERBIC
WEERE +190MWLE
A

Hr PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”,0.101-110, 2023F12814H
PJM, “Reserve Markets Overview”, p.10, 2023F108108 LY =ZHATHEARER - —SRINZE

>

Reserve
Requirement
(MW)
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MRI

[£%&]Reserve DEEMIRDEH Bpjim

o BIHMBFRLZREUZIIALICEVWT. RADE—EHHEIDBTENT,210MWE 2GS GEMEEXREZERL
1,21TOMWERY ., ZOBE% TR 25 &IEReserveIEMEMNE850$/ MWhICEKET S, (FEStep 1)

o FADE—FHWEIHDBE=(1,210MW)ICT19OMWZEZNMABENFlRAEXRKEERY.1,210MWL L~
1, 400MWXEDHZTIEReserveIEMB N300/ MWhERD, (FEStep 2A)

o HFE7S>—r(Hot Weather Alert). KX 7>—r(Cold Weather Alert)emergency procedure i
SINBDEOBFEFNFEINDIGE. PIMERFERDAEREICHUTDHICEMDFRHAEKREEZRET
DENHED, (THEStep 2B)

| Synchronized Reserve DEE B OMIK EBZESE
$/MWh

A
$850 -+

T 1

1,210 MW 1,400 MW 1,400 MW + Extende
FREERE FRAERB(EEER) FRAZKE(ERSF S07E)
| STEP1 | STEP 2A . STEP 2B '

HFTPIM,”PIJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”,p.117-118, 2023F128148 &Y =ZHRAMITAINE
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MRI

ReserveEmDEREEA L =4

o FReserveEmDAHKIL. HEReservet —EXDHEEEETDI_ETHETIND,

® HReserve —EZXDMEIX. RTORUT TV —2ICE VT KWhFEHR/INS D XIHH., A HERHH. Synchronized
ReserveZ#. Primary ReserveZE#., 30-minutes ReserveEBH#  BLUZREREFNDORFNE /I UBMN SR
mRE{EZEITV . BReserveBHED IV RITSARELTRHEN S,

o FIHMHZICHIFTBReserveld, TRBIOVYIEICKWhlig E R U ReservefifARERFICREIND,
> RegulationldRI BB A TORZEITEWN

o UPIIALMIZICHEIFTBReserveDfit&(L. Locational Pricing Calculator(LPC)IC&>T5AIV¥EICKWhIfH &
Regulationffif& & RBFICMEE N REIND,

Synchronized Synchronized+Primary+30-minutesDZNENDOHEINRICHITDIUVRT | RFIVTARED2:E
Reserve Product TS1ADEEHE =1,700%/MWh

Non-Synchronized RFIWTAREDT.56E

Primary+30-minutesDENENDOHEVRICH T DI RITSAADEEHE

Reserve Product =1,275$%$/MWh
Secondary Reserve i (= N[ 25 ke g —P = RIIT 1 7E
Product 30-minutesDHIRICHIFZBIYEITS1X ~850%/MwWh

HFr) PIJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”, BH&H: 2024F1815H,
https://www.pjm.com/~/media/documents/manuals/m11.ashx &Y =ZHSHHZTFER
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MRI

[Z2%]Reservetr—ERICEHTBHIFHR - %

AIEMBEGIC)PIVIALTHHETCOSCEDICHIFHReserver —EXICETHFHRKNIELLTD@EY THY,

°
Synchronized Reserve.Primary Reserve.30-minute ReserveD{H—EXME &ICHHPXMNSub-zone
MURTO£ATERITONTLS,

o HReservet —EZXDMIEIEEFENEFNDReservellEAITI3HHNRDI VY RITSAIANFERINS,

Synchronized ReservelcEd D HIFAR

For RTO reserve requirement:

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

=1

Primary ReservelC B9 B Hl#R
For RTO Primary Reserve Requirement:

n
Z SR_MW (i) + NSR_MW (i) = RTO_NSR_Reserve_Requirement ;forV i

=1
€ nno. Of resources,

30-minute ReservelZ B9 S #IHI=

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

=1
€ nno.of resources;

HF PIM, “Energy and Ancillary Service Co-Optimization Formulation“,F&H:2024F1812H,
https://www.pjim.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx &\ =2 EHFTATER
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ReserveDIEAZE(/T7) HNEIALSA (HEIB)

MRI

A

e FIHMIBZETIX.FHDEE
o UPIIAMLTHETIK,. E2E

RT-SCEDIC&>TkWh&Flexible ReserveZzER&HE{L(Co-0pt) T 5,
D71 LR~ RS

Day-ahead
Energy market

Realtime
Energy market

Reserve market

(Synchronized
Reserve.
Primary

Reserve. 30-
minites
Reserve)

Regulation
market

Frequency
Response

AfL

%1:Energy marketics
¥ 2:ReserveldaiAmH- U7 )b@fh?%ﬂ%ﬂ‘f’]m(clearmg)%‘fﬁjb\ ﬁuEIFﬁB—;T%’J/EL/Te;li')"')b&’fhfd);zi‘“&ﬁf‘9“ RT-SCEDIC&> TkWhEER&E/LLINZReserveDHNEFE
BICBIFBIN T+ REHBERE D,
%3:RAC(Reliability Assessment and Commitment) DB, BIHTHZEDFTY AL -BEVWAMNICLDINEBR TCIEMNEROperating ReserveZBRTERVES. PIMBEMTSCUCZEEE,

CII=hiE:
(offer/bidICED<HIE)
1:00 13

5 >
(DA-SCUC) 3

e

(DA-SCUC)

'30

X&ia 7IE

(B AL

AL

RAC
%3

AR EFEH
14 15 18:; 30 0: 0065ﬁ4ﬁ

6058 3048

M4 (1EEX2439)ICHITDdkWhEReserveZSCUCIC K> T REET D,
$H60~300HIICASOIZEL > TInflexible ReservezZfESE. FNDEESE

$BE59IVEIC

EFHR(59%x123V)

| BAZRR%EE COKWh, ReservedSvrXUrE |
------ _--*--4------;--,--4---;--+--4--Q

EEU—2R. 7J<7][5$<)IIJ?HIJKL/TReserveFﬁhﬁlJﬁ%'J)\*L*n

B —2 KA DRIJA*L'F?&EQEB‘%;tb\ﬁE‘Eéo

| Pt | — &5£1YD1048ICkWhEFlexible

! ! f ReserveZRKREIL(RT-SCED)

i ' i | e

. Offerls®o | ! o

| B : 1 .

: 3 | CosasY ey B

| ) Tcwe
3 | LBUE o reeen || RT-scED | ot |
3 : Regulatio 1] ‘ 3 3
! | NIELE | ‘ 3 3
! LOBICER ! !

j S T AE I o

Offeriso | T o

3 Bk | 1) : 1

| | i f -

D i ol e

3 ! j ! T et i i

i | SN ! LTt TTTT _____ ol Rl SB[ Cea e

| | | | Lo :

: : : Lo

3 ! | Ancillary | \ 3 ! Z1EFEDRegulationZEHIE

~ Offerf§#® |  Service | L ,| MHELUY—2DEnergy Dispatchable rangelHIIREEERIF

i BIE |  Optimizer | | RegulationfIEEZ£EE TS T, RT-SCEDCIEREMICkWhE

! ! i (ASO) | 3 Reserve DRIES L% X

1 S R R S e S e e e S e

| | ‘ : I

| | Eﬁﬁlﬂﬁﬁ(?ﬁ% ‘ —%La“:h\‘clﬁﬁf 3‘/\*%1#) I R R
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ReserveDWEARE(2/7): MR

Synchronized ReserveDJY —XFIEHEIEDEE A IE 21

® Synchronized ReserveDHWEWNIBZTOME. UV —INEEHKULI=Synchronized Reserve Offer PricelZtinz. ")
V2B EICHENIBRICEETDIEN IR N effective cost) DEtEAENTRTINTHY ., CNHMReserveDHEN
B -MBEECALNSNTLS,

| Synchronized Reserved=E#Iax ~(effective cost)

)y —XT&ER| IR+ (effective cost)

Online Flexible Resources Synchronized Reserve Offer Price + Product Substitution Cost(PSC)
SynchReserve7 77 —ffit&&PSC (3% 1)

Inflexible Resources Synchronized Reserve Offer Price + Condense Energy Usage Cost (EUCOST)
SynchReserve7 J 7 —{fi& & SAAEHEERI CE I B AMBDEETER(K2)

Demand Response Resource Synchronized Reserve Offer Price

SynchReserve7 77 —{l&ND#H
Hydro Synchronized Reserve Offer Price +Average Value of Water
SynchReserveZ 77 —{fiig &K ADIIME (% 3)

X1:PSCIZEnergy(kWh)&ReserveZRRREBILTICEICEI > TEFMICKMEINZI IR M ETND EERXERITEMERNMLEZMN, Flexible Reserve&
LT#HEL]Synchronized ReserveldNon-Synchronized Reserve®Secondary ReserveZRBI D ENEXKZH. FONDMEEZEREL TRE
TNBDEHRIND EARMICIENon-Synchronized ReservewSecondary ReserveldReserve shortage(ReserveFTB)NFEELZIZEICshortage
PricinglC& > TAEAZNICEEL. ZDBEDORFTILT 1N Synchronized ReservellERBMITBZCEERBLTVDREEZSND,

X2:EUCOST($/MW) = (LMPflitg XEAFEHAZ(MWh) + Synchronized Reserve CapacitylCTEREINIABEGZERZEZXRT.
X3 EHAERIFEMERINVELN, KAREICHZDIEEAFZ(LOC)AEENTVBRZENTEBINTWS, (PIJM, Manual 11, 3.2.8 Hydropower Units
Opportunity Cost)

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",B&H: 2024F1815H,
https://www.pjm.com/”/media/documents/manuals/m11.ashx
PJM, “Current Offer Structure and Pricing Outcomes for Reserve”, p.14, 2023F11826H LY =M AMHF{ER
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ReserveDWIERE(3/7) :piB™HHICH T SFIE LI B0

e FIHMIZ CTIESynchronized ReserveZ#tHAIRELLER )Y —ZADNHWERRERD . VY —XDEI XM (effective
cost)ZH L. ReservebhEBEEZ WM ITETRTAXAIUY T —F—BICHETE S,
o MNELEY—IFIVIY—ZXDEMIARXNReservemHDHNEMIE(MCP: Marginal Clearing Price)&x) . 27
WITISARTEHNEI—RIZILIVREIND,
> THDGE.EHNIRDZEZWVWIY —ZIADSIEICHE(Resource A,F>D->B)U. ¥Y—JUFTIIJY—XTHDIBODEMIX
MReserveMmizDHMEMIE(0.20$/MWh) EUTERE,
ISynchronlzed Reserve:RIHMIZICH T DK ELE

é/ | Day-Ahead Synch Reserve Clearing Example

Synch Reserve Requirement = 35 MW; Market Hour = Hour Ending 11

Resource In-Flexible SR Capability, MW | Effective Cost, $/MWh SR Cleared, MW SR MCP, $/MWh

A No | 10 $0.10 | 10 $0.20
I B No | 10 $0.20 | 5 |

C No 10 $0.30 0

D Yes 10 $0.15 | 10

E | Y | w0 | s | 0

F No | 0 | $0.10 | 10

All eligible | The Effective Cost is the sum of the | Resource B is marginal, and sets
reserve resources - resource-related offer costs plus opportunity DA SR MCP = $0.20/MWh,
are considered for clearing. | cost from the joint optimization. | published and financially binding.

HAT)PJIM, “Current Offer Structure and Pricing Outcomes for Reserve”, p.15, 2023F11826H &Y= SHZTAAER
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ReserveDWEAE(4/T7) :ASOICH T D HEUIE A

o UPINIMLHIBCTEERRTIFEANSEBHRLEONENENEREIN., 1EREBICAncillary Service Optimizer(ASO) M
EHIND,Synchronized ReserveZHEAIREBER Y —ZADRNEREERY KUY —-XDEHIX~(effective
cost)ZH L. ReservebhEBEEZ WM IR TAXAIUY T —F—BICHETE S,

o ASOIFEFHRTIFEAINFHRICE DV T, B1FMIYMDRegulation&Inflexible ReserveZ &R FERDLIITHRE
IT5H.ASORBETEEINIEY—IFIVRReserveffildmEM G Reserveiti§E U TR EMIF S NRL,
> THRDIZE. W ERReserveZiER I Do Inflexible’®Resource D, EICHUTRIEFEIVDEHENRAEIN

. FTNLUADFlexibleZiResourceslZERIDRT-SCEDETHIE [T TREHBREYENREIND,

| Synchronized Reserve:ASOICH I+ 2 #E M
é/- Real-Time ASO Synch Reserve Clearing Example

Synch Reserve Requirement = 35 MW; Market Hour = Hour Ending 11

Resource In-Flexible SR Capability, MW Effective Cost, $/MWh SR Cleared, MW

A No | 10 $0.80 | 0
B No | 10 $0.70 | 5
c No 10 $1.20 | 0
D Yes 10 $0.15 | 10
E Yes 10 m$0.60 10 |
F No 10 : $0.20 10
All eligible The Effective Cost is the sum of the | Resource B is marginal
reserve resources resource-related offer costs plus opportunity but no SR MCP is published
are considered for clearing. cost from the joint optimization. | from ASO and not financially binding.

HAT)PJIM, “Current Offer Structure and Pricing Outcomes for Reserve”, p.16, 2023F11826H &Y= SHTTAAER
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ReserveDWEAZE(5/7):IT-SCEDICHITDHEUE Bp

o UPINIAMLHBCTIEERRTIFEAINSERLCONENIENERIN, 2EEBICIntermediate time-SCED(IT-SCED)
NEEIND.Synchronized ReserveZ{HARELRER)Y —IANRNERRERY . UV —-ADERMI A (effective
cost)ZH L. ReservebhEBEEZ WM IR TAXAIUY T —F—BICHETE S,

® IT-SCEDIFEEHRIONDFIDBERICEDVT. EFRTIFHBIOVDInflexible ReserveDHEEME|YUEEZEH T D78
[CETEINS.PIJM dispatcherldEH TN HBALNEZRICVY 17 TEMEIYNEZEREIT D, IT-SCEDERETEES
NEY—J7I)VIRReserveffifldmEB G Reserveffiig & UTREM TS NRLY,

> THEIOHE.IEOASORRICHIFTSInflexible ReserveDENHEEDEAENRL . IT-SCEDE R TOH I EBINE Y
SIFEVNCENRINTLS, Flexible’®ResourceslZERIDORT-SCEDETIESMHITTHRENQEIYENREIND

TH RKHNETH D
| Synchronized Reserve:IT-SCEDIC &1+ 3 #1012
é/’ Im Real-Time ITSCED Synch Reserve Clearing Example

Synch Reserve Requirement = 35 MW; Market Interval = 10:15

Resource In-Flexible SR Capability, MW Effective Cost, $/MWh SR Cleared, MW

All eligible \ The Effective Cost is the sum of the Resource B is marginal but
reserve resources - resource-related offer costs plus opportunity no SR MCP is published from ITSCED
are considered for clearing. | cost from the joint optimization. and not financially binding.

HAT)PJIM, “Current Offer Structure and Pricing Outcomes for Reserve”, p.17, 2023F11826H &Y= SHTTAAER
161
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ReserveDFIEHE(6/7):RT-SCEDICHITHHEUIE B¢

o UPIIALTMGCIHREFTHRIFENSCEHRLCIONELENERIN, SRHEBICRT-SCEDNEREINSD, Synchronized
ReservezifttimlgEsflexible resourceMHFMFIER R E QY FIY—ADEZIIRX~(effective cost) ZR L.
ReservehEBEEZRBITEXTAVYM—F—IBICHESTE S,
> ASO, IT-SCEDTREINTzInflexible ReserveDEIHUEIX. FAISEDFEELTEREIND,

® RT-SCEDIIEEZEHRI0ONRIDIBRICEIVNT,. EEHRSHIVDflexible Reserve&EkWh(Energy) DEIHE %R RE
(Co-0pt)TB1HICEITINDELU.RT-SCEDEETEEINIEY—IJFTIV@ReserveffiigldmEB G Reserve it
EUTHRIEMITONT . REOLPCICL>THBEENEREIND,
> THDIBE.ASOKRUVIT-SCEDTERHIICREINIzInflexible’tResource D,EZfm5DIJY—R &L, BIC

Flexible’®Resource FRUCZE XU YA —F—BICHETE. RN EEZRLET D,
| synchronized Reserve:RT-SCEDIC &I 3 # & 0IE

é/ | Real-time RTSCED Synch Reserve Clearing Example

Synch Reserve requirement =35 MW | Market Interval = 10:15

Resource In-Flexible SR Capability, MW Effective Cost, $/MWh SR Cleared, MW
C No 10 $1.20 5
D Yes 10 $0.15 10
= Yes 10 $1.40 10
F No 10 $0.40 10
All eligible flexible The inflexible reserve MW The Effective Cost is the sum . Resource C is marginal
reserve resources are committed from upstream of the resource related offer costs plus | but no SR MCP published
considered for clearing | offsets the reserve requirement | opportunity cost from the joint optimization from RTSCED

Hjﬁﬁ')PJM, “Current utter >tructure ana Fricing VUtComes Tor Keserve , P. 16, ZUZ35 1 108 &Y =zZ=mea Wit FTHTTFR
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ReserveDWMERLIE(T/T7)LPCICHITHMsEE B

o EFMS5NIVHMT#, Locational Pricing Calculator (LPC)IC&>THESHIAVDUTILY A Lz (LMP,
Regulation, Reserve)hEHIN 3,

® ReserveDUT7ZIIALMIERERET SDENMZHEITSDEIRIE.RT-SCEDICE>THREINT=Flexible ReserveD#Td
L) RT-SCEDUAIICEREINZInflexible ReserveldWEMBEEICALSNGL,

o THNEHE . HWEEH(Cleared)h DFlexible ResourceldCRUFTHY . CDS>EEMIXMNELIResource CH
N—IFIWERERD, U >T.Resource COEMIAMZESynchronized Reserve D EMI& (Marginal
Clearing Price) E REL. B EER/RZ BN - BRZERET D,

ISynchronlzed Reserve:LPCICHIT B MIEERE
‘ Real-time LPC Synch Reserve Pricing Example

Synch Reserve requirement =35 MW | Market Interval = 10:15

Effective Cost, $/MWh SR Cleared, MW SR MCP, $/MWh

Resource In-Flexible SR Capability, MW

1.2

A No 10 $1.80 0
B No 10 $1.60 0
| ¢ No 10 $1.20 5
D Yes 10 $0.15 10
E Yes 10 $1.40 10
F No 10 $0.40 10

Only eligible flexible
reserve resources are
considered for pricing

The inflexible reserve
resources committed from
upstream of RTSCED are not
eligible to set reserve MCP

The Effective Cost is the sum
of the resource related offer costs plus
opportunity cost from the joint optimization

Resource C is marginal
and sets the SR MCP that
is published and used in
Settlement

HAT)PJIM, “Current Offer Structure and Pricing Outcomes for Reserve”, p.18, 2023F11826H &Y= SHTTFAER
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ZFEREANDRTORUSuUb-zonelZdH|FDReserveff{EDIRY 43+ Bojm

® ReserveNDFEEMRIIRTOLEK KU Sub-zonelZH LW T, Synchronized, Primary, 30-minutes®3@EMNERT
na,

o ANULZERDSUb-zone XKURTONDEZReservefffEADIRY 217 (&. E4NELUWVEENSIEFICITHOND,

® Sub-zonellH1FSdSynchronized ReservelFRELEEHFNELWEZH . COEHZ/LIEREIEBLENICRY DTN,
DEHZFEZIRVERIEIRTOLKTDSyYnchronized Reserve®Sub-zone®Primary ReserveZig{t 93 EIR
EUTIRYDITINRITONZ . COERDIRY D IFIERTOLETDH30-Min ReservesEFTEBEIND,

o FIRMBEY . BReserveEDIY v RITSARAFEHNBEUVWVEEDANELRDLIICHKETNTHY.  HIZIX. TRICH
[75Sub-zone Synchronized ReserveffifEZ iR T 2BREDHEMIZIEMMDReserveffED Vv RO TSIAXELT
RBULEDERMEERS,

| RTO/Sub-zonelcH1FBReservelEEDIRY 41+

Product Product
Sub-zone Substitution Sub-zone Substitution
— 4 MW can be used to meet
RTO 30-Min requirement
% SR Price >= & » NSRPrice >=
NSR Price Secondary
Sub-zone Pri Reserve Price
:: ::(r;epﬁcze ¢ . _ Locational ‘/ Locational : S:P—;ggePP;lce
~07" Substitution / Substitution Eai e
RTO
. RTO
Synch Reserves , Primary Reserves _
—V/ 4 30-Min Reserves

NSR Price >=
> Secondary
Reserve Price

SR Price >=
NSR Price

HAr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”,p.117-118, 2023F12H14H
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(f)FReservelfED Y v F T 54 R =2 &IC U FMIED M4

o FIHRMDEY. Sub-zoneRURTONEReserveMEFIRHEFMERMEZEICLTREIND,

e THNDLSICReservemiFZICAFUEZREBIRICHUL T, BReservefffEADIRY 2T ZERERUIZES. Sub-zone®
Synchronize ReservelCTHIEINLZERDHWEMEIET10$/ MWhERD,
> Sub-zone®Synchronize ReservellTHEINSZERIESUub-zone®Primary Reserve,. RTOZ{K®D

Synchronize ReserveXU'Primary ReserveDMEZIRMHITD_ENTETH D6, BReserveED IR
TSARE8/EH L. 4+34+2+1=10$/MWh& i3,

| RTO/Sub-zonelcB1F3&Reserve D& RE

Sub-zone o B Sub-zone - 97— JOSREREHE = $10/Mwh
' 4/MWh+ + +
Synch Reserves Primary Reserves \(Nk{) $3/MWh+$2/MWh+$1/M
._ - H#IYU—2O SR IMW . 4 DDFEHE
HINTEBIT,
e - 9TV —UPREHER = $4/MWh
Sub-zone Price ($3/MWh+$1/MWh)
>= RTO Price . Locational - $IV—UPROVTR—TFSAZ + RTO PR
\_/ Substitution DIYRITSAR
- RTO SRE&E(HHE = $3/MWh
RTO e ($2/MWh+ $1/MWh)
Synch Reserves Primary Reserves - @T_O{ §R~>v|~“r77"547«+RTo PRI R
=

=

- RTO PRB&(ME = $1/MWh
SR Prics 5= - EEOFITIE, RTO PRIFMDMEERET

NSR Price RRZNAN

HAT)PIM, “Shortage Pricing and Pricing Impacts due to Reserve Shortages”, B&H:2024F18128H,
https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/2021/20210809/20210809-item-05-education-on-shortage-pricing-post-meeting.ashx &Y =%
HAMEATIER
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ReserveARBRFDMEFHIEDLHA-Shortage pricing- @1

® ReserveFfEBhWREULLEEE. U7ZIIILMAEKE(RT-LMP) Ereserveffitiz ABNICHEEE5 IS EIF5Shortage
pricingE WS A NFHET D. ReserveDPenalty factorzZEU. 5| LIFIBEBMNREIND, (R UVULRMEZE)

® Energy marketlCHIF2EBEHLMBED AALMEIELER2,000$/MWh7EN ., ReserveFEBHFICITZEICHEK
1,700$/MWh (Penalty factor:850$/MWh®D2 )N IMEIN. BET T3, 700/ MWhEXTE|IE ENRNS, CNHTH
& (LMP)ICRBEEIND,

I ReserveflZEFEDNDAA—T

s EE:25MWMReservehEBEZTELTLD =6, X4y Wi o
shortage pricingld@EREINGL,

. . Synchronized Reserve 1,700$/MWh

- BAF:TMWHaDReserveNkWh& U TEIREI N, ¥penalty factord2{&

RGSGFVG%‘E%E%EFST\ ﬁii’%ﬁﬁ*%(LM P)t Non-Synchronized 1,275$/|V|Wh

reservefEMIZ (L. 77 7—Mi&ICPenalty factorz Reserve Xpenalty factor® 1.5

- VAN

FRULMERESS Secondary Reserve 850%/MWh

25 MW Load 26 MW Load Xpenalty factord1/&

25 MW Reserve Req. 25 MW Reserve Req. Energy 3,700$/MWh

55, Energy Offer:2,000$/MWh

25 MW 24 MW Penalty factor:850%/MWhM 2%
Reserve Reserve

Convert to
Energy
Cost = Offer Cost +
Penalty Factor

25 MW
Energy Energy

26 MW

HFf) PJM, “Reserve Markets Overview”, p.26, 47, 2023E108108 &YW =R EHZFR{ER
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Synchronized ReserveDIRAEE Y

® Synchronized ReserveDIRAIFEIHTHERCUPIVIAMLTEDEFNFNICHITIEYUEEFDOIVICHIFTRMEICHU
TXIhHNns,

o UFPIAMLTFBICHFTAINRAIFLERMESUTZINIALTBICHIFTRIEHENSREHMIGZICHITIEHAEZEZZEZ05IVWVERICHULT
THOND . HENTIZEEKDTwWo Settlement AXRNFEBEINTVSRIEEZ SN,

IRABEFE PIMOEVEEER

Day-ahead Synchronized Reserve Market Clearing .
. . « Day-ahead Synchronized Reserve
Price Credit _ assignments (pool/self-
SDayr-‘ahe_add = Day-ahead Synchronized Reserve MW * DA SRMCP scheduled) (MWh)
ynchronize _

Reserve | BiHMWBICHI1FSSynchronized ReserveMiBICHIFBURA |+ pavanead synchronized Reserve
= (FIEMBICHFBSynchronized ReserveDEHE) X (RIHTIZICH T SRMCP) ($/MwWh)
%Synchronized ReservemigDiaEMiE)

Ba_lancing _Synchronized Reserve Market Clearing . Real-time Synchronized Reserve
Price Credit assignments (pool/self-
= ((Capped Real-time Synchronized Reserve Assignment — . EChed“l.edK/l(M.Wh) MW
Day-ahead Synchronized Reserve Assignment)* RT SRMCP) /| | peolom e & o s Reserve
] 12 Maximum MW
< Balrél\nCIflg g . Real—tki]medMS\N oul;cput .
ynchronize . Day_—a ead Synchronized Reserve

Reserve U741 LTHEICEITBSynchronized ReservemizIcHIF et e
51Rl scheduled) (MWh)

+ Real-time Synchronized Reserve
= (LERFFOUTZIVIA LTHBICH TR ELUE-sIRTIHZICHITIEILE) X (1 g";l\r/lkg;)c(lgi&wh?rice (RT
TIVE1 LHSGICH1FBSynchronized Reserve g DFEEIME) /12 . Synchronired Reserve Shortfall
*Capped Real-time Synchronized Reserve Assignment [CDUL\TIE#Eut MW

AT PIM, “PJM Manual28”, BEH:2024%289H, https://www.pim.com/-/media/documents/manuals/m28.ashx &Y =ZHSHHZTFIER
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[ ]Capped Real-time Synchronized Reserve Assignment

DEEAA—=D

® Capped Real-time Synchronized Reserve AssignmentldSynchronized eventWEEITE3NEMNICLD T,
BEAENDEDD,
> Synchronized event®E& R ICIXCapped Real-time Synchronized Reserve Assignmentld
Synchronized Reserve Assignment&ixs,
> Synchronized eventBREEUTVWRVWEIX, FiRAEUVTERISTER IS ENHRZEZCapped reserve
assignment& 95,

100t EcoMax and/or SyncMax
Synchronized [Reserve Eventhii L\ EE] Synchronized
Reserve Assignment COROANEBRELEL. Reserve& LU CERRICfE
FEH | (MW) SyncReserveD¥liEZh 5% ATZBE
BrEOBEEEHE(Capped (MW)
reserve assignment)
= B =TT Real-time Output
RT-SCEDIC&L % ERES
Dispatch point (MW)
(MW)
% —_
(kWh)
0 RT-SCEDE S EEM5AIY

AT PIM, “PJM Manual28”, BEH:2024%289H, https://www.pim.com/-/media/documents/manuals/m28.ashx &Y =ZHSHHZTFIER
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ReserveDE&EREE A1

e PIMOMZEZIEIEReservefZEICH T IBERHB (“Synchronized Reserve Obligation”)Z#H>TEHY,
Synchronized Reserve ObligationO AT TIFEVWFOEFEEVI7 . BRFAEECHIGRAEDICLHO>OTEHEIND,
> Non-Synchronized ReserveXU'30-minutes ReservetE#ICEEV I 7. . HRAZECHIFRAED ICLO>THEIND,
® |[SEMSynchronized ReserveERNEBREIF. AIHMIBEUTIVIILTEDENTNICHU THRENS
Synchronized Reserve ObligationOAXETTICIHUTIRONIN D,
> RTOEH TV —UDMEBERNERSZIZFEICIE. LSEQBBREIYV—VAHDFEICHUTRALTKRSDEN S,

| ReserveBREBENEE

B

Total Synchronized Reserve Market Clearing Price Credits
= Day-ahc_ead Synchronized Reserve_Markgt Cleari_ng Price Credijcs + Balancing
Reserve &z Synchronized Reserve Market Clearing Price Credits — Synchronized Reserve Shortfall

Reserve® _ Charge

FEEm ?iﬁki%bﬂ%% ]
e (ReserveEBRNHETEE)

= BIHMIB COReserveDFERSEEE + U791 LHIH TDReserveDFEESETEE -Reserve iR

Wo=EBE£E N T 5588 E (Reserve Shortfall Charge)

Synchronized Reserve Obligation Share
= ((Load Ratio Share * Total PJM Real-time Synchronized Reserve assigned) -
Synchronized Reserve MW Purchased +Synchronized Reserve MW Sold) / Total PJM Real-

LSEE&RElanEE time Synchronized Reserve assigned

(BLSEM)Reservef|LE =
Reserve (BLSEDEEVTT X fiReserveifiZ® — ReservelAE + ReservessHIE) + PJM ReservefiEly
GRARE £ (XA DRIER)

Synchronized Reserve Market Clearing Price Charges
= Total Synchronized Reserve Market Clearing Price Credits * Synchronized Reserve

ZHEAPEDtE Obligation Share

(BLSED) ER&EBE
=(ReserveBEANGETHR) X (BLSEMD)ReserveHE

AT PIM, “PJM Manual28”, BEH:2024%289H, https://www.pim.com/-/media/documents/manuals/m28.ashx &Y =ZHSHHZTFIER
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DB CERMD/zZReserve )V —X T T DIRFTIVT 4 %

® Reserve eventd(CReservefEZREEFELN >V —RICHUTIERFTIVTAAREL. HENICERAZXIAOZE
(XD,
> ReservedRINIHD))—ZADRWRTERN>ER. MDY —IADEHEZFHET D TReservellHIHTIEE
ERFIVT A ZEHZIDHELR,

Retroactive Penalty Charge for resources with a shortfall
= Retroactive Penalty MW * RT SRMCP / 12

Retroactive Penalty MWs = Min (Synchronized Reserve Shortfall Charge MW,

Reserve Shortfall Capped Real-time Synchronized Reserve assignment)
Charge =T DRERRED)Y —ZIADMREVENRF IV T 1 #E = MR TILTEHA X RT
SRMCP /12

BRARTIVT 18] = &=/IME (B FlRTRHMEMW, ERAUTILY 1 LR FREIS)

Retroactive Penalty Charge for LSEs without a Synchronized

Reserve shortfall
= Total PJM Retroactive Penalty Charges * -1 * Synch Reserve Obligation

LSEAMReserve Ratio Share*

Shortfall Charge

PARNEER | G HAR0R0 LSEOESOBRNAT LT ki

= AEHERAIRFTILT RS X -1 X AT REBLERY 7%

XHRRT IV T 1 HEERITEEREDEIHEZR

AT PIM, “PJM Manual28”, BEH:2024%289H, https://www.pim.com/-/media/documents/manuals/m28.ashx &Y =ZHSHHZTFIER
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Reserve Lost Opportunity CostDERZIAL) Bojm

® Synchronized Reserve Lost Opportunity CostlZLL TOEERTELETIND,

o FIAHKXRUUZIVIALTHIZICEITDIFAMEEICEI<KReserveIRMNSERICBESNZIRAZEZLS| VW@ EReserve®
LOC&ELTxEZI N3,

* Synchronized (5-min Interval)

Capped RT Day-ahead Real-time
SR SR SR
Assignment * Opportunity + Opportunity
(MW)* Cost ($) Cost ($)

|
I Market SR I
arke
l SDI: 3glahe§d Revenue Opportunity ) |
I i Neutrality Cost credit Balancing I
== Credit ($) Offset ($) owed ($) + SR Clearing
| Credit ($) |
| |
| - |
*See Slide 17 for complete formula B oo omn s oon oon Son Soe Son Sae Sae Dan Dan GEn DEn DEn DEn D B DEn D D D D e G G e
ReservelX A
Reserved2 b BERGUTIVIA LTRSS T R EMEE NERIC
TABRTUPIVIMLTBICH ITINEMBENEZIC HES\IRAE
E'j‘l,\ =2k %;Mzirket Revenue Neutrality Offset [C&k > THEEINA & EROESINA LR

HAT)PIM, “Reserve Price Formation:Implementation”, B&H:2024F289H, https://www2.pjm.com/-/media/committees-groups/committees/mic/2022/20220621-special-
session-reserve/item-01---reserve-price-formation-implementation---education.ashx &) =Z S ZEFTER
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Reserve Lost Opportunity CostDERBE

o BREXEDLOCEEAHILOCKREABICRFBXEDAELEXRZHITDIE TCIRBEICGHEINDS,

o FEFREFDEBLURI. ERDEFICEDIFXRZDEFTDEGH SHENEZN AL VICEITRATI1-IVRZEELSIVEEZE

EICREIND,

 Synchronized (hourly)

SR Total PJM SR
Purchases x
(MW)

Lost Opportunity
Cost Credits ($)

BEREHEDAIELLR LOCH#e%E

SR SR SR

Total SR Purchase Sale Self-

Provided (Bilateral) (Bilateral) sc:‘;“’/:,‘;ed

e’

Total PJM Adjusted Obligation
— ———

HAT)PIM, “Reserve Price Formation:Implementation”, B&H:2024F289H, https://www2.pjm.com/-/media/committees-groups/committees/mic/2022/20220621-special-

session-reserve/item-01---reserve-price-formation-implementation---education.ashx &) =Z S ZEFTER
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Day-ahead ReserveDYRAETE AL

o BIZIX.UUTDOLSExamplelEExample2(CHlFTdDay-ahead TOWAIEFEFNFNONEEEHNEMIEIC K> TUYNA
FTREINSD,

-

Eco Max (MWh) 350 350 350 350
Energy (MWh) 300 325 285 315
LMP ($/MWh) $40.00 $50.00 $40.00 $50.00
SR Max (MWh) 350 350 350 350
SR MW (MWh) | 50 | 25 | 50 | 25
SRMCP ($/MWh) | $15.00 : $25.00 ) $15.00 ) $15.00
SecR MW (MWh) 0 0 i 15 i 10
| |
SecRMCP ($/MWh) $10.00 $9.00 : $10.00 : $9.00
NSR MW (MWh) 0 0 0 0
NSRMCP ($/Mwh) $5.00 $6.00 $5.00 $6.00
50%x15=$750 50%x15+15x10=$1000

HFT) PJM, “Reserve Price Formation:Implementation”, E&H: 2024F2H9H, https://www2.pjm.com/-/media/committees-groups/committees/mic/2022/20220621-special-
session-reserve/item-01---reserve-price-formation-implementation---education.ashx &) =Z S ZEFTER
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Balancing Reserve DY AStE AL Aoim

o fl1ICHIFBBalancing ReserveDRAIZLLTFDLDIICSynchronized ReservestEEI N5,

Real-time SR Credit
= (Min(SR MW, Min(SR MAX, Eco Max)-

Energy)-Day-ahead SR)XSRMCP+12
=(Min(25,Min(350,350)-325)%x25+12

=$52.08

Eco Max (MWh) 350 350
Energy (MWh) 300 325

LMP ($/MWh) $40.00 $50.00

SR Max (MWh) 350 : ““55(_)““1;
SR MW (MWh) 50 : 25 l
SRMCP ($/MWh) $15.00 : $25.00 j
SecR MW (MWh) o 5 -----
SecRMCP ($/MWh) $10.00 $9.00

NSR MW (MWh) 0] 0]
NSRMCP ($/MWh) $5.00 $6.00

HFT) PJM, “Reserve Price Formation:Implementation”, BE&H:20245%2H9H, https://www2.pjm.com/-/media/committees-groups/committees/mic/2022/20220621-special-
session-reserve/item-01---reserve-price-formation-implementation---education.ashx &) =Z S ZEFTER
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Balancing ReserveDYRAETE AL

MRI

e fl2ICkHIF3dBalancing ReserveDPRAIFLULTDLSICSynchronized Reserve&Secondary Reserve TEtET

nso.

Eco Max (MWh) 350 350
Energy (MWh) 285 315
LMP ($/MWh) $40.00 $50.00
SR Max (MWh) 350 350
SR MW (MWh) 50 25
SRMCP ($/MWh) $15.00 $15.00
SecR MW (MWh) 15 10
SecRMCP

NSR MW (MWh) 0 0]
NSRMCP ($/MWh) $5.00 $6.00

Real-time SR Credit

= (Min(SR MW, Min(SR MAX, Eco Max)-
Energy)-Day-ahead SR)XSRMCP+12

=((Min(25,Min(350,350)-315))-50)%x25+12
=((25-50)x25)+12
=$52.08

Real-time SecR Credit

= (Min(RT SecR MW, Min(RT SecR MAX, Eco
Max)-RT Generation-RT SR)-Day-ahead
SecR)XRT SecRMCP+12

(Min(10,Min(350,350)-315-25)-15)%x9+12
=(10-15)x9+12
=$3.75

HFT) PJM, “Reserve Price Formation:Implementation”, BE&H:20245%2H9H, https://www2.pjm.com/-/media/committees-groups/committees/mic/2022/20220621-special-
session-reserve/item-01---reserve-price-formation-implementation---education.ashx &) =Z S ZEFTER
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Synchronized ReserveislZBDHBLLRDEEARE B0

® Synchronized ReserveMEXENDEIELE(SR Obligation Share)[FEFERER—IELT. BEEZHTHOSRTD
TEEFAEBRLTCEEIND,

o BEXEMDSynchronized ReserveDEEEEIPIMIZCHGIFSSynchronized ReserveD&EE (FIHKRUCU7ZILYA
AT ICNTD2REEEDSR Obligation ShareZ# 73 & TEHEIN S,

> PIZIE ERZNZEERBLUTCVWEVWEZFTAOERRLEERNT10%. PIMTOSROGEHEN250MW, SR CreditD&EEEN $1000
DO ERHABEHEE$I00E2D,

« Synchronized (hourly)

- SR Obligation x

Share (MW)

—
e
Load SR SR (S 1 ies
Ratio x Purchase Sale ooty et
Share (Bilateral) (Bilateral) Py e + S Lo
Total PJM SR Provided
— —_——

HEIBEEADERLEENT0%. PIMODSROEEHEN250MW., —FRldH7=WDSR CreditDEETEN$T1,000DEF
BEEAOEBERABAIIUTOLSICHEINDS,

SR Obligation Share=((10%x%x250)-0-0)/250=0.TMW

SR Charge = 0.1x$1,000=%$100

HFT) PJM, “Reserve Price Formation:Implementation”, BE&H:20245%2H9H, https://www2.pjm.com/-/media/committees-groups/committees/mic/2022/20220621-special-
session-reserve/item-01---reserve-price-formation-implementation---education.ashx &) =Z S ZEFTER
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2022&108~12BI281F3Synchronized Reserve DERERWES S0IM

o HIEZLTFHMD2022F10B~12RICHIFBSynchronized ReserveNEREHDOHNEZIZILLTICRITEY THY . BIH
MBEDANITIVIALHGELVENEENZ L,
> AFADHB THELZReserveNES—AHDHIB THEITIMERFBR. EI—ATOHNENRIEINDEDTERLZH,
CDESBRENEFEND BB . BIHBEUTIVIILEDEDITTwo Settlement AR TREINS,

> BU.BANEENGFTEIZXZFDINAT—IUNRINTVLWRW\W EZSH . KT —FZE D> TReserveMBDEAZHE IS EICIFER
73%12‘%?“3550

| siB RGP LTIRICEIFTESynchronized Reserve DEREN N EE

[MWh]
5,000 4,561
4,500
3,500
3,000
2,500
2,000
1,500
1,000
500
0
Day-Ahead Real-Time
MWh Capped MWh
= Combined Cycle o CT - Natural Gas uCT - Oil mCT - Other mSteam - Coal
= Steam - Natural Gas = Steam - Oil mSteam - Other mRICE - Natural Gas mRICE - Oil
= RICE - Other mHydro - Run of River mHydro - Pumped Storage msDSR

HFr)Monitoring Analytics, “2022 State of the Market Report for PJM”, &R :2024F2H9H,
https://www.monitoringanalytics.com/reports/PJM State of the Market/2022/2022-som-pjm-sec10.pdf &Y =ZHEEHFTAER
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MRl

2022&108~12BI281F3Synchronized Reserve DERIERE & {fitg S 0)M

o UIHBICEWVWT.NABRDEZNUTIVIAMLTHIGLIYEHMISE TCE<HNEINTVBIZENS. BIBEUTZILIALICEH
[FT23ZEZ7HMTwo Settlement AXICE>THREIN. KAERDODUT7IVIALTHIZETDREZE (Balancing MCP
Credits)[FBERO>TWVWB . L. JUNAMIURTAOIVOHTKAKAIZReservelCIRBTERN > &I ITBIRTILTA4M

-2,557

Total
Credits

mSteam - Coal
mRICE - Qil

REL,
> BU.EHEERBFZILZLEDINAT—YUNTRINTULRW\ES. AT —9%EE D> TReservemHBDERZHIBI T EICIETEE
RNETH D,
| ZE#&ERDSynchronized Reserve D& @i
[F$]
20,000 17,191
. 14071
15,000
10,000 7,826
0
-5,000
-10,000 -12,903
-15,000
-20,000
Day-Ahead Balancing LOC Shortfall
Credits MCP Credits Credits Charges
1 Combined Cycle mCT - Natural Gas nCT - Qil nCT - Other
= Steam - Natural Gas = Steam - Oil mSteam - Other mRICE - Natural Gas
mRICE - Other mHydro - Run of River mHydro - Pumped Storage mDSR

HFr)Monitoring Analytics, “2022 State of the Market Report for PJM”, &R :2024F2H9H,
https://www.monitoringanalytics.com/reports/PJM State of the Market/2022/2022-som-pjm-sec10.pdf &Y =ZHEEHFTAER
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2022F10H~2023F9RICHITS

Synchronized Reserve® B BIFEIGH E Mg HER A0

e 2022F10~2023F9RICHIFBSynchronized ReserveDHEEICHUHNEMEDMEFIEDHBIILULTDE
) THhDo

o RTHFZICHFTINEMBDANDAMBICH ITHINEMBLIVESVWVERN G S, F/z. Pricing-RunTOffEE &
Dispatch-runTOfiigLWUESEWERNH D,
> 2022F12BIEEREFIGICED>TSynchronized ReserveDffiig 2B LT,
> RTOIEPIMZ2A&ZRLTHY ., MAD(Mid-Atlantic Dominion) [FPJMOERBAIDHFT TV -2 TP TEH D,
> Dispatch-runl&ZSCEDZEREISIIIVI THIfiEZERL. pricing-runlFLMPZEET D91 VI TOlEERT,

I V—2/RTODDAMZRURTHIBICHFSSynchronized Reserve D ARITFIIH EMBHRE
RTO MAD

i
&

e

e

n <

o o

o =

| ol
el
o WESY
w9970

) o
Vgl oiebo R

i3
oS0
o

Qe
N Bl

o5
032 L. I
i
242 5329
s3534% 28 Dec 4.00 $
221 3.78
565
Sit
4 Nov 139
. 104

0 5 10 15 20 25 30 [$/MWh] 0 10 20 30 40 50 60  [$/Mwh]

2022(2022|2022(2023|2023|2023|2023|2023|2023(2023|2023|2023

Synchro RTO RT Pricing-Run m Synchro RTO RT Dispatch-Run Synchro MAD RT Pricing-Run W Synchro MAD RT Dispatch-Run
m Synchro RTO DA Pricing-Run m Synchro RTO DA Dispatch-Run m Synchro MAD DA Pricing-Run B Synchro MAD DA Dispatch-Run
FEIPIMTIE.2022F 108N 5ReservelCAT2HIEEENRINLIEERFAT.2022F10BLIEOBRI#B £ H

HiF)Monitoring Analytics, “PJM State of the Market - 2023”7, F&H:2024%F2H9H, https://www.monitoringanalytics.com/reports/PJM State of the Market/2023/202393-
som-pjm-sec10.pdf &\ =M EHERER
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[Z2%]Day-ahead&Real timelZH[FBReserveDiklL\ &1

e ReserveldgiAH™mH (Day-ahead) &7y 1LME(Real time)IZHEWVWTkWhE DRERREL(Co-opt) RERBIN
TLWABN AIEMH THELE)Y —IANERIRAZEIN. EFHLTIWEUTWVWSERTIEEGL,

e PJMBLUMonitoring AnalyticsIC&d & BIHMZBTHNE (assignment) SNZUY—RIEUPIVIALICH T DILED
BEERELET . EFRAIDRT-SCEDICL > THESINT/ZReal time ReserveNEFTH TCHOREEFTZHEIT D £
Monitoring AnalyticsIC&kDERIBMIGTHRELEVY =X, UPZIVIMLTRRKRICHE T IRFIIFLRVWEIND,
> INEIRBIIFLBRVWEEREHINDIN . UTIVIILICHITDReservelBRDEARAMZFICDOVWTHIRABENME,

[Monitoring analytics: 2023 Quarterly State of the Market Report for PJM: January through September, p.581]
Effective October 1, 2022, each product’ s reserve market has a day-ahead component and a real-time
component. The obligations of a reserve resource depend on its real-time assignment, which in turn
depends on how the resource clears the day-ahead and real-time markets. A resource that cleared one market
is not guaranteed to have cleared the other market, and a resource that cleared both markets need not clear

[ ]the same amount in real time as it did day ahead.

« 2022F10B18B& Y. ReservefiBNOEERmICIFFIHE U7 IVIM1 LD 22X DN 55, ReserveZigIET 1) —Z2D&FHEIE) 7 IV A LE
VY TICHERFL, IS8TV =P Fa1B EU 7 IVIA ADOTGFZNE T D HEICHKIFT D, —ADMGZRIEXREZXU7IVYI L) THRELEEY
V=22 A OTHIFZ() P IVIALEKZIFEIR) THET D EIFIRS RV mADTSENELREY —X L, sIHTSONEEERIEZE 7L
M1 LTHET DUNEIFRL,

[PJM, “Reserve Event Performance Measurement & Penalty Rules”, p.2]
Resources obligated to perform are Generation, Hybrid Resources, Energy Storage Resources, and Economic
Load Response resources that have a Real Time Synchronous Reserve Assignment.
+ Resources with a DA Reserve Assignment but no Real Time Reserve Assignment have no performance

obligation.
[ER]
o UZIVIMLICEIFTESynchronous Reserve Assignmentzg9 3V —X (FE#. KD BENY—X . DRUV—) L ICEIT D&
WagI D,
BIETMEZ CDReserve AssignmentZiF DN, UT7ILI1LICEIFBDReserve AssignmentZf:FZBVWIY —X L, [HE T D&
R =Y AN AN

HAr) PJM, “Reserve Event Performance Measurement & Penalty Rules”, p.2, 2023%10810H
Monitoring analytics, “2023 Quarterly State of the Market Report for PJM: January through September”, p.581 &\ =ZHR A RATIER
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MRI

REIPIMHIKICH T DEAEEIETV/INT 1T DER

o CFTC (BmEYMEBEIZER) I IIXRIVF—DEY. A T3 DY TOEEIICDVWTHOM R EEE
=8B U. FERCIZRIHMIZ. U7 I 1MLTIEFHFDIET)INT4 TEEIICDWTEET D, EH>&E.CFTCE
FERCOEEIIHHMHREDTIERS . MEDEEICDWVWTIIRFEDERN 5D,

o PIMOREMBIEIEMMBERRAINEN. TUNTAITMBELTEPEINT . FERCEEEINS. C

NIE. =223y oxz21F7T.2010FICHEEIN/ZDodd FrankiZCHRfEICEINT=,

- EEIE. CFTCOHMM EREEZ ME NN S RDY FITHARUVER . EATINTA TODEEHETHDIRADTY TEZNE
CNICEEND . —A. EFEFEICKDODTFERCHEBR UIztariffICEDKEE. 2. X (XEE|ICE T S ER (X
FERCICEBRINSZZEHHEINZ(Dodd FrankiiSec.722(f))

e PIMNWNEE T SHIHDA. ERIFEEEDIRS|ITHATZDTUINT 1T THIMN FERCECFTCEDHE
ICLY.FERCAEEL TS,
XFERCETU VY (202452 BENE)

| XKEPIMIUTPICH TR EANE TR EE

ERAFEEETS (FERCICK SEEE)

| |57
() (R 5) sedy- A 3 Y ERE IS (ICES)
X w12 (0TC)
JEFYJINFT 1 JHLBE| F1)IN7T 1 JHLE|
FERCESE CFTChHisse

HAT) Akin Gump Strauss Hauer & Feld LLP, "CFTC Proposal to Open FERC-Regulated Power Markets to Private Lawsuits Could Have Profound Implications for all
Organized Electricity Market Participants®, BIBH2023F10827H, https://www.akingump.com/en/insights/blogs/speaking-energy/cftc-proposal-to-open-ferc-
regulated-power-markets-to-rivate#: :text=The%20D0dd.ISO%200r%20RTO%20trading%20facility
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IBTZ %

LIzEIRELVEZ

MRI

o HNEBRZT—IATI1—IVTANU. WEINEZHFEIL. Internal Bilateral Transaction(IBT)IC
FOTHEBERND2HBEDORBEZHZRL. EENICHEBEADHEMZHICEKRDOF vy 170—ZBEELTDE
MTETD, (FiETIZHDEY)

o — . BANERZS—IATI1—ILTANU. HESNEINOIZERIE.IBTICEYPIMASBHERDIRER
BERALVELZWVAE CEAZRAZEUVLTCBEVWFICZITELLEZEICRY . CNIXITRNDSHENEROBEELEZ

ERBUTCVWDERMID_ENTED,

@ COLORIBTZHMAULEEEINT)INT1 TEEIICEZEITBIONEINEVNDRICDVTIE ERICPIMT
MG ET o CVWBAREFX£BICETZU VI EERUEN. EP IV ITRIZBHEICKE D TEDRHCEIRICHEE
NHON, BEREBEZENEOSNEN DI CORIF.SELEMABENINNETHDIEEZIS5ND,

| HEHNMEIBLCIBTREIOIO—-F+vo1 70— (EYFEEINELRDES)

HNZHICEDE . ZBHWEHEIC

5eYF (Sourcelthsi) PHEMERU-EEE BUL\F (SinkithsR)
jiit e @ A
. e >
Bt ERDRRE | o o — . | .
ALY TR A | ? FUFHNSEVFAOENZITEL !
ZLWEBSIEHNES ' I ! === =
Y . e — ,
ZEUTEVECS DPIMASD | Dot | GPIMAD
N I =@ v . i
‘T/EL/ELJTL‘% I E];Jg : IBT*’Sl'ﬁ ..................................................................... ; IBT*SI'E | glj-l}gb
I (Withdrawal I =3l Sy : (Injection
l Purchase) : 2 Sell)
PJMMDOENE IS
T PUIMIBEHEDEIZZEIC=ZHREMEATIER XL EMNENREUVRVWES R —RERBEUZ. EEOPIMICHTBEE| Tl thmBHEENRE T D AREENSH D RICEBRNNE TH D,
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e RA2FERE(Emergency)ICxtd 2ERETHE
[ J
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MRI

ERC:ZERFREICH T SERATEDRE

NERC(North America Electric Reliability Corporation:dt XKENEHEHERZS) RN TS "EOP-011-1
Emergency Operations’ICE VT RER LORIBRZEZRN IS HIC. BRBERICW T 5:ERETE(Operating
Plan) DEREZHEFMIT. EFERICPVTEEERORENFEINSIBELRVWUERERBNARLEUVLEREREERETS—
(Emergency Alert) ZF#Rw I EMRHENTL S,

o ECICEDE. . PIMYCAISOTIXEmergency operationzZzE@SHHNY_17IVEFERRAHINTLD,
> PJM:Manual 13: Emergency Operations
> CAISO:System Emergencies

IN

ERC:EOP-011-1 Emergency Operations THDEH

E{#(requirements)

R1 | BFXEZEEIL. TORXBICHITDARL -3V EOBRRERE(Emergencies) Z8E 9 27=6IC. Reliability CoordinatorhL
Ea1—U7/o&REHE (Operating Plan) Z1 DL E{ERK - #iF BRI &

R2 | &Balancing Authorityld. Z®Balancing Authority XD B=ZE2FERE(KWAR) BLUENBRERE(KWhATR) =89
2728, Reliability CoordinatorhiL- & 1—U7oERETEI(Operating Plan) 1 DL E/ERK - #EfF - BRT D&

R3 | Reliability Coordinatorld. EREHEB CHRESNIETELE) X 7ICEAUL T, 2EFEEFEBalancing Authorityh Sz SN
=iEFEtE (Operating Plan)ZLE1—d93%C &

R4 | EEEFEEZFIEBalancing Authorityld. R3Z#IZHRE>TReliability CoordinatorH e U= EF81E! ) X 2 (230U,
Reliability Coordinatorh¥sE U7z iEAIC:ERETE (Operating Plan) ZBigH 9252 &

R5 | Balancing AuthorityXigRMDxEEREE F/zIdBalancing Authorityh's., B2FEREEH (Emergency notification) =25
L7zReliability Coordinatorld. {5#%304LLAIC. Reliability CoordinatorXigiADfttdbalancing Authority X EEH
H. RS UTEREDReliability Coordinator| @RI &

R6 | &Reliability Coordinatorld. balancing Authority W BEN/RBEREREXZ (IXEFICERFEREICHM /2155 . BIKICEEEH INT
LBy, BaEE7S—M Emergency Alert) 559 2,

HEAR)NERC, “EOP-011-1 Emergency Operations”, p.1-4
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MRI
BRAEREICWIT B EMAETEI(Emergency Operation) -

o NERCHItKRENEHEREZSR)DREICE DT PIMEEAERE(Emergency conditions) [Cx T 2 EERETE
(Emergency Operation)ZESHENZ17INEERUTHY . BRREEETICHVWTPIMBLUPIMEBINOMHIZSINEIC
WEBAIRSHHEEINTLD,

o KFETIL. BE2ER(Emergency event, Emergency condition) UTZEITONDEBED O S, 0 o8 - R E
DOt (Capacity Emergencies)|[CHIT2RARFERTEICDODVWTHEEZERL,

| Manual 13: Emergency OperationDEHEE
- KR THE->7=Capacity EmergencieslCDWVWT, UBFEDRXZA4 R TREN

Capacity Emergencies - ReserveFE(Reserve Shortage):PIMERICHITDReserveRENTREL. B
\\Sf'\ \ = /AN ol ,__ = ~ ,.n.,o
BHAT 38 - SBIEE DS ReserveZER CIRV\SEEDARL—Y3aVEHRE

- BAGFFRFOFIE(Light Load Procedures) : LIV IR 1—IVERERT I 1—IVERDER/N
RESDEEHEAIC2,500MWDY—Y V& EFBUIZEAICH U PIMOFEEFAENZDIEZE
TEZHBREREOARL—3 2 (Minimum Generation Emergency procedures) ZiRE,

Weather/Environmental |+« BXZOREEZRHETDIHED. BRRITHEZ GENBEEER. BUVUNEBERFEEMICHERAS

Emergencies ZEE Y DG EDFIRIC DOV TIRE,

Sabotage/Terrorism « BAVRATLOEBEMECEREEZFR T SRR SHENRHECAR I MFRINDIES.
Emergencies RTHVSERFIEIC DV THRE,

ABRIBEA DX

Transmission Security - EEH(FEE. EEBE)DFRPORIGSE. EEFRNZEHIET 2/ DEAFIEIC DV THEE,
Emergencies
FEEFHEEON

HAT)PIM,”PJM Manual 13: Emergency Operations Revision: 92 (Effective Date: December 20, 2023)”7,0.10-122, 2023F128208 &Y= ASHTTFER
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MRI

RS DBEE 1

e PIMASHIZESIECHEHGRHEEFICHL. BEFEENREUVEODTVWBREEZHKRIDILTHEANEDOSNTLD BFE. BRERE
DUO>BEEEWVIZIRUTAER (Advisory, Alerts, Warnings, Actions) DEOMNEFEET D MITULEVO>EEELVDIE
WX SIBEICHEBINDIRTRS REMENRDONTEERETEEDERBENRIND,

o RIFRMEBEHICIHU. BREBEXAICHTEI7I0V3VDEFEMAYZaT7IVEICEHOSNTLD,

| 22 (Emergency Operation) DES (X RMIEIBRASEDEEICHLTERS)

53

~ L Advisory |+ ZRERICEHIIEHZSHDHICEFTHROTHFILILICHEEIN S RRERINICHEITZER/EITD
1881 %0 WEIFIRLN,

« IRIRIE. BEZEAF(Cold Weather Advisories) & HAREIEZ1(Minimum Generation
Advisories) [COAFEETIND,

Alerts - HEEZITDZETOIRTLIBHEICPIMDO TR AT —9 R Z:BH L. B IGCDERIER DR %
IR S5Z23=HICRERDTBLU LRICEEIND,
- SFRIm(Alerts) DHFEMEIF. BESICE2ERTN (Emergency Operation) DINEMMNGH D EERTE
DTIE7ZRLN,
~XFHRHE | Warnings | - REEROGEEMECEENE. PADBRERE VO IZRRBRENELVEOD> TSI EZRAMTBHIC. X
=5 = (real time) FzEZNLEIICEEINS,

- BREREMNHRIAFTNSHERRE RTINS,

RTEE | Actions | © ZRENIDERET S CEBHY B0 KR (real time) [CREIN. PIMEHEZER(T 518
FREFR A EICLDEEFRISEEKRT Do

K —BRHERX P THY . BRER(Emergency Event) DEEFEICEL>TEILLT D, THERBERFREICLIH>OTRAEANTBLTVDEEIEWarning,
ActionhSEITINDIHEETEH D,
HFr) PIJM,”PIM Manual 13: Emergency Operations Revision: 92 (Effective Date: December 20, 2023)”, p.19-20, 2023F12820H

PJM, “PJM’ s Emergency Procedures and Messages”, B&EH:2024F281H, https://www.pjm.com/-/media/about-pjm/newsroom/fact-sheets/pjms-emergency-procedures-and-
messages.ashx &Y =ZEH ST ER
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MRI
Capacity Shortage : {t§50O>:8FFDXF I (1/2) 21

o EEBRICHTBIHAVENTRINDBA. RBH1BALEICPIMIBERR (Alerts) 2HBL. BRICHL CRSER (4
VSV PRAREAE N TORBICHT L EBEFS>Z L. DRUV—RICHULTRABOBEERICHT -2 HET>
EEHT B,

| tisooBIcB 13 3EER

iR

~52FELL | Unit Startup Notification Alert | - FRINIEBERABTEDTE. TEMDRIRE. FZIXFBRICH T HHINIZER
1835 1w MBS EER [CEZ T, 48BELIAICN )Y — A ZEEHERTI DL D ICEMIRREBICT D LDIC
X IN—IZBE

Maximum Generation . BREREWICAMVEICRY, BRICHUTIIREFENTOREZE. DRICTHULT
Emergency / Load Management FZEENE(TIFDR)ZEHET 2 ENEBRIICTFEINDZRISEN
Alert
REARFE N/ BZRREENETER
Primary Reserve Alert « Primary Reserve v EE2%Z FOI2ZENFRINDIGZEICOER TR
Primary Reservei&=i#R (Operating Reserve) TEDZRNMNH D& Z@%]
Voltage Reduction Alert s RO >BADXSDT=6 ., BEE T (HIEEEREE) MNE(CRD e Z BRI
EEET (HEEERAR) =R

HAT)PJM,”PJM Manual 13: Emergency Operations Revision: 92 (Effective Date: December 20, 2023)”, p.19-45, 2023F128B20H &Y= EMHZTAAER
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Capacity Shortage: &30 -8

BEFDX IR (2/2)

MRI

A

o EFMHDRAR2EMAINSER(Warnings) ~EREXIT(Action) NERIND . IERVBRMEREXNR - FEEBXIRZEE

BU. ENTERHE VBRI NEZERTERVESIEHIGE

FRECAFEMZERET D,

s

Step 1 EEHR309. | Pre-Emergency Load Management « Demand ResponseOJ S LICDRYATELTEHINTS
604, Reduction Action U ISBIETIC309~1200 D) —R YA LN ER T MNIER
1204380 TUEERFEEEBDIER TN, PIMA S @ENZZIT=DRISEBIEKRZEEIT

Step 2 Emergency Load Management Reduction - RAL
Action BERFEZERDIER

Spte 3 EER Primary Reserve Warning « Synchronized ReservehEBEZm/zUTCL\DM, Primary
Primary ReservefENELR ReservehBEEHmIETVWRWIEEZNIA—EULT. HHS

HIZReserve R B EZH

Step 4 A Maximum Generation Emergency Action - ROEVRFERAERDY—XETRETETELHELER G

ERERARELNDIET NEFERTIRVES. Economic MaxtEh%BA2T. REHR
ﬁ%%ﬂjjj(Emergency Maximum MW) TOREEIET

Step 4 B Emergency Voluntary Energy Only Demand | - E3ED/RS52%9')—Demand Response 7OJ S AICEIILT
Response Reduction Action LWBDRICH U, BAaROEEKEEZEE
BN T Y —FEEBDER

Step 5 Voltage Reduction Warning & Reduction of |+ Synchronized Reserve REBEDFEREZN)H—&ULT. &
Non-Critical Plant Load EET (HHAEERE) ZZHRU. 25 U MNIHUTREFR DA
R EEAREERDER/ FESAMARBEEDHIBIE ™ P\]ﬁ-ﬁ%ﬁu/ﬂz’é%

Step 6 Curtailment of Non-Essential Building Load | - ZE¥ICHIFTEFRETRNENTERIREER
Lg‘%%'h%lj-%TgTIU\o) %ﬁ%gﬁuiﬁmggﬁ

Step 7 Deploy All Resources Action s ETCHERICHUTCESLICEEER - REZ. 2 TOEE)/—X|C
2 TCHER -DRADEIEH R - BEXRDIE T MU CEERBZTIET

Step 8 Manual Load Dump Warning S=EREERER | - PIMICLSEREEMOUEMEITELTWSZEEEE

Step 9 Voltage Reduction Action ieEEREDERE | - HHEEEFAEZEN

Step 10 Manual Load Dump Action BfpERTDERE - BrnER =X

HAT)PIM, "PJM Manual 13: Emergency Operations Revision: 92 (Effective Date: December 20, 2023)”, p.19-45, 2023F128208 &Y =ZREMZRT{ER
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Light Load Procedures: t#5:5E D%t &1

o HWBRE(THFRATB)INTFERINSGEG. EFR2AULNSIERTHSMA ICHBREICETIAM - IRBREHART 5.

o HIGRFINDEAUNSF oREE. R/IWRELNBRIREBEREREE(LNMFDOFH)ZAKL. EAMFEEMFIEETZEMNT
Do FTDEPIMEIL2IY—-RCHWUTHAIMHEZIRRLU. UV —RARDOBREIHETEEEZ(Emergency minimum
Generation) CIGU T, EMFAIENLEHIE DI ND,

o EFf LFVCPPIMIBROBEEIV77OHHBMEFTENRIAENDI BRI PIMANEREERNLZIETRT D,
| HARBICH T3 EEM- B8R - W

R4
~52=48 | Minimum Generation Advisory | « EEHRO2BL LRI EFRICEVWTTFEINSREL TN RRIATLL
188 RIEFEEL IR DERIELENN5+2,500MWELTIZHDG5EICHIAREIRMNZ R L
Minimum Generation Alert o EFERDOT1HBIC. EERICEVWTTFRINSIREL NHERRELANS
RIEREL IR +2,500MWLLRICH2HBEI1C. PIMIFALL-CALLZAVWTRIEREL TEE
ReRHLU. R/INREE-FETFAE-Y—JVE(TITRE) Z@4
~ZFF=L | Minimum Generation - R/NEELNDOTRFER S IR (TR RS A R UHIHRHE) ZPJMA

Emergency Declaration
B/I\EELNBRSEREES

SHIHSINE @A

Minimum Generation Event
=/\FEELDIET

« HRRBICHIG CERVWGE BREFHIHIIF (Emergency Minimum

Generation) ") ERIGHIZERE

« DY-RERIZERRITE T £V RIS U THAIMNHEIRTREIC U 7= HIHIE DN LA

BEoTNS

High System Voltage
BE_EFEXR

- BELENFEINDZS. Transmission owner&EPJMMNEELU TEE L

FIIXHNT B,

Local Minimum Generation
Event
BN REFREL NDIER

« BFFZU7ICHEVWTHIGREIDREE T 2155 BREFHHIIFIZ Eht,

%PJM ALL-CALLIZ.PIMAO S2MIGSMEAND—ABREREVATLATHY . BEEAR - BREEFRICOVWTHRAINDS,
HATPJIM,”PJM Manual 13: Emergency Operations Revision: 92 (Effective Date: December 20, 2023)”, p.46-54, 2023F12820H

PJM, “PJM Communications”, p.3-4, 2018F1088H &YW =M SHZRATER
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4. EHERDNT T IV, Hi5E

o MIBHE - HELS T IR DX IS
o
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MRI

71 LAERODREEENES S TIVEDXIE(1/2) 1

o UPIVIAMLICHITZDHBMIEEFEICIL. Locational Pricing Calculator(LPC)&EMENDY I 7HAAVLSNS,
RT-SCEDICE > TEHEINIZEERESNDIVYDOKWhEReserveDRBILHAEDHEREA Y TYRT—9EL. K59 D
D74 L& (RT-LMP) 5 U'ICReserve Marginal Clearing PricehR&ELXH N3,

o FORMBBEELLRBRAEUVTCUTORERNETON. EEDRAZBEVTHEMBOBREENERIND,

FR

TF—HIANEE « PIMXYED—ORER., £ZIIPIMX U N—E DB CEERENFET DHRIC. RETIEEENH D,
Data Input Failures Bl WA T7—7—9. FHV\T 1 R/ FDEIT. HVEMST—4  EIR AT —EXTOCRDESE
o EME(LMP. MCP) DBETE TER I 37zDICHEREFIEZERET D,

JOJSLEE - JOJSLEERFEELLES. BEDRRZHFAL. BEDREEZ(T/250IVDHEME(LMP, MCP)

Program Failures ZHiERE IS,

« LT —YDEEICKBUERE. NV ITPYTIRTLAPIMT 1 RNy Fr—DOT  RINZDT LX) —F—
FAIIN—DBZEDT—HV—RE FIRRGERRAET—5Z=FIAT D,

- BEEEBECEIRVES. BEOEELZ(T/50TVICHETE59IVDT—Y AT HZ59IYD
HEME (LMP. MCP) = B:st& 9 %,

OJ#eEREE « FEEMOIY-ZADT—YOTKEDEENRET D& MEEEICHEESZDAREUNH D, BENRE
Logging Errors UIzBRIE UTOLSICHEAEINDS,

D LPCAF—/NILAAONKBICH T 2O EE - BEtEIIFE

@ LPCAA—INIVRAIR LU LEICHIFT RO SEEEH Y)Y —XT7—9ZEEL. NEMEZEREE

@ /O T —YDAN EEEMHC )Y —RT—9ZEEL. WEMBZBEE

F—HAHEY « PIMMEnergy Management System(EMS) (251 v —9I 35—, PIMICHITDFHIHNERE—
Data Input Errors BUBWEIWET I S5—, RT-SCEDOERURVWESREICKY . NEMBREENEEICRTUTESES

[FERERD RN S D IGEEIET,

@ Distribution factor®loss sensitivity factorfFMEMST—4 DI R : YUZ5AIVDOREEDSHIYD
T—RHICETBRZ oN NEMBZ=HEERE

@ #HETI T DIZ— FIHNET I EBLEL CTHEMEZBETE

@ RO TCRT-SCEDAWEZRINBZA REHUWERRT-SCEDDOFEREZFEALU THEMBEZEERETE

@ Regulation WYz 7 3 )—t—EXCEHET ST —INEWT—9ThoIiEa:HEEZIT5573
N DORNEMEZ=HETE

HAr) PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)", p.72-74, 2023%F12814H
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U7 IV LEBDREEENESS T IVRDITR(2/2) #1

® RT-SCED7 TV —Y3arvDEENRELLBE. HEUSIEPIMT A RNy F v —HEBINIZRT-SCEDZRVWTRFER
EIIDCENHERR<LE>LEHZE. COMBEIXOFF SCED(RT-SCEDDELL) &35,

e OFF SCEDHIRIN 2FRELADNIGZ G, OFF SCEDRIICEARINZ&EHMOBEMNRSCEDZAVWTHEMSINEEIND . 2K
FZelBA358. RBERRAZERBRISLIICGHEINDIGZEGNH D,

HAr) PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”, p.74, 2023F12814H
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EHHISE COBEICAVWST—Y70—

o ENTHIBTHORE -BEICIKXUPIIILEAEZFEAL. PIMOMIESIMENSIRETNIHET —FYICL>TREIND,
o ERIZ.ONEFRLFIFEEBOREENET —FY%ZPower Meterz:@U TPIMISER T 2, 1HREEZIRETSIHE. 590
VEICHBZES TSN, £LIEPIM State EstimatoriCL>TREIND,

® LSEUNE)XRLIFEDC(EESEFERA)IX.FET —FYVEDCIUPEEANT —¥%ZInScheduleY—ILZ&U TPIMIZEANT
2. RBRAIDHET —YZBFEATHEL. LSEQUPIVIMLFEEELTEIVHTS,

| U751 LTBICE T2 REICAVSHEBENDT—9T70—
é/ RT Generation and RT Load reporting data flow

Customer Submissions PJM eSuite Energy Market Settlements

Revenue Quality

: ' Generator Owner’s
Generation MWh PowerMeter Settlements based on RT MWh

reporting via PowerMeter

EDC Boundary

heMun EDC'’s Territory

Load MWh

Sum of InSchd for given EDC may
LSE controlled not exceed PowerMeter Load
Metered Load

MWh
Load Serving Entity's

EDC determined InSchedule ‘ Settlement based on RT
and or Metered | MWh report via InSchedule

Load MWh

HAT)PJM, "Energy Market Settlements Education”, p.3, 20155
PJM, "PJM Manual 28: Operating Agreement Accounting Revision: 95 (Effective Date: December 14, 2023)", p.14-17, p.24-28 &Y= EHZTFRIER
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BHETOEZ(1/2): KBRS SUREROKE

MRl

o RESDEEAE
> BIN—IURHDEY . KBV —XADHREEILL\>/zAState EstimatoriCE > TRREIND N RERBE(L

[Operating Agreement Accounting(PJM Manual28)1dSection TAICERFHDAERICETLWTREINDS,

o BEEROKIE

> Electric Distribution Company(EDC:RREEX£E)NDS55. Power MetersNUTRENBEDBEREOEAHD

O—/X=9—7T—9ZBRR™(THRESR)LTVWSERKIL" fully metered EDC”&EMIEN., ZDEHAIT —F EPIMAFE

ZHEMICIBETSIERICALVLSNTL S,
> PIMIZERRICEWVWT, fully metered EDCHMEEICHDDESICLHAIUVLTHREEZRAELTL D,

| Fully metered EDCICL 2 EEEDHESE

EDCITU7ARDZRFEE:80MWh
B =40MWh(Gen)+30MWh(Gen)+
T | 20MWh(In)-10MWh(Out)

7 Gen \
30 |

I Mwh / ¢

HAT)PJM, "Energy Market Settlements Education”,p.5, 20155
PJM, "PJM Manual 28: Operating Agreement Accounting Revision: 95 (Effective Date: December 14, 2023)", p.14-17, p.24-28 &Y= EHZTFRIER

BE
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MRI

BETOER(2/2): 2BEORSREE i

o PIMICHITEMBZEEIDHKREI2ERETERIND,

> 1BREBDBETIR. ERMO3BRICLSECUNR) DNERHEEERET 5, CORF. ERHM3ARETICPIMICIRETINRE
E7 -9 (LSENBE CEHEULREL . EDCABREIDITUTALSEDFTE)ZAVTHET D,

> 2BEBOBERE (Reconciliation) TIX.EDCHREUVZHRET Y EXEBRDOREEICEMN HOEBE. PIMICHULT
2NALUAICEDT —9ZBREV. EDICDVWTLSEICTHERRZRRT D,

o FHEQFHET —IYDORE-BEICEH2AULEZET SO . GI2REDKREICOTONTVDS LEDBERNS. PIMTREBEIC
AVLWSNBEHBENMEESNSCEZRRIC. 1 REBDRBEL2HNBROBBEDIIIVINERIICHARAEINTL D,

| mEmsIOBETOER
é/ Intro to Settlement A and Settlement B

« “Initial billing” = “Settlement A" : billing to LSEs calculated 3 days after the operating day
— Members report to PJM via InSchedule RT Load MWh values by LSE
— Submission deadline at 4pm two business days after operating day
+ For example Tuesday due by 4pm EPT on Thursday
— LSEs with their own metering directly submit their own RT Load MWh
— EDCs report majority of retail and auction related LSE RT Load MWh
— Because final meter data can take more than 2 days to collect, in some cases
Settlement A reporting is based on customer class load profiling
« “Load reconciliation” = “Settlement B” : true-up billing to LSEs two monthly bills later

— EDCs report to PJM via InSchedule the delta between the RT Load MWh that were
originally reported and what they determined the actual load really was

— Submission deadline at midnight two months later, for example January Reconciliation
values due by midnight between March 315t and April1st to be included on March Invoice.

HAT)PJM, "Energy Market Settlements Education”, p.7, 20155
PJM, "PJM Manual 28: Operating Agreement Accounting Revision: 95 (Effective Date: December 14, 2023)", p.14-17, p.24-28 &Y= EHZTFRIER
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[ZZ]PIMORBEITOLRADEE Bjim

e PIMORETITOLADHEE(BIlling Process Overview) [ZUTD&EY .
o RFTOLEREFEDIReconciliationIZoMN. gIR—IICHIFTSISettlement BIICHY T IEENOND,

| xxootz—%
« Day-ahead and Balancing Spot Market Energy (charges)
« Synchronized Reserve (charges/credits)
* Non-Synchronized Reserve (charges/credits)
+ Secondary Reserve (charges/credits)
» Regulation (charges/credits)
« Transmission Congestion (day-ahead and balancing charges/credits)
« Transmission Losses (day-ahead and balancing charges/credits)
+ Day-ahead and Balancing Operating Reserve (charges/credits)
« Synchronous Condensing (charges/credits)
+ Reactive Services (charges/credits)
« Emergency Energy (charges/credits)
» Meter Correction (charges)
» Inadvertent Interchange (charges)
* RPM-related (charges/credits)
« Financial Transmission Rights Auction (charges/credits)
« Auction Revenue Rights (credits)
» Reconciliation for Spot Market Energy (charges)
* Reconciliation for Transmission Congestion (charges/credits)
« Reconciliation for Transmission Losses (charges/credits)
» Reconciliation for Regulation (charges)
» Reconciliation for Synchronized Reserve (charges)
» Reconciliation for Non-Synchronized Reserve (charges)
» Reconciliation for Secondary Reserve (charges)
» Reconciliation for Inadvertent Interchange (charges)

HATPJIM, "PJM Manual 28: Operating Agreement Accounting Revision: 95 (Effective Date: December 14, 2023)”, p.141-142, 2023F128148 &Y =ZHRSMEFIVER
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BRFHIZOEY FFICET DHEE

EEIE

MRI

o THIAKHHNEYHECHTZRILICONT, BERE. BERERET .

@ X/ . E4M, EFT7EICHEVNT. ABXDAERBRERZHRS L,

e FEERs A
#5208 RS 2023F9H 208 BAE 1R | AHS-2 KE PUMIBITSmE
. i =55t (BIRD AKLITE, UpliftdER
;EBIEI *ﬁ: i 2023&10%235%1& ?&L\:;_FF)':DL\T
Al BREY= 2023FVIR2ZTERE | grm ppara | wp3-20k@ PIMICHIT BAEK
#5E RS 202351282 7E0E BXE | BRI DU\ T - 4B A
H6E RIR 202442 A 5ERM COBRADCES

1 EE4A-1KE-PIMICHI 5 T2
70 3 202453518 A K
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(BRDOAILTGZE. UpliftOERIKRWLEF)ICDWT

i ey A 2023F11RH27H

JLA

MRI

IXRIVF—-FRTFEUT1BRZFER




MRI

HR

1.EBRDANTGE £
2. HEBAIT7—ICXT SMlERE S8R E 12
3.UpliftDHERIK LY 19

FARERE SR FEIRI T —FRBESRIENRICEAITIFAEFETE(ARTIGICATIHFMRAFICRIFESFTERE) IORERBIC
EDWVWTER - —8R 0T,
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PIMDEITHIZEEICH 1T D AFLD{LHEA

MRI

o PIMDETMIZEEIICZMT DERIE. ABA T 7 —ZREITIVEND D FICEEMH THELLZEIRIL.
HIHMSE CREA T 7 —Z2REITDIVAMA T 7 —FRHEHRIND,
> MEEFCEBCIRVEG RETCERVEDEBA )7 —ZiRHE IS ENHE(FMIEP.52R) .

¢ RESNLEREAT7—ICEDT  NELNB(BRDEMFLL - ZHED) B EIND,

o REAI7—ICIF. EREEZESEESES I IR TI1—-)LE PIMOEERSELEHIMICERDS T—ILAT
J1—ID2RDHFET D FEIF2RFDALAEICOVWT HERRE CHRET D,

AL (FBA T 7—IRiE) HIRRRAR

T=IVRTIa1—-):

BEMETHEUVLEEIREE.
METMBADVYANT T 7—HRBEEITS

T=IVRTI1—-)LTD

WRELBICKOT, EREBFIL - HABRSMNRE

BEHHT REA DI
BT
EiR LIV IRTI21—ILTD

HREAT7—RE

T—=IWRTI21—=)LTD

HELER -
ikl

REHET REAT7—RE
IERIRE

TIVIRTI1—IVTD

REAT7—REH

BEMETHELTVLRVES,
MGEEMEeR LT SRICAEA D 7—2RE

HFr) Monitoring Analytics, "PJM State of the Market - 2023”, p. 296, 2023F1088H

T=IRTI1—IVER

(¥97%E - E=E))

]

LIV TRTI1—IVEIR

(#97%E - E=E)

\ 4

(FERIRE - 151E)

T—=IVRT I 1—IVER

(F97%E - #£Eh)

CIVIRTI 21—
RESFEEOSHNEREBZRE

TIVIRTI1—IVER

:
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MRI

BIREE) - L AT ICEANSHAEAT 7—IRH 1

e PIMDEBE. LIV ITRTI1—IVERIEBHZHENDT . REA T 7—ZRETIERIE. EFRELEDHE(UC).
EEFFOLENEDDLTRE(Z). Three-partslFHR(AAM—RAAT7—FLIETSAAR—=IFT7—%
ML 1 2UBRICTED)  BE/INSA—YEDRARIERZEH TS, PIMIRESNEREA D7 —ICE
DVWTHENEBEZRET D,

o EREF(UC)EHRNERICETBIRAT—IRXEUVLT. U TOIEEMNZEITSND,
> Commitment availability status:EREEDAEE S %
> Dispatch availability status:Economic DispatchICREVWANSELETTZHAEDEMW)

DX === &k
IREAT7— D55, BREH(UC) L NRSICEDZEHZIER
SixIEH
EiIREE LTD4DDEEHN ST DBIRUTERFT S
Commitment @ %EE%‘?'J\E ‘5%ﬁﬁxﬁ@]éﬁiiﬁ%%ﬁ(t}1172’7:/1—)[/) :Must run&E UTEER
availability status @ Economic DispatchlC#31B3&8 (0 —IVL AT 1—)V) :EconomicE U TEE

Q BN LIRSS Unavailable& U TEE%
@ Emergency Dispatch®[CDAHFIFAIRELIG T :Emergency& U TEE

H:'fjjﬁaﬁ Egjit'jj] Economic Max.:Economic DispatchlCfEWVWVEHRSEETE SHRADENEDEZ S
Dispatch i pay]

availability 2\t H

- - . . . —_—) ~ N~ N =
status oy Economic Min.:Economic DispatchlCfeWWRNSELETE S/ \DHIENMEE S %
=]
KIVRTLBRABRBEHFT I 3HICYZa7IV - BFNBAXNANNEERDIER, MG NTRTLEIHENRE . MBTR. RFHNRARL—VIUNKHONDIEETRR -
ANBNEZ . PIMEBATOEEERICL>TPIMOF7TOYIvNRRDENDEHREEZEmergency condition&EMBEU, COBEIEZPIMIZLDEmergency operation
BIThHns,
HAT) PJM, “Open Access Transmission Tarif - OATT Definitions”, p.1, 2010%F9817H. PJM, “Operating agreement, Sec 1.10 - Scheduling”, 2011E7814H

PJM, “Market Database Dictionary”, p.10-12, 2015F4H81H. Monitoring Analytics, “PJM State of the Market - 2023”, p. 143, 2023F1088H
PJM, “PJM Manual 13: Emergency Operations”, p.10, 2023FE8H24H &Y= EHEATER
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MRI
BREDANAF(CIVIRTI 1= T—=IVARTT1—IV) &1

@ CIVIRTI1—IERIFT—IWVRTI1—=ILOWVWITNEZBIRTIGEETE. REA T 7—DIRENKHEN D,
EREFOAFEELZINIRTI1—IVEUVTERRZEIETDIN., T—ILRTIa1— )L TR B HIFE DT
R&ENZEFRIBD_ET.PIMIEEEBEBZXAHULTLSD,

® Economic Min.2Economic Max.OEDEAIE. PIMOEconomic DispatchlZHED Z &N EERR
H A (Dispatchable Range)ZXRU. IV IRTI1—IVERMNENICEANDSTEFET D,

| A#L5%

CIVIORTI1—)b JT—=IVRTTa21—=)
Commitment availability status% Commitment availability status%
SENT] 2% !
RIRERZ S5 Must run &4 Economic t&45%
@Economic Economic Max.: Economic DispatchiZ Economic Max.: Economic DispatchiZ
DispatchICfitD | O CENTT B IHR KDL IEDE O CENTTBDHEADENEDE
CENAEERH A | Economic Min.:Economic DispatchlZfie | Economic Min.:Economic DispatchIZHi¢
Y X SCENTED/NDENEDE SCENTED/NDENEDE
MW MW
0 Economic Max. 0 Economic Max.
PJM®MEconomic Dispatchab[e PJM®MEconomic Dispatchab[e
DispatchlCfiES> & Range DispatchICfitS> & Range
PR ETRE R T ARTRER 1%
R Economic Min. SCUCI-& > CiZE] Economic Min.
— Z1EZHIRTL . FoEs
S Nl HIFARINIBE
PHEET o5 CHEIoAE

HFAT) PJM, “Operating agreement, Sec 1.10 - Scheduling”, 2011E7814H
Monitoring Analytics, “PJM State of the Market - 2023”, p. 143, 305, 20235 10A8H &Y =L EWEAR{ER
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LAk EZEELTESALLAZZE(TOYI0O—

MRI

TA42T) B

® PJMIC&LBEconomic Dispatchlcfi€d & agEREAE(Dispatchable Range) Z#F7RL\15

| = RN

&. Economic Min."&"Economic Max."ZR—{ETCTEZKIDI_ET. HNEEDsZEZ—EEICEEILT D

ENERD . CDEOSREFAEEJOVvIO0—FT 127 (Block Loading) &EFEUS,
EEEEOAE(ZINITZRTI1—Ib or T—IVRATI1—IV) &R T BRERRETH D,

L A5
AEFFCEID : AT ATEE 7 = .
Fre Commitment availability status CEED A T—9 X% &R

QHREEZ T Economic Min. Economic Max.%RE—{E t&$%

MW
A

BIREERFC, SRUE
EEDENHHEET D

® Economic Max. = Economic Min.

Hf) PJM, “Operating agreement, Sec 1.10 - Scheduling”, 2011E7814H
Monitoring Analytics, “PJM State of the Market - 2023”, p. 143, 305, 20235 10A8H &Y =L EWEAR{ER
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BETS CERCNEREL I 7 —IC a5 MR

BATI1—-IVDLLE B0

® 2021 FICHITBPIMDEIATMGZICERINLEREA T 7—DO5, EICRFAHRE. KARBICSVW T
JRTI1=IVEUVTANZEITOTVSBELRNFL,

I PUM-FiEHBICERINAEREA T 7—DHE(20215F)

Must Run Econamic Min. Dispatchable (B MWD

94 %

1?;;:%& 6% 29% 64% KEHFE m 86%
0%

0% 1%

0% 0%
= s
""?JE%%' 19% 19% 61% Okl 18% 40% 38%
PAARE P o [ EEEEOFES B HERS & ORGEE ]
(Z0fh) 4% 20% 76% o

Economic Max.
RFHRE 339 [£11% Dispatchable Dispatchable

Economic Min.

(=]
(%]
[ =]
=5

XHFERLADEZE100%0 58T 2EEEH 2N, HRICE SV TERLTLS, PLIZASUG1-LBR T—ILATI1—-ILBE
HFfF) Monitoring Analytics, "PJM State of the Market - 20217, p.137, 2022F38 108 &Y =SHARERRER
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REZEICHDDIERATI1—IVDLLE Aojm

® 202TFICHITD . PIMOEEEICHHDIBZRTI1—IVDLEREILITDEY,

TRI

IPIM-ZHEBICEHEDI LI ITRTIVI-IEBEDLE(20215F)

| BIIRT T2 I F—WRTT1— |
Must Run - . . .
- Elock Loaded - (Economic Min. ) Dispatchable Block Loaded -Ecunumlc Min. Dispatchable

=h] 1% [RR2 21% 20%
PS4 9% KRS 23% 20%
M5 | |
v

MBTONBBRTA 71—
(REEFILE - ENHRS)DNELTSIHREEDNES

BIETEH :55% (DispatchablellfRET5&31%)
P91 L:56% (Dispatchablell[BET5E29%)

[EFEESAEE EDEC S S OHERER]
VW MW
Tt Economic Economic [ —— Economic Economic
Max. Max. Max. Max.
Il Dispatchable Il
Economic [IaACCEEE chi:t"lﬂmlc Economic BELSSANELER Eﬁ:t’mm'c
Mimn. : : Min.
(Economic Min Economic Min.
PIIZTO1—-ILBE F— 2T — BB

t5F) Monitoring Analytics, "PJM State of the Market - 20217, p. 137, 2022F3 8108 &Y =ZHEMFTAER
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[SZ ] KREICH TS EIRBK

MRl

® PIMTIIBIXRILREINTIONED B RANRA - AR - RFANKFEZLHHTND,

| kEICH T3S
MISO
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16%

1 |

1%

FENK(EBEADTMWEEDEIR. 2023F9RHK =)

CAISO PJM NY-ISO

8%

8%

6% /'I'I_j. T4 A

4%
3% 0% 2
0% 0% ° 0% 0%

HFTEIA, “Preliminary Monthly Electric Generator Inventory (based on Form EIA-860M as a supplement to Form EIA-860)”", BgEH2023F11878H,
https://www.eia.gov/electricity/data/eia860M/ &\ =ZMEHFATER XI5 T7REDERFR L BMRENAR—DREBEHSLTRRLTLD,

” g BV -2(EK-EE
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[(ZZ MBS TV IR TI 21—V TANLUEZERD MR!

P4 LTHIETCANISHRELZET IEA A

® PIMTIX . BIHMIBTIYV—RZCINIRTI1—-IVELTERLUTWRIBE. FIHTSEONEBBROLANS
RIE14:15FXTOUT7IVIALHGEOD AABBEFR BB EET IV AT7I1—I)L(Economic) ANEET D
EFTITRUN,

e TD®.FIHZ22:00LIBHASEERG6SDFIETCEINIRTI1—IVERDRTI1—IVEAENARETH D,

I A/~ A6 ECOHBIILSIY

B ETSDOAFLERBIE T . IR THOEWVWAFLETEY AFLIZPIMICIRESNARIFNIEE SR,
. PJM(atH OOR¥fICDay-ahead market clearing software DETZRAL. FIBTHZD1RFEIC EDWER T 1— IV ETGHE Z R E,
aiE11:00 + Fixed demand. price sensitive demand bid. demand reduction bid. Day-ahead Scheduling Reserve D BiZREE%iH/-
I REHEHEILEAEZREL, IRIVF—EUF—TDHRIZAMNIBIMEEI NS (—EDFHIREZITS),
« ZOEEMSIEEHE DL PIMOASRDOFEXTENE | XY 12— )L 0RIHTZRADHER )Y —XDFTALEESEND,

#013:30%C |° BIH13:30&F TIC. PJMIEMarkets Gateway System|Z. BIHTIEDBREIND A 7Y 1— )L EHGHEDHNERRZEE/E I D, PIMIE. C
’ NSDOFERZEY D O—RAEERT71)b, Markets Gateway System. £7=IXERADBE) VI EN U THAATREICT D,

« PIMBU7ZIVZ A LTSEDO AFLEARI Z /A9 S (rebid period).
BIETISERAR |- P, TS NEXTANLEBEVUTIRETSZENTES,

~aiA14:15 |- =720 B SmENLRAHRE TUY—XZ2 IV IR TI1—)ILLTW5E . BAFEBHRICIZY DI T—Y X ZE“Economic”[CEE T D
CEIELTERLY,

« UZIVIA LTSDOAFLEARINHE T o
« PJMI, Reliability Assessment and Commitment (RAC) Run({SFEREESTE - iR S IEEHEIERTT) SMEENDE2 DHEM SIS

SHEIDREZIT Do
AIH14:15 « SOUY—=R2WEXUMIIE BFENZRALL SNV —XOF AR (availability) 15 EfSNIEPIMBEETAIGREFE
TARENZEND,

« COREHEENSIEEHBEDOE SIXEFEE (reliability) ThY BB CREENSIESHBEIDMR E SN FHEEEDEEI I X M(start-up cost) &
RIEHEATI AR (nho-load cost) E&/IVRICHIZ D EZBRELTLD

AIH14:15~ |« PIMIE EHINPIMEZETFAERHOVY —AFIARTGERRRICEDE R E(ICINU GEMDEBHEESEILHBEZEREI SN TED,
SERH « PIMIEZ HEICIGU T FEDHEEBFRB AN U TEBIICEHR SNIERERTI1—-IVEEET D,

- BIE18:30LIEMDReliability Assessment and Commitment (RAC) Run ({SEE MMl - &S LEEHEIZETT) 58 T 2 H S BERRHED
AIEH18:30~ 657RIETIC, BIETNIFEAFRNPIMICIRES NS ATREEN H B,

FERG659R |- sIH22:00L . IV IR TI 21—V —=RIERTI 1=V ERBETICENTED 22U BRAFFICIIPIMA IV IR T 12—V —R %
2T 2—=IVU. T4 RINYTF I DHEF CRED HEN B D,

{rr) PIM,” PJM Manual 117, B&H2023F9H30H, https://pim.com/-/media/documents/manuals/m11.ashx
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MRI

PIMICEFTSAREBAT7—DHEEBE &1

o ERNMIGXRENETEID_CEEMTZHIC. OFBRICHUTEEEBA T 7 —EFKIC—EDHEREZEXRDD
EREFIC, QPIMIEMGXENZTEITDARENDHEIHEEA T 7—Z2HIEL. WELERICAWS A T 7 — 15
ZEIRTDMEHEADEERITENTND,

o RETIE.BENAEEA T 7 —BHEFICKHONDIRRBEE MEXENTEZHLTZHICPIMAERITTVNSE
AT DOVWTITHRET D,

| PIM 207

EIRIC BREAT7F-ERETEIETHOEREIC. IR -RDAT7 —ERERH T
kRHSNDEE KITSAAR=ATHOANERERIIHE. TSM1AR-—IATOAIT7—ELRHOEND

BREREAT7 —EHECIE. AT7—KAICIGU THEEERE EFRENERIND

B HSEXENEITEITSARENGIHEEAT T 7 -2 0L, mEXENITREZRAIC

PIMIZHITD
A A FBAEEE U C . HELRBICAWVWSA T 7 KA (TSAAR—-AX[FTRINR—X)

ZPJMHLER

XARETEHPIMOENMBICH IT2MBXENITEEM<EHEAZROICEHBEATIN. 5IIREUTFERC(Federal Energy Regulatory Commission)
DEFBECHRAINZEEEILTIAIAR—R(Price-based OfferXsFMEE:R) TOALNESDEND, TITAMAR—XADANLERERFZRVWEEEL.,
JXRR—X(Cost-based OfferXxsflEEd) TALLRIFNIERS L,

HAT) PIM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,0.30-37, 2023F5H31H
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)", p.43-44,

Monitoring Analytics, “Welcome to Monitoring Analytics” (https://www.monitoringanalytics.com/home/index.shtml), FEE&EH:2023%F11H10H

PJM, “Day-ahead and Real-time market offers effect on Market Clearing Engine”, p.2-9,, 2023F3H30H

BRIRIF—F PR26FEFEERIIMHEREESE GENEDOEATIHZEORE - BEROFMICRE T 2EMEHEE), p.16-33.20145F128
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BRICRD SN ME: MR
HEAT7— 0B BMEIEEE/NS X— I DEFERE(1/2) 1

@ PIMOEREA I 7—IILUTDIBEBICRAIN. AT7—RXDICEL>TThree-partsigilEIBE/INTA =YD
BERIC—EDHRENREONDI(BRODHEEIEP. 15DFKRESH)

8L/ D A—FHIHTE
OARM—=RAT7— TIARR=RAT7—

1BER/ DX —IHIFIEL
TIAAR—RAT7—

Cost-based Offer Price-based PLS Offer
XSFSEE

0 REAT7—ZRETILERIE. RIEIDULODIRAMM—=IAT7—DERENKHSND, PIMTZ27IVIC
EOWTCEESNLEIAMM-ZADEHE. RIBELNE. BORPEICHL. TENETNY—I210%Z ELEREL
TERITDICENRHOND(LTZL. BOMRBEIZ2,000$/ MWhHR ERR),

REA I 7—ICEHRITDIERDEG/NTAX—YIE. PIMEEFEEINZEN, TNIVEFHRREEZELFT D
& (Parameter Limited ScheduleXF&BRB) A&RFEMITFOSNTLD,

@ JSAMAR—RATOANEREREIDIERDES. IR —XAT7—2REIDULRELELET. T3531R
R=2AAT7—ZRETDICENREDHOND . Z1EL. BEMHB TONEBEICL>TIRENKDHESND
A7 —RXDHhERD.
> BEMBE CHREUVEBENTSAAR—ADANNZRETSHE S (Capacity Resource) EER/NSA—

T ETSAAR=XAT7—(PLS Offer) =g iIRET DI EMNKHEN S,

PLS OfferziRHUEBE . BTG/ STX—FFHINEBEL TSI AR—XFT7—(Non-PLS Offer) N2 Al
BEE D,

> AETMSE THELTVWERWEIRE(Energy Resource) (fFBD T SAAR—RAT7—RXo%ERETDIE
MNE[BETH B,

X3 PLS:Parameter Limited Schedule D&, EE& /NS X—4% (Operating parameter) DEFEFIC—EDEHFRENREINDS,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.30-37, 2023F5H831H
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)", p.43-44, 2023F8A1H &Y= EHTTAMER
PJM, “Day-ahead and Real-time market offers effect on Market Clearing Engine”, p.2-9,, 2023%3H830H
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ERICRD SN EHE:
REAT7—ICH 1T BMRIRE SBE/CS X — Y DEHRE(2/2)

MRI

BEMH(PIM) Three-partsiEiROMERRE
e N SEE/SSA—ID
wELrmr | PELILEY —_— mEinm | EOMEE R
ﬁgsgjrcclg (Energy S (o leenl) (mcremoefr]l‘é?l) energy (PLS or Non-PLS)
resource)
A3t7'$2,000/MWh%E
B2 RVEET, v —JY
JzkAa—z | BEIDLULED | RETIOULED | PIM~YZa7)b | PIM YZa7)b ﬁ‘ozc,/o‘%é%t.m 00 /MWh FRIGRINIES
FI57— ZAT77—REN ZI77—REN ICEDOWTEE | ICEDVWTEE | prssphsinsa s | NTXA—F XELY
&5 =55 SNZIZNS | SNEIRBT | gasge RERRINTA—Y%
(Costbased | (122477~ | (BK124T77— | V-IUV10%%E | V—IU10%% . | BEIRZICNER
Offer) $2H7T) $2H7T) EEREETAE G ($ Azgofg\%ffgegg N3 (PLS)
== RN
E720))
B/ NS A—Y RAI$1,000/MWh% . N
HEE | 5o —20 FRRICERE AT AR %Fﬂfﬁ"‘gn?ﬁ%
FSAAN—2 | ALERERED | A ALt
ZI77— 58, A7 1R ARRA—ZXIE | DARR—ZX[F f’}i‘fgfc‘b;ﬂ““—xwfﬁg‘ BB AER
(Price-based | HP'HHS TSAAR—RD | TIIARAD | TFAAN—R0) %ﬁ%%y gg\?\/,t/l_wzafié INB(PLS)
PLS Offer) AMLBEEED | WITDEER | WINDTER | L <5 000/MVhOS -
T — A CE5n | FRE FIRE S5NNTV\FE ERET B,
HgmL | AN A ;gg;ﬁ!ﬁﬁf KTTAAR=R | HTFAAR—2 §$;324°$1“§Y7"Tﬁ%%
=g | MUBERERS, RS DEE HECTE | DBACEECTE | oot s gad 2y
TTAAN=Z | 15PLS offer EEAThE TR ROZANEIRT SUED | gmympmspreeTa
*IP— R LTS REARE RERIRE Bofh e pmAmRS | TR
_ 2 TWB, BAlERETmIg | (100
(Price-based | Ha, 407~ &, £BR$1,000/MWhIZ
on- =
Offer) AJRe FIRRIND,

%PLS:Parameter Limited Schedule D&, E& /NS X—%(Operating parameter) DEFFIC—EDEHFRENREINDS,

2R PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.30-37, 2023F5H831H
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)", p.43-44, 2023F8A1H &Y= EHITAMER
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TBEEE AT REDAREEN 557 )7 —BHRINT 5 MRI

BENTHIE CTOPIMDIEE FY

o I— NIV CERNATGXENEZTEITDAREENGDEES. PIMTIIEROERO >EODEEE RS
A7 —1REEBEOHESXEATEITREEOEEICL >T. NELEBICAVWSAT7—RKo= 4T D,

® Three Pivotal Supplier Test(TPS Test)ZAWT. G| OVEAM CHIBXENITETEEDEES
M9 2. I-ESNEA T 77— Ko DOHFINSHELEBICAWVWSRZENTRERA T 7—Z BRI S FHIBEENED
SN, ZOFNSEREEVAT7F—ZHRALTHENIEEZERT D,

| BRIV ERRRETEXRAZREZ . WELEICHAVWS AT 7 —EH 0 HE %2R
LITFTDA T 7—XOHRHASREEWVNA DT 7—Z21EHA
Three-Pivotal Supplier TestICLDEIE

TS <EC & TEATRE MISEC N ZITE CTET R

AARR—RA T P—
= EIOP Ll EEL /D A —YHIFIEL T SA AR—A AT 7—
BEL/ N DX —YFHTFTE TSAAR—RAAT7—

ARXN—=RAT7—
B/ NS X —FHFFIEBU T SAAR—RF T 7—

AR —RAA T 7—

SEBL/ VS X — ISR S5 AR— AT 7— IR/ VO X —YHIEL T SA ARN—XA T 7—

XFEHRO>8BK (Emergency Conditions) X PIMA (1) BRAREBRERESZXETUEK. (2)BRAXEERRAT7SI M EE7S - BE7S-—FEESUEE.
B)BRBAEARECULE—HBEETT(2)DRE7S—rEeFHRHUTRER TV 1-IILeHT5EZE T,

HAT) PJM, "Background Information: Parameter-Limited Schedule (January 23, 2020)”

PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",0.48, 2023F5H831H

PJM Interconnection, L.L.C., “AMENDED AND RESTATED OPERATING AGREEMENT OF PJM INTERCONNECTION, L.L.C(Effective Date: July 14, 2011) "
PJM, “PJM Manual 15: Cost Development Guidelines Revision: 44 (Effective Date: August 1, 2023)”, p.14, 2023F8H1H &Y= AMITFAIER
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[SZ LEBEH/IN XA —ISHREFIC—EDHREZKRDH SHE A1

o 2000FRICEHEINEZPIMADIEXS=(Reserve Market Working Group)D® T, PIMOE AT
GEERTIE="EAMHERERE (Monitoring Analytics) iS5, EBENFEEDIKLVEE /NS KX —F
(inflexible parameters) ZREA T 7 —ICEHRITDETC. MEXRAZITEITDICEEZRTZITIRR
NEFonk,

® 2008F12A. LEEDBRICH T DD BE/INSA—YERHRKEA T 7—ICEEITIRIC. —EDEHFHE
(PLS:Parameter Limited Schedule)Zk&HdZEMREINT,

12008 FICiRE S NZPLSSRIE ()
« Excerpt from the original PLS filing in 2008 (ER08-1569)

In order to address these concerms, PJM is proposing that certain pre-
determined limits (“parameter limited schedules™ that are based on the physical
parameters of the units should be applied when cenrtain system conditions exist and a
unit has the potential to exhibit market power. These conditions could exist when (i) the
unit owner fails the three pivotal supplier test, and (i) PJM declares a Maximum
Generation Emergency, issues an alert that a Maximum Generation Emergency may be
declared (“Maximum Generation Emergency Alert"), or schedules units based on the
anticipation of a Maximum Generation Emergency or Maximum Generation Emergency
Alent for part or all of an Operating Day. The factors to be considered in determining
the parameter limited schedules are Tum Down Ratio, Minimum Down Time, Minimum

HAT PIM, “Background Information: Parameter-Limited Schedules”, p.4-5, 2020F1823H
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[SZNREAT7—FKICEHZRT DETZ/INSAX—F 1

0 B /N\SAXA—VEFBFIC—EDHBEZITIIANM =R ATr—FEIEE /NS X —YHIMN SMHBER—IF
J7—(PLS Offer) iR 93155, TacOEHZEBICHWUTCERHEREINTICEE/NTX—FEN . BICEKEK
RBEL/INTA—YZFRHRID_ENKHOEND,

=/IVEIERERE ¢ Minimum Downtime

B/ VBRI © Minimum Run time

R ABMEREEEZ - Maximum Daily Starts

EABERIEEIEIZ : Maximum Weekly Starts

BRAFERRE - Maximum Run time

FEEER] : Start-Up Time

BEEEEFEER - Notification Time

Economic Min.&ZEconomic Max.®Ltt : Turn Down Ratio

HA) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.30-37, 2023F5H31H& Y =M EMEATER
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PIMICHITBdHIEZEAZILWLWELUTOUPLiIftICDWLT Y

o Upliftld. RESEROERERREENELEPIMOT R/ FIESICHV. REE - ESEEEBES
)V =L BB ANSEBONDIRATIHESEFOLOPNRNARET IIGECERSERANREETD
BERICCHZI)Y—RCHUTENERZHEITIMSEANZILDBRADZILNTH D,

o PIMDIBEA. ERICHEINBDUplIfFtEARAXZOEBXRLICIHU T.PIMBEROEBETEHAIBT I,
MBS CONERREUPLIILEDBTRBBERE T EAELECHARBARDSNS,

e MISO/RTOICHVNTE. PIMERKRIZISO/RTOD T 14 RNy FHRICHSEESBE S PRINENEAR X
Upliftic&>THEINS,

lUpliftORXEZDZIVO— IR ER D

YT Tk X—=2iRk—=IbXIL + B=iEkEH
Uplift Make-Whole Payments Lost Opportunity Cost

MIZFMIEICLDUNATIE, ZBBEEFD PIMDIERICE D THEME T ZLERT
BGRNAEET DI EEDHIEER NESEIC. ERICRILONSESER
[ Uplift®4s N
[ P % g. ] e E=E HLUBET Z2FIENRUE REMMIGTCANT—5
: Congestion Demand & Load Forecast Emerger&\c/;ﬁ&ocedure GeneratoBh;If;ket Offer
U711 LDEE, S oA
BEUTHH B SN — BLIATEL VER paMEs OB RS
Real-time Load & Reserve QOutages Reactive Voltage Support Gene?’atig(;\ Isle;aewatts Interchange

Megawatts

HFf) PJM, “Drivers of Uplift”, B&H:2023%F11810H, https://www.pim.com/markets-and-operations/energy/drivers-of-uplift.aspx; PJM, “LMP Calculation and Uplift, January 2018”, B&H:2023F11810
B, https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-Imp-calculation-and-uplift.ashxz=E&(C =ZHAFHFTFER
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Make Whole Payment&ld A1

o PIMICE>TEF - H NP ZEZ (TR T—IVATI1—I)VE RN, mBME (RIETIBME X XU TIVYA LA
HiHZMiE) CHONBPRATEIREBEZFDORIENIAREET D58, TOERAEZHIEITITHAFTH D,

® Make-Whole PaymentsldT7—ILRTI1—IEBRDANDNZITIDHENZEBL. LIV T ZATI1—IVEIRIC
EZILHhNRu,

MZANLFICHELRIER

Make-Whole Payments

o @R A BRAN
IS (LMP*) TR ilidiisalo B RIS
IE
S— T N
DRENE QIR E QREHLNE LMPT FRRER 7
($/28) ($/MW) ($/B5R9) %JFHLW’L% )
&3 BR 57
i 4%
AN E{fﬁ
(o] Ex 18
. Y
SELEHTOD
—> i
B SR BF 2F SR BF BF SR TR B8R B LR|8R zhs
A B C D E F A B C D E F

XLocational Marginal Pricing (LMP) Dig. b RBIRFERE LWV RBEDR/ —R(FRBEMRA) ICSVWTTIX VT -—ERITEEERMMBI I EEOR 1 ZRBRULE
minMiEEE Y.

HAT) PIM, “LMP Calculation and Uplift”, BE&R:2023F9814H, https://www.pjm.com/-/media/committees-groups/task-forces/epfstf/20180129/20180129-item-07b-Imp-calculation-and-uplift.as
hx , OCCTO, “Hi&#E(SCUC) OV vy EMEEE (LMP)OYw2IZDW\WT”, FEBH2023F9A14H, https://www.meti.go.jp/shingikai/energy environment/oroshi jukyu kento/pdf/003 06 00.pdf , Monitoring An
alytics Report , “PJM State of the Market-2022", https://www.monitoringanalytics.com/reports/PJM State of the Market/2022.shtml

PJM, “Operating Reserve Overview”, p.2-3, 2020F1182H

PJM, “Locational Marginal Pricing Components”, B&H:2023%11H20H, https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/locational-mar
ginal-pricing-components.ashx?la=en &Y Z=ZHMEHFARAER
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Lost Opportunity Cost& I

MRI

® PIMDTARNYFICIOTHEABET - FLERINZERICREVRSERZHIEISLTHEATDH D,

> BIZIXBIETIBE TR I 21— T ENTULEE

BIREMN. UTIVIILICHITDLEITHEA(Regulation) i

RIDEHICPIMARGIEHTISEDRTI 21— SHETIF TNV RAFBDIERICK>IIGEY. PIMOU

AN
=N

_H=EMRZLost Opportunity Cost&UTE

(% EEE LA ICLost Opportunity CosthRETDIT—IANH

FIVIALT A RINYFICKSEZHICRIABTEDOR I 12— E= (deviation) RRE LS
7 IVIAMLTRELUTCLWNIEEONTZIRAICH T IMEERANREET D,

/ﬁ(;?ﬁi—:bf \/\50

HdN. HEEREF)
I Lost Opportunity CostDif=E
HAETICHSBEER(LOC)
RT LMP
$50/Mwh Total Lost Opportunity Offer ‘z BFLWHA — EEOLEAH Lﬁﬁﬂqﬂ)@ — %ﬁiﬁéjﬁ‘%ﬂjﬁ?ﬁff&%@
$40/ MWh / LOC Deviation MW
$30/MWh AL snverco- I, [ e e
Timg LLVIP L fOr Settlements LMP Opportunity

$20/MWh Desired (MW) (MW) (szMl ggst Offer

LOC Deviation
$10/MWh

100 MW 200 MW 300 MW
EEOES EEJURTPY

HFf) PJM, “Lost Opportunity Cost Credit Overview”, FIZH2023F9829H, https://www.pjm.com/-/media/committees-groups/committees/mic/2020/20200708/20200708-

item-06a-lost-opportunity-cost-overview.ashx
PJM, PJM Regulation Lost Opportunity Cost Overview, p.2-5, 2022F9H20H LU=

AR —ERNE - E1E
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UpliftOREE

A

ETDOE

o UpliftOREZRIILUTDEY THY . PIMTEZERDHBEZLUTDLSIC

BELTWD,

UpliftEEER BZE
il REREMNTIS YK U, Fq RS F I BB R 52 B E I LR
Congestion
wmE BT READZELEFICKY, EEENTACEUKER DS SEOT7Y U INRET SR
Demand &Load Forecast (PJ Tliﬁﬁg?’/ﬁl]tiﬁﬁ%%%n%n“ﬁﬁ)
Z21RVE

Emergency Procedure Events

RRDEREZEIRRT S72HIC PIMICL 2R RBREFOERICLUFRESE

HERHISETANT—F

Generator Market Offer Data

FEEBMDER /T A—5 (RIGESHE. BEHDEF O E) [CLU 7Yy TITNHEE
(PIMTIL REFFRAEC L DHIHMIZDTE AN DFZFREICAR)

PJMig4 & DENRLE PJMENNE SN RREDENEE IDNEENRFR/N SV RICHEES A BRICL>T7YTUTH
Interchange DFE
PNSALRE Tl TP LICBH BRI —RE FRNDBM &5 T =D OIRIC LY RE
Real-Time Load & Reserve Megawatts
sx{mfF.LE EEHDVIEIFHEERED E+E9+1?Jtlu.$") ERRMEHET DI BIMDFEENNEE LD ETHE
Outages (XPIJMTIIHEZRRFD NJ%E&%[//\)D—CIKQ< EHNUIIRRETOREFEIET 55 AF)

BmAEETIR—b

Reactive Voltage Support

EBRADELSH D WVERBREEIC LV EEDREENFEEL. TDFIED=0 I ENEHADFHERH
=1xEd D& reactive servicesBlENHMNY . 7y U T DIEKRICEN D RTEEN

TIVIRTI1—IVEIR

Self-Scheduled Generation
Megawatts

TILIRT I 2—IVERNPIMDUTPIVIA LT 4 Iy FOTSESICRHEESZ D EICIURE

HAT) PJM, “Drivers of Uplift”, BE&H2023F9814H, https://www.pjm.com/markets-and-operations/energy/drivers-of-uplift.aspx
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MRI

UplifteRITIRSEFIZH I SERODEIE &1

o UpliftzX(THSHEFNIE. T4 RINYFDRBEEBIREEDRFECIGU TUTOLIICEBEIND,
> T=IVRTI1—IVERIET A RNV FDOREICEANS T, UplifteZITIS#EMZET D,

> LIV IZRTI1—IVERIEPIMICL DT 14 R/INyFalgER & (Dispatchable) [T U TH M.
Lost Opportunity CostzZ T2 EMEF T D,

lUplift=S T3 EHOEE

5 55N N —w =u ~ el PJM@T’(Z/\\J}* TIK-'T;ED =
T A4 RINYTF DL (BRMAIZY Iy X N ERTE) (PIMA 1w RIS WX N EERE)

(HAEEE)
Make-Whole- Lost Opportunity Make-Whole- Lost Opportunity

Payments Cost Payments Cost

Block Loaded - » 5 =

Economic Min.ZEconomic Max. 70N 70\
ZRE—(ETERUIEHGE

Economic Minimum
Economic DispatchlZfHReLVRASE ﬁ!}\ ﬁ!}\ ﬁ ﬁ
ECE2R/NDEIEDEDIZE

Dispatchable
Economic Min.&Economic Max. ﬁ\}\ ﬁ ﬁ ﬁ

DOEDENETT 1 RNV FENE

HiFfr) Monitoring Analytics, “2022 State of the Market Report for PIM”, EEH2023%F10A13H, https://www.monitoringanalytics.com/reports/PJM State of the Market/2
022/2022-som-pjm-secd.pdfZ=E&IC =R SR ERITER
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UpliftER DR 31

o UpliftBEREXFEICLI>TEHIBIN AFEFHELZEI00~200B8H I (TRIL=150HBRFETHKI50~30
OfEM) DELFETHBZLTWSD,

e PIMMiEFEXE (Total PIM Billing) [CE® S UpliftlEZ L, 2000FE10%E<fFFTWLWEMN, R4
[SRDERICHY 201 5FLUREIXT % U T THRBLTWVS,

UpliftERD#ER &
PIMICH T BH#EFEREEICHHBUpliftERADEZE(2001-20225F)
$1,000 10%
$900 9%
R
3800 8%
D A
I $700 % I
I3 A
@ $600 6% CFQ
ﬁ( $500 5% [
L NO
N $400 4% B
= |
D $300 3% L2
N £
$200 2% =
g;é
$100 1% >
$0 0%

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
PYFTIINERISE o= KEAICHHDITVITUTNERDLER

¥Monitoring Analytics®annual reportiCEBEBINTWLWBUpliftEBICEFHNAOSND 0. mFDannual reportZ&IC/ERK,
HAT) Monitoring Analytics, "PJM State of the Market - 20227, p. 285, 2023F 389 &Y = EHEA{ER
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' S|

Uplift&B S EBMWERDRIERE B

® Day-Ahead Operating Reserve.Balancing Operating Reserve. EME N —E X, [@HIZEH
H—EX,. TSV IRY—b—EZDOEBRICUplifteLTHEL. TS NEBICFODERAIEZRH TS,

FHIEEAD

(2022%) IR EOBIRAE

[(BARI]

[ENE B D%R

‘ﬁ%ﬁﬁﬁ‘

) EEEOS L ERETS0IC. sIEHEERIC « Day-Ahead Operating N
Day-Ahead | S0 Moo 5 WU BED> 5. Reserve ka2 S
Operating SETEENSESNBINANREERE T 58.8 | - Load Response AIETISDORTOFECKT)DITT
Reserve ey v Chay = + Unallocated (SISU THESmEN SHUX
= 2 18 P - (FEXD)
EREOEVERZITIRHIC. UPILIA L . Raliahili S TOEEBD TP
Balancing | THCPIMOIAIES GATER 92— Reliability N i T I
Operating NESDHNZESE) IR SZERICHWT, BIH 2291
AR, U1 LSRR, 75— ' - (RESESE)
Reserve e S S T « Deviation BHSSMEORBRTSRDR T
PHASERE FEEESICHEINSER + Load Response J1-I)VBERFREDRBIDRRESE
= SRR IS THIBSMEN SHUR(%2)
1A
'U'—ZJ;?E?FH . + Reactive Services (R 259)
_ _ EYWENT—ERISHUTHESNDSER 1.5 | Ccharge BB —VICHFBERFBDIIT
(Reactive Services [CINC THESmEN SHUX
Credit)
N _ (—BBTEERD)
7.;_1?;;%'\ TSYOIRI— —ERITHUTHEBEINDS 0.5 | * Black Start Service MWEED BEDEEFEHAECIHL
_ &H . Charge C. Network ®U'Point to Point
(Black Start Services) DEEEBRH SHUY
S—— EREOEVERZTOHIC. BUEAN NN
IRIAARItRES —EZAXI&synchronous reserve A%t 0.0 | * Synchronous ;ﬁéﬁgﬁoﬁﬁlﬂ‘mfcﬁgﬁbu%
(Synchronous | (YE(R CRIEIAE:EE: 21T > BIRICX L CTH *¥ | Condensing N < >
Condensing) AN BB SR

X1:@EMIB THESINZdemand bid. Decrement bid(Virtual bidD—&). PIMEAANDHBENEEND,
X2 HHTB THNEINAEREE-FTEE. Virtual bid(Increment offer, Decrement bid)ICHITD. U7ILIILEDREBEE (Deviation) TR ERD,

HFf) Monitoring Analytics, “2022 State of the Market Report for PIM”, BIEH2023%F10813H,
PJM, PJM manual 28: Operating Agreement Accounting, p.12-13, 20235982 1HEEIC =R EMZAR{ER
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[&ZF]UpliftEHSEEM(Operating Reserve rate) &1

® 2022FICHIFTBUpliftERICX T 2GS NEANDERSHEEM(FE/RFES) IXLLTDEY,

e BIHMIZEDRTI1—IVICHTDIPIVIMLDREE - EFEEDRBE (deviation) TN T XLV TH
%dBalancing Operating Reserve for DeviationsICEBIN3EMEARESL,
> Balancing Operating ReservelZIERTOIU7£KICHREBI NS Efi& ., it (CEE SN D &M

NEFEETD.HZIIPIMDEastittisMEEMDNIHESE. RTO Reliability&East ReliabilityD&E{ZES
BU.EZEEE(MWh)ICRUDZCETERABEENTEINS,

={= =1 E%s) Y98 (20225F)

Day-Ahead Operating Reserve | Day-Ahead 0.062 $/MWh
Day-Ahead with Unallocated Congestion 0.062 $/MWh

Balancing Operating Reserve | RTO Reliability 0.090 $/MWh
7 (R East Reliability (Regional) 0.025 $/Mwh
West Reliability (Regional) 0.002 $/MWh

Balancing Operating Reserve | RTO Deviation 0.269 $/MWh
oL DEUEIRE East Deviation (Regional) 0.133 $/MWh
West Deviation (Regional) 0.009 $/MWh

Lost Opportunity Cost 0.131 $/MWh

Canceled Resources 0.000 $/MWh

Dispatch Differential Lost Opportunity Cost 0.005 $/MWh

HF) Monitoring Analytics, "PJM State of the Market - 20227, p. 278, 289, 2023F 3898 &Y =ML AMEAR{ER
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UpliftiiEgaE SRl L3R 1

® Day-ahead Operating Reserveld. EBREZEITIRREDRVANEEZHROICHESINTLD,
D7 IVIALICHITDEBEEOBBICTNTS=HIC. PIMIZEconomic TIFRWERZIETIE CREIIET
MNERETHY . BEBFORYRBNAREULEICUpliftEUTHESINDS ., (TRAZRA) S

o MIEY—E > (Combustion Turbine) X . U7 II1LTEE - ZILIERMNAIGETH D, TDIzsH. PIMD
TARINYFRRICEDTUTZIVIALTEBULER. BIBMHEDRBEZ (XU 7 IVY A LAMEICHE SN, [BIUX
RNEBEANRETDAREEND D, XLFIHMB TAT I 1—IVENEERNPIMDUTZ VYA LT 1 RIVYF
O THEAET - FILEUEHGAIC. AT 1—IbBYREBLTCUOWNERITRRECEN TERSBERANEE T
. TNS5NEMIEBalancing Operating Reserve&EUTHIEINS, (FREZEA)

UpliftAEEEEENLE(202245F)

Day-ahead
Operating Balancing Operating Reserve
Reserve

Dispatch Black Start |Synchronous

Services Condensing

Reactive

Local Differential |Services

Balancing Canceled

T e e Constraints [Opportunity|Lost

Control Opportunity

Cost

3;’9‘;{/%% 10.3% 12.4% 0.0% 0.0% 9.3% 29.1%

BRES —E B 1.5% 75.2%) 0.0% 38.5% 83.5% 36.2% 33.7% 65.5% 0.0%
F4—OIRE 0.0% 0.9% 0.0% 3.2% 3.4% 0.4% 2.2% 0.0% 0.0%
KHEE 0.0% 0.0% 0.0% 0.0% 0.0% 24.0% 0.0% 0.0% 0.0%
BFHEE 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
AELHE 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 0.0% 0.0% 0.0%
SHRE(GR) 48.0% 3.0% 0.0% 0.0% 1.6% 7.4% 32.1% 0.0% 0.0%
SHRE(ZDH) 40.2%)| 8.5% 0.0% 0.0% 0.6% 1.2% 32.0% 0.0% 0.0%
BAHES 0.0% 0.0% 0.0% 58.3% 1.3% 1.6% 0.0% 0.0% 0.0%
&t (EHRI) 58.8 181.6 0.0 3.2 39.8 4.5 1.5 0.5 0.0

HFfr) Monitoring Analytics, "PJM State of the Market - 2022”7, p. 278, p.280-281, 2023F3 89k Y =M ATHEAR{ER
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Day-Ahead Make Whole CreditDst&E AiEE EE B &

o EHMNEVERZTOREHIC. PIMARIHMGZICEWTHESEZT—IVATI1—-I)VEROHRTEHE
ZORYRNAREELURZSS. Day-Ahead Make Whole Credit&E UTRINENERANEHIEINDS,
> ERUCFDERBRMUZINIAALAICEWTIBESN RN Z IBESNIZINVETTRETETRVIGEIE
CreditzZz = [T ERITE,
® Day-Ahead Make Whole CreditlZELFOFHERICEDOVWTC. THOIKEX24V)BATHEINS,
> THICB T3 EHEEZSTUREEERANS. 1HICHIFZRHTIBIRAZZEZLSIK. CORBR. EEROZI5
BIEFHEZFORURNHAEELTHY ., HZENDay-Ahead Make Whole Credit&EUTHIETIN

2. 00VWLEBELYIGEIE.BIHMSBNRAICE > TEESEZFDODERIIEEA THDIHhDay-Ahead
Make Whole CreditlEZzhnguy,

> FEEDEEZ#Day-Ahead Make Whole Credit&EUTIHEICIEEZET D,
I Day-Ahead Make Whole CreditDst&E A%

Make Whole Credit = Cost minus (floored at zero)

1BMIY S E DRI TEA T 7 —[CED<IZN DA
(BEBESLURELNBESD)

Value | 1B EDFETIE TORANAS

ERIRA

HAT) PJM, “Operating Reserve Make Whole Credit Education”, E&H2023F9829H, https://www.pim.com/-/media/committees-groups/committees/mic/2022/20220413/item-11a---operating-
reserve-make-whole-credits-education.ashxc.

PJM, “Operating Reserves Education”, FEH2023F9829H, https://www.pjm.com/-/media/committees-groups/task-forces/gofstf/20150722/20150722-item-03-operating-reserves-education-
presentation.ashx

PJM, PJM Manual 28: Operating Agreement Accounting, p.38-39 , 202159R1H
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Balancing Make Whole CreditDstEAZEEEHAMI(1/2)

MRI

A

o UPIIMLICHITZEREDSVERZ

,— ~

172

I PIMIEUTZIVIALT A RINYFZBUTEREBICH

BN EITD. CORF BIEMEB TR II—IINTUVWRNREERNT 1 RNV FICH-TZIHBED. siATHIS
DATI1—IVEBATTARANYFZERITRCEICLDEHMGEDREBEZXV 7 IVIMLMBTHREIND,
PIMDOUTIVIALT A RINYFICH T2 ET TV ALME TOHIBNATIEIREBBELZDODRYBNHAH
U%E. Balancing Make Whole Credit&EUTZDERMRBHIEIND,

® Balancing Make Whole CreditldE I XU MRIICHEBEEEZTD,
> TIOXURMIECTHDOSSERIHMIB CIAIVRX U MUEERB., 2 WIEREFEER (Minimum

Runtime) D&Y KREVWRREIDOE, ZOHBEN TOESEZORYRNERAN TR ERD,

> TIOXIR21F. EITXMO&EREZBZTPIMOUZIVIA LT A RINYFICRDIZCEICHEIRYRNE

AN RER D,

I Balancing Make Whole Credit®dtd XV RS

= DAY AHEAD AWARD

Bl REALTIMEDISPATCH | *+BIXUK2
(beyond DA award)
A
$100 -$125 LMP
S75 offer

_______________________________

5-Minute LMP for
each interval during 2
hours

»
>

% ‘
v 8 11 13 TIME

(hour ending)

EHDLDIC
EIRNDZE
L7izB8a

D7 IVF1 LICH W TORREIEEL. D 5482 (18
MIBECRTI1—IVEN, 2BEDIEU 7 IVIA LT 14 R
INYFICHRED T

TIOXM I BIHFIE TR Y 13— VSN 4RED IS
%o

TIOXIR21E UTIVIA LT 1 RIVYFITRED Tz 285
PHEH,
TIOAXIMETTAVR2DENFNICE VW TESES
DERYRNEERZETEL,. T XV EICRYIRNER
HBalancing Make Whole CreditEUTHIEINS,
(XZEETIESegment 2(CHWT, U7ILIA LIEED
Z 77 —li&ZE TE> TSz RURNERNFRE)

HAT) PJM, “Operating Reserve Make Whole Credit Education”, E&H2023F11H21H, https://www.pjm.com/-/media/committees-groups/committees/mic/2022/20220413/item-11a---operating-

reserve-make-whole-credits-education.ashxc
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7 IVIMLICHITS
Balancing Make Whole CreditDstEAZEEEEGI(2/2) &A1
® Balancing Make Whole Creditld. B XV MAICERUEEUPIVIALTOREER(12FSUEES

HERZSC)NS. UT7IIALTHIGIRA -BIATIGZIA -Reserve PENEAPRAFOGETZELEIKZE
CT.REERAORYRNOBERZHEIR I 2. 5T BBRNBEROEGEIFRVRNIEERELTLRWL S, EO
EIRD,
> iU E88&ErsHTISE A . Day-ahead operating reserveflEZEEICDOWVWTIIEI AN ETER
DHEEIN. TIXIR2TIXFEBEINRL,
® Balancing Make Whole Creditld. 1HEICZEHT O UIAVFFIICERFHIEFREZE D,

> IHMSRE COIIY MM IIENFEFFBOXIVRTVWINICW T B Credit(CEIT X)) EUT
WEALT A RINYFICHESCredit(BEIXVR2)ZEMICEEIN. EI XU METHOCreditiEIXAT Y
Ry g A
I Balancing Make Whole CreditDst&E 5%
Make Whole Credit = Cost minus (floored at zero)
549807 IVIMLTOIRIVFT—ERDEE E&E
(X125 L EaREmE FRY) (BT AU DHERE)
Value 540807V LTHZIRADEET 59 @BMNDReservell A+ EBWEHIRADEET
YU A ET= Nk PN Day-Ahead Operating ReservefiiE%a
(X ETAIN DHER) CREITATVRIDOHBER)

AT PJM, “Operating Reserve Make Whole Credit Education”, FZEH2023F9H29H, https://www.pjm.com/-/media/committees-
groups/committees/mic/2022/20220413/item-11a---operating-reserve-make-whole-credits-education.ashxc
PJM, PJM Manual 28: Operating Agreement Accounting, p.38-39, 2021F981H
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FRTO/ISOICHITHUpliftERD&ETGIE(1/2)

® RTO/ISOX UpliftERHDEEAEZELVTHHMBEDEWALPEFEFOMWh TR DI X mEa R,
AHMIE CONERREVTIVIILTOREBEE RFEDRBEERESERLREE N TCFANEDITIREAER
B FLEREZDOHEAGDEZHFAL TS, UNUL.RTO/ISODREDUpliIftERE D HERK. TDHREFD
RCAIKEGODTHY AZE>TEDETINDEREEL D,

® FERCIEZ.FERC Order 844NEXRICHWVWT.RTO/ISOICUFPIVIAL-UpliftERAZZOREDRAL
BOREGENICTFRINSEEIZTOWMHESMEDH CEDT T DL IOKRD TV RKEQXBSZETIRR
METINTZY.RTO/ISOMSEERBIEICBRESHREINLZZSH. FERC Order 844D 5 5EREEDZRA
HEBICTIRICOVWTEBEI N,

| BRTO/ISODUDLIftBRNEIEAED CrRA—IJICH<)

RTO/ISO | B
m PIMIE ERMEZERICREELLZUplIftERIL RIETIE COEVWEFEP U7 IVIILTORFRT SaEei.
PJM NI D, (RmEARE) i >> =
B ERMELSADEHATRELZUpliftERZ. BIEAISEE NS DHEEE - REBREDRRE BT

(deviation). Virtual bid*ICEH LT3, (EEEE&IR)

CAISO HMOWVWINICHILT BeHICT 1 R/ FREZETOEMIGU T, Uplift ERZXEME A (FE [REE&ED
xR, EVLFE. BAELICERIL TS, HHAEHE

B EE. RREEEORAICEDVWCUpliftBRANEE UKEFDU7 VI LAFEZRWT,
T V54 LUPliIftEBEES LT 3,
ML, NSO e T 5 UpliftE %, ISOLBEICRS >>> SHERE

IR DEREICEHET S UpliftBRZ. ERIE7 I3 VNRRINEBHXADTEICED
SRTRTHE T IL S ATSOBBIERICS 2 RMIAY D ZEBRE U AL SIEMEN55Y - B\ Ovirtual bid D ARLISHU, RTHS CRINSENFET 375, BETBONERICHT 3 TRNRLETS

B UpliftiC[FZ<DATI)—NHY . REERENEERK. TRIVF—AVINSIR UTPIVI1LE >> Zmafil:

i) FERC, “Uplift Cost Allocation and Transparency in Markets Operated by Regional Transmission Organizations and Independent System Operators”, FgH2023F9815H,
https://www.federalregister.gov/documents/2017/02/07/2017-02332/uplift-cost-allocation-and-transparency-in-markets-operated-by-regional-transmission-organizations#footnote-38-p9543
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MRI

I ZRTO/ISODUpliftERNEIEHZED

ISO/RTO |

ISO-NE

HE

m UpliftERID#KH (3, FEH- 8- Virtual bid-BABADRIESOR TS 1—ILh 50T
B2 (deviation)ICEH LTS,

SPP

B SPPIX. [RANEFERIEE T, ZD/=bD IR A FIZEZE EEISHRVGE. RRICE DLW TUpliftE
BAZEEDL TV FIZIEX. U7ILE1 LUpliftERIL GIHRT Y 12—V PSPPDT 1 XNy F15
THSDTEEE (deviation) ISR U TESIN D,

MISO

m MISOIF. UpliftBERDECD ICET MM 7 TO—F &AL THY . AT RY . R MERM
DHPFICEDNTL D, MISONUPLIftORAEHMTTSEDICEDIE ERINZ—EDAT
J)—ICRE>TUpliftBRZEDT 5.

m MISOX U714 LOBEIIY A VNIERAT S UpliftBRIL. ¥BENSFROREREE.
Virtual bid. B8 A -EHOYEEN R TI 1— IV EETTMEICEICRRDO TN D,

B EXEHFHWOEINNSEL S UpliftdD—FBIEEBMDRERE SR> eRBHEICEIVETEND,

)

)

)

ZmERE-
JRERZE&BDHE
HEnt

RENEE

AIREIH A
RRE&E

ATERY
FEEEE

i) FERC, “Uplift Cost Allocation and Transparency in Markets Operated by Regional Transmission Organizations and Independent System Operators”, FgH2023F9815H,
https://www.federalregister.gov/documents/2017/02/07/2017-02332/uplift-cost-allocation-and-transparency-in-markets-operated-by-regional-transmission-organizations#footnote-38-p9543
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[Z£Z&]Uplift- DX FDIBERBETAI(1/2)

e PIMTIE. HEMEIUpliftIiRENHERIN, IZYMIHWII2XZHE(EB) RTINS,

I PUIMERICHFZ2023F 78D Uplift=E (RE®A BRI

Generator Specific Uplift Credits CSVH/TT“_“—QODQ‘"?DD—FD‘:: A

Export: =2

Uplift Credit Date Start Date *[7/1/2023 | End Date*

H o
Uplift Credit Date Generator issi ici Credit Category Credits Datetime RunDate EPT &
7/1/2023 | PSBERGEM 2CCF PSEG 5021665 | Balancing Operating Reserve: Dispatch Differential LOC 5181.58 9/10/2023 08:04
77172023 | PS5 BURLINGTON 121 CT PSEG 93142 | Balancing Operating Reserve: Lost Opportunity Cost 5435.56 9/10/2023 08:04
77172023 | PS5 BURLINGTOM 123 CT PSEG 93144 | Synchronized Reserve 55,296.60 9/10/2023 08:04
7/1/2023 PS BURLINGTON 124 CT PSEG 33145 Synchronized Reserve 55,910.92 9/10/2023 08:04
77172023 | PSESSEX 105 CT PSEG 1097732300 | Secondary Reserve 523.49 9/10/2023 08:04
77172023 | PSESSEX 105 CT PSEG 1097732300 | Balancing Operating Reserve: Lost Opportunity Cost $2.20 9/10/2023 08:04
77172023 | PS5 KEARNY 132 CT PSEG 123901465 | Balancing Operating Reserve 5907.33 9/10/2023 08:04
7/1/2023 PS KEARNY 133 CT PSEG 123901467 | Day-ahead Operating Reserve 51,500.37 9/10/2023 08:04
77172023 | P5S KEARNY 121 CT FSEG 50436 | Day-ahead Operating Reserve 51.412.00 9/10/2023 08:04
7/1/2023 | PS KEARNY 122 CT PSEG 50437 | Balancing Cperating Reserve: Dispatch Differential LOC $21.05 9/10/2023 08:04
7/1/2023 | PSLINDEM 1CC PSEG 21601782 | Balancing Operating Reserve: Dispatch Differential LOC 5524.56 S/10/2023 08:04
7/1/2023 | PSLINDEM 2CC PSEG 1097732340 | Balancing Operating Reserve: Dispatch Differential LOC | 51,100.17 9/10/2023 08:04
7/1/2023 | PSLINDEN 6 CT PSEG 93141 Secondary Reserve 5270.58 9/10/2023 08:04
7/1/2023 | PSLINDEN & CT PSEG 71856677 | Balancing Operating Reserve: Lost Opportunity Cost 5816.32 9/10/2023 08:04
7172023 PS5 SEWAREN 7 CC PSEG 1379266906 | Regulation and Frequency Response Service 5935.31 9/10/2023 08:04
7/1/2023 | PS5 BRUNSWICK EDGEEOROUGH 3 LF | PSEG 50403 | Secondary Reserve 52417 9/10/2023 08:04
77172023 | PS5 KEMILWORTH ALDEME 1 F PSEG 5038% | Regulation and Frequency Response Service 5809.80 9/10/2023 08:04
7/1/2023 | PE MUDDY RUN 1-8 H PECO 5054% | Regulation and Frequency Response Service 5651.04 9/10/2023 08:04
————<sacao | prepnverome sa—— L ca=— —

HFT) PJM, “Data Miner2, Generator Specific Uplift Credits”, BEH2023F9H815H, https://dataminer2.pjm.com/feed/gen specific uplift credit
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[Z£Z& ]Uplift- DX ~DIERETAI(2/2) Apjm

o UpliftRlENEEICEVWANEELESRE. PIMOARXRDOHELR—FTHREIND,
> 2023F4R1F80ARIEEBETHHMNAAREL. TORAFO-ANIVTREVZEMICLDEFEETHD

fFEHREINTLS,

N NN N
o o o o
[ I | ™
Xy o o o
0. oL o 0
L 4 5
o O -

— O™ ™~

HAT) PJM, “Markets Report, May 22, 2023”, BEH2023F9815H, https://www.pjm.com/-/media/committees-groups/committees/mc/2023/20230522-webinar/item-05a---market-operations-
report.ashx;

I PIMERICEIF22023F48DUplift=&FH(BR)

$2.07 = Day-Ahead Operating Reserve

mm Balancing Operating Reserve
mmm Reactive

$1.5  mmm Blackstart
mmm L ost Opportunity Cost

$1.0-

$ Millions

$0.0-

N
=
|
o
o
<L
)
o

04APR2023 [T

0S5APR2023
06APR2023
07APR2023
08APR2023
09APR2023

10APR2023 [

it
o
™~
'%:

NN NN
o o O
™~ ™~ ™
o o o
o %EL
< <
T M~ o
— - -

25aPRz023 [N

I
R
o
<
N

01APR2023 .
02APR2023 [

it
o
™~
o
o
<
O
-

23APR2023 [T

29APR2023 [
30APR2023 ]

22APR2023 [l

28APR2023 [T

K Q
o o o o
~N ™ ™ ™
EII'I o
— ™

- = = ™~
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F7OIERMBOEY AFICET RS B30

AICDWT-

KE--PIMICH T DHERENF| DE
FAMNRSEETOERADCEE

SRR 2024%3818H

JTAY . |

MRI

TRIVE—-HRTFEUT A BEAR




MRI

HR

1.PIMICH T SEXTEXE| (IBT) DL H A 4
2. B4R ETHWzCERADIEEF 10

FARERE SR FEIRI T —FRBESRIENRICEAITIFAEFETE(ARTIGICATIHFMRAFICRIFESFTERE) IORERBIC
EDWVWTER - —8R 0T,
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MRI

XU®IC

o FARREKMIZEDEY HFICAT IR (LT REAR) T PIMOEIEATEH (KWhERE]) [C %D ATLH
EXEEEDODRYRENFICNTSUpliftOEHEAICDOVWTIHREZIT O,

o S MHFATITNONTVD 2ERBDENERSIDEHEAP. PIMAENERGIZED XS ITHROTVS DA,
NGBV BAELT ) D TEFEZRBU TCHIEEIEETI LD . SEDERDSEEVTCZTORBEHRET Do

® I  FARRNARICTEE AT - N—DEKRSIVEVWZIEMDS S AAZBUTIEETSZATZC
HRET D,

MR
PIM®DEITHIZERGICH T DA DA Ao

e PIMOEITIBEE|ICEMT2BRIT. REA 77— 2 RETHIVENH D FICEBEMB THNELEERIZE.
AETE TREA T 7F—2RETEIVASATI7—EBIREIND,
> HESTREETCERVES . RETCT RV ENEEA D7 —ERETE AT GEAIEP.55R) .

o BHTNAEREATI7—(CETET, WELE(BEROEEELL-HARS) RN RENS,

e REAT7—ICIE. EBREHEASHEEC TR I IRTI2—ILE, PIMOREEIELIBRICERSE T—ILRYT
J1—ILD2ESNRERET D, SEF2ESDALFECIDOVWT, AARRECRE TS,

AFL(FREAFT7—1RE) HIEIE HERRAR

SRETISTHELEERZ. F—RTT 21—l
RBETEADRANA I7—BBEETS WELBICL->T. BEEHESL - HARSHRE
T—IRTL1—ILTD TR 1—IER
BEHET HEATP—IRE (#97E - 2Eh)
eLz
BiR I IRTTGA—-ITD I IRTI1-ILEBR
REATP—IRY (¥97E - E23D)
TF—=IRAFT1—=ILTD T—=ILRATTa1—ILER
SRHST REATP—IRY (FEE-f21E)
e I IRTTGA—-ITD I IRTI1-ILEBR
REATP—IRY (¥97E - E23D)
BRETSTHELTLEVES. |l & SR T R
HESMERLETIBCRES T7—ERE REELEASHATRRDERE

iEAT) Monitoring Analytics, "PJM State of the Market - 2023", p. 296, 2023510888
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HiF) 8848 RRFHIROEY SFICE T SRR, BRI 5-2KE  PIMICET SR (ERDAFLIFE. UpliftDOBEMRLE) ICDWVW T p.4, 2023F11827H
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KE-PIMICHITDEANDEIDEE A0jr

® FARMRFARTHDEHADEY . PIMTIE, BIEANHBZICIRESNIZHEEA T 7 — 2B TERED - BALT
BEOMNREIND,
o MAT . HENHENCTHNIREIZHRET S 2EBRICHEVWTERS - BRI DETHANEFET D

| PUMOEIE HTHE 4 ERE

T=I27Ia—-)bTch | THHRBLES S LR 1—LER

BEMHIHT HREAT7—IRE (FI%E - #£Fh)

HWRELE

EiR IV IRTI31—=ILTD IV IRTI1—IVER
HEA T 7R AAL HELIE- (F%E - #cFh)

b3l

TRV 1= EETHRAL F— VRIS 1—VEE

A 4

B T (FHIE L)
e B TRTI 1T LV TRTI1—VER
SEA T 7R (- 28)
#a® 2= TORRREICAE : c » TEIRENI-ROFROD
%, PIMEEL CBE

e F

HiFT) 884 8 RRFHIROEY AFICE T SRR, BR5-2KE PIMICET BHHRET (ERDAMITE. UpliftDBEMRLE) ICDWVWT p.4, 2023F11827H
PJM, “InSchedule”, p. 2-3, 2017F5823ABLTBHAET ) T EE EICZEHMEFATER
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MRI

hizNDENERE| ZPIMICHRE T S{LiHH B

o MIGATHHBEULL2ER TCORMENZHREIT DA HEAEU T, Internal Bilateral Transaction
(LLFVIBTERESE) EMENZZ T —EZINEFET D

> IBTIE, PIMICHEHERE| 2R U 25 M TEADZHELE TR ERIRTHEH TH 3,
> IBTIE. PIMOR T Y 1— UV FICEHEBLANEENS,

o [BTZHETDITYFEEVFIE. InScheduleEMIENSZERY—ILZEZAV. BHDZITEL - BFRICHE
ERBDRR(ZVEARR. ENDZTELMSRR. NEIBEHE KEME) ZEPIMICHRET D,

o HEINLBHREEIC. BYF BEVLVFHOHENEZNICHRIERABED—HFLPIMENLTITNNSD,

| 1BTICTEH T 2154
HE e
S B R s DR —
Hu 15 4R 55U FRIDHAIER (Source) &, BVWFRIDMSBR(Sink) E1E
sELEg | TYFCEVEMTSDETIREIVSRYENE(Wh) EEE
X TKWhENAL CTERE A BE
H Ui FIEIS RS ) 7L 91 MR SRR

HAF)PIM, “PJM InSchedule User Guide”, p.5-8, 2015F681H
PJM, “InSchedule”, p. 2-3, p.17, 201 7E58238 LY =R EAERTIER
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Internal Bilateral TransactionD#E& 21

e PIMEAHEICKLDEIBTHEII3ERED JO— %2R ETHRYFNASEBEVWFICEANZITEINSD,
DFEYFIFIBELZSourcetttRICTPIMMASEAZFH:EL (Withdrawal Purchase). ZDO®fliE LT
EE|IEXSourceitt RDfEZRUZIBTREZPIMICKI D,
@QFEUFIEZITR > BN Z. BEVLWFICZITET.
QEBEWVFFIEELESINKMIRICTPIMAEANZZITEU(Injection Sell). ZDOxiffi& UTEEIZE XSink
MEDMEEERUEZIBTHEEZZ (TR,

o TUFEIEBNALIBTHEXLWAZELSITSTIN. BEVFRIEEREEIBTHERIMNELSIEIND,
TDEOH. FEYFEBVWFOEKRFrYY21T70-KX RENICHBADENEZHNICEIOTERELIN D,

| sErmes£0IBTREIOTO— Fryyao0-
EXRWICEDE. ZNEAHEIC

=UF (Sourcedtis) §”<"“"J$ﬂiﬁi%’i§¥f§gﬁ’g H\FE (Sinkit)
2 s A\ A\
j) S ————————— ; ®h A
1 SUFNSEVFAOENZTEL ! ¢
! I
HEEE | mBIA i e ! NHEE| mEpe
=W ! EHOIO— — | %
DPIMHISD | - IBTOIO— ===~ I @PIMAD
=@ I C Fvewad = [+3
. EH]E 1 IBT*#% FI. D_ IBT*SI.% : ﬁlj-lgb
(Withdrawal | =4, S i (Injection
1
! Purchase) : i Sell)
PJMDEE ST
HAT) PIMIBEEDEZEEIC=ZREHFTAMER XA LCEMBAERREVRVWESRT—REBELUZ. EEDPIMICH TG TlE. R BEERRE T D AIEMEN G DRICEENRNETH D,
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MRI

I8

G

Internal Bilateral Transaction|CBEd 28 &S

® FERCICLDE.PIMIZHEWVWTIBTIF—MRHIREE|ITIEE<E>Tc&ETNTLD,

> 201 2FICFERCICHUTTI (MBRHREAZHR > TUVLWRW) L —F —NIBTICESIMNT B E T HENE
ZEHEELTVWBJEEBMRBLIITONZEICELY ., FERC order(g_TFIBTII&ab@%EﬂU%&Eﬁ%#D%
BICOHEDONDIEEDONTZ. TED=H. LLEIXIBTZREU CEHEMNREE|I Z1TOE AN —F =N
N IREIYENREAZR > TLRVWRYIBTE TSRV EICRD>TWV S,

o REXEVBALTUIIICHEVWTIBTZAHWVWRVWMENESG(ZERE: Contracts for Difference) %
BREIN TV, U L. E7ZD DI EIEZICK D THMES|IDERHECRERICHEENA SN, RS CRHERE
ENEoNTULRV, CORIF. SEEEMFABENNETHDIEEZISND,

> R IR EDERCAVIREIOER. HIENHHVPEREREDRARMERE

AT BA LT T EEEIC = EMATR AT ER

Copyright © Mitsubishi Research Institute 244



MRI

[&2Z]InSchedulelc®& 2[R -HAIRS1 Y

e PIMTIX.IBTZ#HRETDY—ILTHBInSchedulellDOVWT, I—F—HIFZHRITLTWVD, I—F—HA
FRD“BRAIEHTAIRSM12(Rules and Guidelines)” ICI& IBTHESIICEAULT FEEDABTNHEE TET 5,

» InSchedulelCTHRETNLZIBTIE. RUFEBVWFRANEDRTI1-IVZEEKRITD2UENH D,

> TBEESMEINPPIMICHU CRIEOARBITEZEBVZEES. YZSMEBICKLDIBTORESIIENERD,
MAT.EBRICERINTLWEIBTOSE. 5T EUVHZHZ TLWRWLWELTODIBTHAEMNERD,

> BERIRINFT—OYEBMBEORZHDBilateral Transactionld. PIMICEBRETDIZENTETD, DK
SICHEIN/zBilateral Transactionld. EXR IRV F—OHMERNBEDZHDED TRITNIXR ST,
Internal Bilateral Transaction&EUTPIJMICEHREURIFNIXRSRU,

HAT)PIM, “PIJM InSchedule User Guide”, p.5-7, 2015F6H1H
PJM, “InSchedule”, p. 2-3, 2017FE5823H
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F4ERFETHEWESERADIEZ(1/4)

Bz R COMRIEZ

mHZEE OARMR—=RATODA T 7—DEFENEIETFSNTL) E1SESEEY)!
M, IR —RADEERICH O TEHUBWVWEWT | « IRM—ZAT7—ICEFZND10%Y—I U EIHT L
RVDH, BULIZENLU T TEERIT D ENRHON EEMTAINEIERVNZH ARM—RAT7—DEAERT

DD, FIeFDRFDERIIMAH, BHEINSMELUL T IR ZEZRITD_ENTE D,
HrHPJIM, “Manual 15: Cost Development Guidelines”, 2023
F8H1H

Whp 21815t D Em L. SRAIXPIMDIL—)b- [HEXREIZ]

EE(CAITUWNIFHIGERMECH 5 \WE—T/\— FERCICE7U 7 Z1T\V\, TEEDEZEETEL ],

IN—EWVSIFWITEDTVNDDH, o JESEMYICIZBRICR O TV TEHEGIEMEIC LY T DREEMS

HBN, EFH LT ZDAEEMEFEWV . FERCIEHISREC 1T
FICL > TEAMIBNEL GBI EERRL LD, il
BREBNSZIH5AZERE PIMO LIRBEBR S ATLZT
7RV RY (KFEREIE 7R,

AT FERCEZ VT KV
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F4ERFETIHWEIEBRADIEE(2/4)

BRTE MRIEIZ
HIES [CIVIDRTI 21— I)VERICDWVWTERERICIEZPIJM [HBXREE)
NIRRT 21— TG 2HERNBED I EENMMMTLND |« PIMO#IFE(Open Access Transmission Tariff)(Cd
N CORBRERFDERELVODIFEDLSICEZSN W BEEICIX. BILTRT 21—V THho>TEPIJMDIE
TLWBDh, [CTEDODMENHDEINTLD,

« NERCUHLAREHEFEE R ZS) BNFEMT DHEICE DS,
ISO/RTOIXEREREICKH T 5:EAETE (Operating
Plan) DERENRIFMA TSN TS, PIMDIBEE. Manual
13: Emergency Operations|CZBE2ENEMEHE- B
NRT7OIIVHREINTLD,

« YZaTPWITHRESNTVBREAERE(Emergency) LT,
2T LR E T D2 ICHUNNEE R DERRE, i
RO DBFRTFMEHERE MRHEHY . RTFHRARL—23 D
MNRHONDEEXRR - ABNER(TOJXLRE), PJIMIE
N TCHOEESFRICE>TPIMDT7 O3 UHKkHENDERE
FENEFE5NTLS,

HiAT) 40 BEFTIEOEY AFICET D85 . BR5-2KE-PIMICH

(T2 5% (BIRDAFLAE. UpliftOEIRLE) DL T, p.4, 2023

F11827H

NERC, EOP-011-1 Emergency Operations, p.1-4

PJM, Open Access Transmission Tariff: 1.10.2 Pool-
scheduled Resources., 2010F9H17H

NEERS $5(CSCUC, SCEDDOHITIIFEEA T 7 —IBHROKMM | « BIETSR/U7IVI1LHEGETOA T 7—IEHRIL, Market

BEEROFDENARER AUz, PIMTIERIA™E GatewayEMEN SV X TLZEUPIMIZEHNEINTLS,
DREAT7—BHRE. VPIVIALTEDEFTEAT | « UZINYMLHHETIE —SOEHEEHDEENERHBOSD

EDREEICIRDTLDDH, BIEXTERHOSNTLV D, THSiInE/PIME TDT—9ES
E-7—=9IN\IR)TIC, S TIVERRITINIX., &HEFDIEHR
NRMEIN5,

HrT)PJM, “Manual 11: Energy & Ancillary Services Market
Operations”, p.140, 2024F2H22H
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F4ERFETIHEWEIEBRADIEZE(3/4)

BE MRIEIZ
INSLWEE BIXNUpliftICRHELED DI EDH. CFUTH - BIXRDEETUPlIftAEELVLTWBZEIIEERTTTLS,
(=) NIETREBNZIEETZ0, RS ClIEEIREUpliftICET 2EMBHRIIESNTLR
Lo

LA 41 FRFHRIS0EY HEFICET SRR BRI5-2KE-PIMICH
[T 5iERET (BROAILAE. UpliftOBURWVE) [CDULVT, p.28, 202

3F118278
UpliftEAN2014FLEICRRL TV COE | [HEFKEE]
SERFEFBICADRHFICROTLNDDH, « 20145 ALERERICEIRNERL TFEIBICH D RERFFIER

[C KD TERIBADRIEDCKIA T IR DRIEIC K D RRLHIFY
MFEEL, SHEIMSIEICEDERERMEMLZ. DTz, 17
W1 LDBIE N EHFRT B ICPIJMABalancing
Operating ReserveE U CTERZHERLUIZT=6. UpliftH
KIBICBIULZESINTWS,

« 2014FEDFEHRVOBEZZITT. FRODBICHTDHIER
VAT 7 — ERMED REUEFDHRFRENEIBINSL,

AT PJM, “Analysis of Operational Events and Market

Impacts During the January 2014 Cold Weather Events”, &

EBH:2023F12A14H, https://www.hydro.org/wp-
content/uploads/2017/08/PJM-January-2014-report.pdf

miAITT—/I\— | DROELS R —ZANUpliftDBAFMRICRDDH. [élEHEIEIA]

YA Monitoring Analyticslc&% & Economic Load
ResponselxUT. BB -U7II1LEEICUpliftDER
WRERDEINTLD,

. BREERRICUTIVIALICTREE (deviation) ZRES
BEAIE ®EZ(CSU TUpliftBERDEEXNEENFS
ns,

HAr)Monitoring Analytics, “2022 State of the Market Report
for PJM”, p.278, 2023%F3H9H
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S CIEVWVEIEBRADC

MRI

%(4/4)

Bz

MRI[EZ

HINATH—=IN\— | PIMTIX. B IRTI1—=IERIETSARATAH— | [HHFKEZ)
EROTVBERFULWTULBAD, FNUZIELLID, « TEME(LMP) DETETIE [REIE U TR EERECD SN
CIVIRTI1—IVERIZTIARTAN—THdET BMETONYN—IFIVRERDBFRERZSIHTBI(X1),
3 FERMCORMN—RADAT7—EFELTE. dispatchableBfBIEN G2 IV IR TI1—IVERTHN
MESN THBMIBIEHSDEREZTRE RSB, XRFERH— T =/ D=6 RIEE HAZ(Economic
EVRZ & TEBIROEANEVEEFERET Min.) ZB X TIRBARFEE IR IN, Y—I T IVRERE
MIGIEMNMET U CVBRIGEICIE KOFRERETE IBNIETISMRERET DHENZHF T 5,
BOVWERN I IRTI1—ILTHET DEKFE T IRTI1—=IERRVOT—IRTI1—IVEREEIC,
NEULBEWVNDZEIZRD, UM >T K ADHIEL dispatchable’E AHE X TRBEREDHDRINGEH D
A DL DIRIY AT VED ZRRVN T KAERD G a(%2) SRINSRABRZRFR\ 26, Tis
I REE AT RE R ER D . tjbjz}jjg_}i)%lf%ﬁt LT HBZERET DIEFZEFFIZR,
FAT7—FBNEIMNE FNFNIC MZDmI f)Monitoring Analytics, “2022 f the Market R
REBFEZ THMEITDETHLTLD, %Frﬁ%’JM”, p.2991],2(?2y3tf§25359% >tate of the Market Report
BNA TS —IN— | p.8: XKBHX.BAHEBTIVIRTI1—IVTEREIN | « KBARETIE. BILIRTI1—-IL14%. PIMDEEL
TWBAREDEENIE. T—IVERELTEHRINTL HEearlgedispatchableRE A/ (T—ILR T a1—)b)
BEDEHBDERBIH, FOEERDHINIEHZ TL M8O6WTFET Do
12123720\, o« EAFRETIE. BIVITRTI21—IV5%. PIMOREL IBS
aralge’rdispatchable’@ B HHE(T—IVRTI1—IL) R
O5%TFET Do
HFT) 410 REFHEDEY AEICET 1851w, ERS5-2KEH-PIMICH
g%ﬁ%%?ér(aﬁwlﬂﬁ,f UpliftdERLE)IC DT, p.8, 2023

X1HBFE. UV —XDEERFE (Start-up time) DFEFINEH DTz, 71 RN FRER CRERERL TVWBR Y —AZ /R EUV TRBEREODERIN. ENSD) —RDHHSY—IF IR
ERORAEBEREHEMEEUTEIRT %, —A. BHEEE S RE RO A ETN 1 BEIRBO EERRE) ) — X (Fast-start resource) ThHNIE, BEIERRICEFEREOETO_ETIR
BRI BREZIVDRE S TIREFE AP ICHS ZENARETH D, CO LD HEnERe) ) — R EUTIVI1LICHITRREEADEREEZSHILHICEETHY . anFEE# )Y —RIZDWTIE
PREERN—TICNA. EHE. BERERATHTSMERERICERIND,

HAr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)",p.66, 2023F%3H31H

X2 B ZFKWHEFID_ETIRIE(Economic Max.&Economic Min.) #E—ETERUHS. EREEINEE LB SIEEEL I (Block Load) THEYT & &, dispatchable’®
BIFERTR,

F7zlddispatchable R B ZEFOEIREE L TKWHIKID ETFRIEZSRELRZ)Y —ID kWHKID TRE(Economic Min.) CHRELRZEE. NELZEAICHE T IRAERA—TH7E0
=0 SBRINRERAEBAGEFELR,
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FH7EIFERFHIZEOEY HFICET SRAR EElg-1

KE - -PIMICEHFSHEDDEY KL

i ey A 2024%3H18H

JLA

MRI

IXRIVF—-FRTFEUT1BRZFER




MRI

HR

1.PIMIEH T BHBRZDBE 4
2.Reserve MRV KLY 7
3.Regulation®EIY KLY 13
4. KE - -PIMICHTHRBENORVF FEH 24

FARERE SR FEIRI T —FRBESRIENRICEAITIFAEFETE(ARTIGICATIHFMRAFICRIFESFTERE) IORERBIC
EDWVWTER - —8R 0T,
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MRI

XU®IC

® FAMRSETIE. PIMDOENENTIZ(KWhEXE]) ICHRDAMLFECESEDORYIBENZFICH TS Upliftki
WDAHEAICDWT., CHREZ1To72,
e SO PIMTIENDNTLWBHRABHNORAVCRAEZEAD AL -NWENIE-BFEDLTHEA. BIEHHIBZ AR ATHIC
PIIE2RBFICOVWT. XHMABZEU TIRETIEZH. SEDERODSELEUVLTCEFORNARECRET D,
> PIMORAZBAAZOLHEA L. BIHTENS U P IILTIBICNT TERRBEELR>THY . HADFE
NFEDEZRECRE<RL D, TN, PIMDEHEAERENICSRET DD TERL< SEOFHROD
SEERDEIDICABNAZDES - HRHICKO>TIHREIT D,
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PIMICEFDRFEAXR S B

® PIMTIIAREI<3IXZDIFAEH(Reserve. Regulation. Frequency Response) BN FET D,

e OO HAD—RFAEAH(GF)ICHY I SDFrequency ResponseldigflftHEER>THY . TNLUAD
Regulation. ReserveNmZEEZEDHNRERDTL D,
e KHIX. HiEFZENDTE ThDRegulation&EReserve(FERDER) ZHNICHRET D,

| PIMICHB 2R AR S DBE

FEHT) | smepsy

EapEiSH
Reserve Synchronized Reserve | RHIRE -FE'JV—XIZLD N —
10 COE NIRRT 1098 | WSS
Non-Synchronized JERIEARE -FEE)Y—XICLB109 . .
Reserve Bl GO S 10053 | TAHE
Secondary Reserve 307 LLRTOLAIAZEEEN N .
(RIARETHHHELL) S0mBR | WREE
Regulation BRSSP LN THOHEHTFERE.
PIJMMOSDAGCI T FHIVIZRES #AE 573 ThiZEEE
NAE
Frequency Response HINFTFIXEFEDFEREZRNT,
FRIREREIREIC G U CEENICH S — REFH
HEZEITOEES .

AT EALISHE FAHEERLES ., [FeKEE D TIARERETISICRE I 2EE, p.76, 2018F7H
PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 129 (Effective Date: February 22, 2024)",0.12, p.27-30,0.83-84, p.104-107, 2024%F2822H
PJM, “Open Access Transmission Tariff, Effective Date: 1/3/2023 - Docket #: ER22-2110-000 - Page 5”, 2023F3RB1H&Y =ZHRSHZATER
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PIMOHEATIHIE| & HEEH G| & DR RIE Spjm

o REMBTEILINAEZERIL.HENTHEEReservemHEDEAICINHITI2HBEICILEFEZHELTWLD,
KAEMG CTEAINEZDRUY —RICITHGIHILEBEF EFEINTHIS T BEARFOTVIURLV AR RICIHUDRENREESN
Do

o X HENHGICREA D 7—%2REUVLENAZFDERNDOE,. ReserveZ AR EIRIEIReservemiZICInAL U &EH
BREIND, FNUHNDIIY—XIE. ReservemFZICA T 7—ZREITDENTLFKD,

® RegulationlEZU7IVIAMLTHIGZOHFZELTHY . HLEFL)Y —XIZRegulationdT77—ZRHET B,

P51 5T

s HREAT7—IRE
HEATE [ . .
kwh) [l b4

\ 4

L READ7—EREULEKNEOER: HHE TR EE TEBIGAL,

&g, i N Reseﬁr%/ﬂe]:;fﬂz; —
Reserve A= z ‘ }
(AkW) _Etié)bg'f'b‘ FaEuUADOIY—R:ATF—%RE » Reservemniiz

- Reservezx 77—

't
EFETAI7—ZRE
Regulation " _ Regulation Regulation
i =N EENE
(AKW) IR IS COFERL oy —dmp v

HRT)PJM, "PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 129 (Effective Date: February 22, 2024)”,p.12, p.27-30,p.83-84, p.104-107, 2024%F2822H
PJM, PJM Manual 18: PJM Capacity Market Revision: 58 (Effective Date: November 15, 2023), p.137, 2023F118158&Y =ZHREMZERTER
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ReserveA J7—NDIE

#H

A

MRI

® ReservemigIcS
> KAFEDERDOIE.REAT7—ZIRHEUE

g 3i568. A=, MR BEHRZEHRIT Do
ZBiRIIReserveMiZICHNfLUTzEF BRI N HEATEZEDOA

TJ7—BHCS T —KIEDDVWT.PIMICE>TANLENBHEFHICEFRFRIND,
> TNUADIY —X(DRUYV—X  KARE.EBM) L. BEXENANEZEERT D,
o AALM#&IL. Synchronized ReserveDHEEHMNERH SN TS, Synchronized Reserve
Penalty8BEE(CX1) N LRMAERELTED SN IRIRTIE0.04$/ MWhERES

o SEmhiZ CHEULTZE
MBS EFEZEITDE

EJRM. dispatchablex

(available) EURWHEX BLEHZ®EZLTVWRVNEHARIND,

| ReserveA 77— A IER

I5H

KNFEDERDZEG (X2)

ncusd,

BRI HENTEP LUReserveBZICHiL T 2T HBRIGILEFBAREESN T LD,
R ZRFDOICERENST . ReserveB= =t AT6E

DRUY—R . KAFEE. EEHM

AALfiS

Reserve Offer Price

Reserve

A= BIRDEEL/ N X—5ZH\T. EmDICENE S = w7z I EH T,
Reserve Offer MW PIMABANEZEZEE(X3) | FEENANEZTEER
Synchronized AFLME = S5k

(IRED _LRI@#%£0.04$/MWh*1)

Non-Synchronized
Reserve

Secondary
Reserve

MHEEFRAR(TOIRM I 7—EAHREINDB)

¥1:Synchronized Reserve&EUTHELRZUY —XMReserve i TE AN 2GS . RETERH>EBEICUTIVIILDReserveIEMBERUERTILTAEBNRRESND,

X2:KBX-BEA-FEFAE. BEReserve AfLOBERAEINTVWS, PIMDBIN KR EBTZ15

&.EBFREUTReserveMBICIGALATREE 55,

%3:ReserveA 77 —BEHUAICE.HENBEIDANLICAWSNEZNTX—9—(5TFL—br.Economic MaxF)EEEUTEEIN TS, HMliEp. 981,

HAT) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 129 (Effective Date: February 22, 2024)”,0.102-134, 2024%2H22H
PJM, “PJM Regulation Market”, p.4-8, 2018FE8A 108 &Y =5 SRTTARIER
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(£ KHEOBRICHT B ANBOHEESE Spin

¢ REAT7—ZRAHEUVEKADEFDERIZ.HEATSHZDA T 7—BHRYCSTL—HTE DV TReserve AL
ENBEENICERIND PIMIETENDEZAICE DIV TReservet e 2= EE T 5,
D STV rEBFAT. EBSERI0DURNICENZEERBEZEH T
@ HABE LR (Economic Max.) &Reservea&E LR (Synchronized Reserve Max.)DWL\WFnnh
BLWSELRE ARKRELAICEODTREINLZAHABMW) EDESZEE T
QEHULEDODEQNOAE LR (KWHIF) ZHLE L. WINMNNTLWVEZSynchronize Reserveft i a[gEE
EUTRE
| synchronized Reserve ARLBEDEES %

REFRDOLIIE 100 &ICEERRES 7]

Mw

MW
A T -
o Economic Max.
| | | ] | DTEEINE
EINHIC SEMYIC BEE.KWHIKOD
REFIRELER REFIRELER r LRELRL.
(dispatchable%is) =~,— (dispatchableZ:fais) WENANET L
27b—h% gan
e — o 1040 LAICEE AT #E BEZRA
- ®Synchronize T AHiE p
Reserveltinlge=
_"‘ o RENHEL HiE
Economic Min.
REPDB=

¥ Eco. Max. > Synchronized Reserve Max. >Eco. Min.MBEZEEH L TLWBIN KWHIKIZUY —ABFHFICKH U TEHERETH S,

HFT) PJM, “Reserve Markets Overview”, p.23, 2023F108 108 E(IC =R EFFEATER
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ReserveDWIERE FEIY —R - HIEMBDRE B

e PIMTIE,. BIEH™MIHZ(KWhEXS]) EReserveMiGARERIREILIN TS, D4, Reserve DN ERIC, BEENERL
f=Reserve AfLMH&ICINZ T HNENHIHE DRARRBELICHEDIEELINZCKT)ZPIMBITEE - EFEELT. UV —XEICE
MOARMREEINTL S,

XT1T:PIMONYZa7IVFICHEWTIE. Opportunity Cost(BMEER)ERBFEINTLDI3EDD. BRDERABETHZE ARSI (2023F
BRATIOHRE. BBEEXL)ICEVWTIE. KWhDESTIF CREBHZHEARITIGEDODHENTIHZ (KWhmiZ) @& (FE) ERAEBRDED
CEEIMBRRABIERBLUTVD D KERNTENREKFRIEEH LTOR—IDERN TERk,

® ReserveEBEEmMAITETCENIRANK2)NLZWVWIY—=INSIBIC. AVY A —F —THEZTHE S,
ReserveEUTHELREIV-XDS3E5. REFVRMIANNReservemEDHMEME(TRERA) &RV YTV TSA
ATREIND,

I ReservedD#IEAE(AX—U%3) | Reserve S ERZEE :35MWELEERS

| Reserve AALE(MW) EMHIR N (%2) HER(MW)
)V —XA 10 0.10$/MWh 10
1)*)—2ZB 10 0.10$/MWh 10
0.20$/Mwh
1)Y)—XC 10 0.15%$/MWh 10
v)— 5
JY—2D 10 0.20$/MWh T
v 0 _

¥ 2:ReserveZd J7—DAAMEICIZ T HIENTIFEDEAGRELICHE S REFZE (Opportunity Cost)Z EFTEB U, BT A (Effective Cost) ELTEEINTLY

SERBEINTVEINR, ZDOEZAIFABEICERE TSI TLRWNESH  BMESRRNBETH D,

X3 CHRADSEELRDBHREREMITSH. IHTIZICH TS ReserveDHEAFZEZRICER U VT IVIMLTIBEEKZDEZAZHEALTVSN, PIMTIEEER

65D A ~ERFJBHRLODAICHN T TEHREDONEIIZIVINREFEETDLH.HWE)Y —XPHNEMBDOREAENRLVEHERXO>TUS,

HRPIM, “Current Offer Structure and Pricing Outcomes for Reserve”, p.15, 2023F 11826 BLY=ZSHRAMEFMER MABEEDHSEEIREL TRUEED TH I RICCEEIES 20\
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MRI
[2#]Reserve N FEL TV IEADReserveDiR LEDHEH 1

e PIMTIIAABICReserveDHNEMBAN LR T BDEHANEFET D,

o I EBREEA®WIEUCVWBREERIZ. p. 10DEZAHICE DLW THEMENEEIND, —A. ReserveDIAEFRENRELU:
BEIX.BREEAET TV —UBICABNICERINIZReserveDEBHBE CEDOSNIZARFTILT4EK(300$/ MWhZE T
(X850%$/MWh)ET. ABHICHEMENA LR T D,

IReserveDEEMBOMRERES & (FEE)

Reservetf—EX Penalty Factor A
S : : .y ($/MWh)
ynchronized Primary 30-minute
Reserve(SR) Reserve(PR) Reserve $850 C*\
"y
EfEMEXE BARDE—EH | Synchronized | LFDOS55. &K
Reliability NEE Reserve EZHA
Requirement 0)1?%2’??%3}2% @Primary{ -
MD150% ReserveD{E%A
HERE $300 (=== == .
@3,000MW :
QH ARz :
5§§£$§U$ 8
RE mULE .
_ \ _ X ) Step 1 Step 2 ;se,\,e
FlrhEKE SROEFEMEK | PROEGEMEK | 30-minute = {5  Requirement
Reserve ELEBMTRA | EEEMTEA | ReserveDIEH = e MW)
Requirement | BREB*DATt | BREXOATH | HERBOEM EXE  BXE
i{ﬁﬁ%ﬁ%‘*@ \ v J\ v J
Gl H—ERBIC  (EEEERRICIOOMWE
XBMFHEHERE(Extended Reserve Requirement) It EALOFREEMEZEH/IN— REEZRE MALHEEE

TEEMFHRAZRETSILHICRETIND . BRTIE FERELTIIOMWEREINTWL D,

HFr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: December 14, 2023)”,0.101-110, 2023F12814H
PJM, “Reserve Markets Overview”, p.10, 2023F10810H &Y =ZHREMZEAT{ER - —EFINE
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Reserveif:Z&RANDEIENDEZ A

MRI

B/

® PIMTIE./N\EEXENReservel ZEAZ2ENICABIBETIRFEZED,

o NFEEXABNL. ITHHEAIVOIVFPRFEIRLET TV -UFEICNT S /NGEEEXZEBADEFTEDKWhHELE

(VI7)ICIEUTReserveBiHEBZEFET D,

> PIMTIZReserveDExtEXS| (Bilateral Reserve Transaction)BNFEIT D26, HNEEIIC LD
AR - RAENZEZULSIT U INEEBEEDReserveBEXR(VI7)RNBEEIND,

I Reserved@gBRMAEA S

~ ~N
1%\ %‘fffﬁg Reserve Reserve
~J 18 |_:|'1-? E EE _ gﬁs =
Reserveiiigs [l "C°CMVeR= TUT HT—
) - s B —]
g RhES
DS v = PJ Méﬁ@(li/levi)erve EhES
(kwh)
\ Y,
INGEEEEDOIREIY
EEE PJMEBRAD
1B IOYEETRYT HXEXE|IC KD
_&ETEH ReservelRsc - SAEZENZ#I1E

HAT) PJM, “PJM Manual 28: Operating Agreement Accounting”, p.28, p.69-70, 2023F11815H

PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 129 (Effective Date: February 22, 2024)”,p.133, 2024F 28228 &Y =R AHEAIER
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Regulation®HY KL\

® AtLAE
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Regulation# 7 7—DiER 31

e PIMMRegulationmFICESIMT BI5E. AfLAT—49 X, Regulation®kWHI# L TR, AfLE. MHE1FE
HREEMAIP.218RB)RE KA REHZERT D, PIMIIREI N ZRegulationZ 77 —ICETVWTHE
WMIBZ1TD,

o AMLRAT—%RX%Self-Scheduled&UTEHITZET MR ERZEO(TSAIRATAHA—)EARLTH
EAMENITOND,

I Regulation Offero ANEE—%

AR F—F R B RegulationOF ARG ZE %
RS AN o (SHEEETBIBS Available, TSI RFIH—E LTI EEE T 31248 :Self-
Scheduled. It ZHFEULRVVIEST Unavailable)

KW Regulation Max. B RegulationANAFLAIEERH A LR (MW) &= &8k
" Regulation Min. B RegulationNAALABERHE A TR (MW) Z= & &%
ARLE B RegulationADAFLE(MW) %= &8k
Regulation Capability B _EIFAR--TFFARDHRRIBAEE UTERT DN HNERICIE LT - FHEmAZRE
DT FII1T (%) gy p ;
Regulation Signal type m 277917 (RegA or RegD) Z:&EiR
BEffiiE B RegulationE UTHEFREINLAE(MW)IZHT 3 AALMK($/MW) % E 8%

Capability costXI[&
(ISR Capability price

03 4
(p.2125) E%ﬁﬂiﬁﬁ o | Regulation U THREILEBRICHT HE(S/ AMW) % &5
erformance cos m Self-Scheduled&e UTEHINEES. 0T ND

Performance price
*RegulationlCIF2EEDEESNHY . RedAREAZEEICH RN GIRREBRCIARBEI—ED. DUNAIRTAIILEF)ICHBLU. RegDEIRIVF—E(KWh) ICHIRDH B
Y= (BEBM. T4 RA—I . TIYVRHFARIY—XF)ICTHIET B,

HF) PIJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.83-84, 2023%3H31H

PJM, “PJM Regulation Market”, p.4-8, 2018F8H10H

PJM, “Regulation Control”, p.3, 2022F kYW =S HTTATIER
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Regulation® AL A% &1

® RegulationZaJ77—Z112%6. AR ZEEHRT DEIFAvailableE UTEEHRULU. T4 RXRTAMH—&ULT
Fi8% 925 51ESelf-Scheduled& UTEHEHT D, CXEEDE N (EP.225H)

o )\ —RDHFMZEBEFATRegulationDkWHIFID ETFR(Reg. Max.£Reg. Min.) &9 %,
COEHERNICH VT, Regulation AFLEZRETDENEFRD,

I Regulation#T77—D AN A%

RegulationD AL BE (A X—IK)

EnergyzA 7 7—DHDIHE Regulationt 7 7—%{7554&
S Unavailable& UTES% I AT AN—L LTI, S5E:
Self-Scheduled& U T &S
QEEBEH LU Economic Max.: Economic DispatchlCf€D ZEMTITDmADENENE
Regulation AfLR] | Economic Min.:Economic DispatchlCfES ZEMNTERINDEIESE
HEEEEH% : RegulationZ ARLETRERSRADEECE: )Y —XDEFEIC L D)
Regulation Min.:RegulationzZ AL AJgeR s/ NDEECGE )Y —XDEFFHEIC L D)
MW Economic Max.
| —at
~ Energy Regulation Regulation A¥LAI&E
Disparchable AHLeTHER £ 8 %
Regulation Min.
REE SRS Economic Min. REF IR

X{RIZCDispatchable RangeZx#X% TRegulation Max./MinhBEREINEHBSE. Economic Max.E7/zI&ZEconomic Min.®ZNUADREELL LVHEIFIRHEIC
FOTAMAIEEENRFHEIND, MIZEco. Max. > Reg. Max. >Reg. Min. > Eco. Min.OBFEEZXLHLTCWLWBNR VY —XBFEICIHU TEBRDETEHAETH D,
HFr) PJM,”PJM Manual 11: Energy & Ancillary Services Market Operations Revision: 126 (Effective Date: May 31, 2023)”,p.85, 2023F3H31H

PJM, “PJM Regulation Market”, p.4-8, 2018%8H10H
PJM, ,"PJM Manual 12: Balancing Operations Revision: 50 (Effective Date: November 10, 2023)",p.41, 2023F108 108 &\ =M AMITATER
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RegulationDIEAZE - HNEIY—ADRE B

o ERNIEAT7F—EK(BEMEEISENME)IC. RegulationEICEDHENTIBE TOEREFZEESETUZ{EEXRankeE
U, RankDEEHENFZREEWIY —ZADS XY A —F—BICHEIY —XERET B,
> BEAFEFECK) FPIMARERRELERICEEL. RankiMEICEEIND,
XREFBDERIINENIER - WEMBEEE - )Y —IANDWMAOBERICEVWTENETNER D, F#ldp. 19888,
e BEDRKIEENOVY—REBICNIA—VYIREB(O~1)NRNEEIN. AT77—MRBS LU REKFEZ
NITA—=V I RETHRIEICELY VY —RFIICRankDEIERIEZITOTCVWD N TA—V I REMEVN(DFRY, 0IS:EW) (F
EB<HEIN.NENIE LEIFIFFICRSD,

I RegulationdHEWEBICAVBRankDEX S

_ Capability Cost Performance Cost Lost Opportunity Cost
Rank = (BRI + GSENHTE) + CREFS)
N ) N )

497 —fEREIC . ST 4 — 2 RETHT T TRIE P g;@ﬁg@ﬁ;ﬁi .
I RegulationD#E s ENDEZS GREFBOEMIED.1958)
Jy—2 ‘ AMRTF—9R | NTA—XVRAME | DEMEE | SEBEE | 2R — Rank —
UI=ZA | scneduled 1 0 0 0 0 0 BEBEHET
1))—2B Available T 5 2 T 8 8 > i:}cfiiﬁgi n%fw
1)y —2C Available 0.8 5 1 2 8 {EQ%ESZ% HEeIUY—ZRE
IJ\J_Z -

HFf) PJM, "Regulation Overview”, p.28-32, 2022%F3H22H
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PJM, “PJM Manual 12: Balancing Operations”, p.50, 2023F9H8 208 &\ =ZH S HZTATMER
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