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npdmethod2* (Sequential Iterative SCED) HMFELTLSIAIL. method2(Z. 2005F LDEZAED
OSvIB RN REN TV,

B HARICEVWTE. KPIMEIRRIGTEERIORENELREEZSNZH. B EHESE(C. REANGEE%Z
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DO TINRETEZITIIET, method 1CHATS~7EORE TETERIEET, DU TERER(CAITBODYIDOTRIBINTUS.

PJM [Optimizing Hydroelectric Pumped Storage in PJM’s Day-
Ahead Energy Market|&Dik#%

g/ Method 2 — Sequential Iterative SCED g/ Method 2 — Sequential lterative SCED (SIS)

+ Sequential Iterative SCED (SIS) method was developed to use System LP Problem Local Pump LP and UC
decomposition techniques to speed up the pumped hydro optimization

- 5-7 times faster than the GSS method ) MMBPMLWMM&
e e O * Solve the system SCED dispatch problem one unit at a time

— Better improvement seen on tougher days sequentially for each hour «  Maximize the study pump unit's
— Room to add more advanced features «  Maximize total social welfare daily profit
+ Sub-hourly time step T * Assume LMPs at terminal buses are
* Assume pumped hydro injections fixed
« More energy storage resources T Ixe
_ Sld LA «  Enforce pumped hydro model
System Problem F?'”gl'e P“orEP St‘_m'_ +  Produce LMPs at each pumped parameters (capacity limits, SOC,
Objective: Maximize Mo e et hydro location etc.)
Social Welfare ot + Enforce minimum down time

v between pumping and generating

@ gﬁmgwﬁgﬁﬁm@a HFr) PIM [Optimizing Hydroelectric Pumped Storage in PIJM’s Day-Ahead Energy Market|&DiR#:
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X% Al —ATld10~2553 TREFRIHEIN, SKEENHULLY — AT 1B R L 28I 26855,
31)Jm Pumped Hydro in PJM

» 5 Pumped Hydro Plants in PJM
— Over 5,500 MW of generating capacity

* Pumped Hydro Optimized in DA only
— Optimized over 24 hours

— Objective is to maximize total social welfare

- Ogtimize energy and ancillam service hourly
|sEatc

— Guarantee profitable - protects owners from
losing money when LMP deviates from

forecasted
3,003 MW Bath Country Pumped Hydro, built in 1985 in Virginia
@ !Z’E’*M,ﬁ‘ﬁ!ﬂ" EFT) PIM, " Optimizing Hydroelectric Pumped Storage in PIM’s Day-Ahead Energy Market” (2020565238) ZHEIAER
octTe | remmOwhedl hitps://wyow.ferc.gov/sites/default/files/2020-06/T2-3_Giacomoeni_et_al.pdf
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B KPIMICHIFDkWh - AKWEIRF E@EO > w )&, [#ERIIIF—ER - [MERRICHEEMIE] - [ AR DHER
B 10GETIAN (HEE) Ze/IMEd30>vIERoT0VS,

B O35, SABNEERER IOV TEEmEBICME (ALL) BEERIBEINTVD.

[EEtE Ca/IMEI 28R | FIHREBRIRIF-ER. MSRICHEEME. RAEHERIANDEST
MINIMIZE {Resource Energy Costs_‘z

z Energy_MW (i) * EnergyOf ferCurve(i)

- Price Responsive Demand Value —
PRD
+ i XAMEIBROTIAFAMWERS
Import Transaction Cost MISOL DIZ=4) Z PRD_MW (i) * EnergyOf ferCurve(i) (A8 D EORVEREDIRE.
. (BATHEMERL) | POLRBLHREERZER)
- Export Transaction Value
_ SRR E R
+ Regulation Reserve Costs XERTEIC, BTG
RegResource . =
: Regulation (R FEROREN
+ Synchronized Reserve Costs Y. Reg MWD Regoffer() Regaaon (Reg) Rooulation)
+ Non-Synchronized Reserve Costs _ ‘ Synch Reserve (SR) ]
2, SR_MW (i) = SRof ferCurve(i) 1058 - SEnE s
+ Secondary Reserve Costs NSRResource Non-Synch Reserve (NSR) | BEE0OHEES
NSR_MW (i) * NSRof ferCurve(i) 10958 - IERHFER (Reserve)

+ Various Applicable Violation Penalties™} | .czrimouree Secondary Reserve (SecR)

BRI\ ER XEHIK Z SecR_MW (i) = SecRof ferCurve(i) 304y5&h |
EREFORFIT/IEE i=1
@ Eﬁmﬁaﬂﬁgﬁﬁ%ﬁa HiF) PIM, “Energy and Ancillary Service Co-Optimization Formulation” (202256H1H) &bk
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u §|<I0)575 PIMOAZ HEmIE. K&K, FERFD (59 B Regulation (Reg) &, BEEED
BIRBGECTISI B Reserve ll[C3h N3,

m EL. FReserveJ(L(at BIRATE(CEIRR(CXT IE T B Primary Reserves (BRIORMIERBGE TSR NSRIC
PHIND) 1. BIREREEDERGREFS9 3 Secondary Reserves (SecR) 103D0mE&EM®H3.

O Regulation (Reqg) : L¥1l—-33avEm (FERFOIFHEIRNZEE))
O Reserve : Fhmm (BRIIFOEIRMKE)

Reserve Services and the Reserve Products that can satisfy the requirements:
Reserue Sergmes 30-Minute
Each service carries a reserve Reserves |HDay-Ahead
requirement and has an ORDC 10~305} 58] Scheduling Reserve
I oo (DASR) (&
: Secondary Reserves
Primary Secondary (SecR) (CZEE2nf:
Reserves Reserves (SecR)
1’;}#’-'}’;;;” (Response in 1-10 min) 1~1053 I Eh (Response in 10-30 min from
R \[ . ] JERIER on and offline resources)
Synch Non-Synch Reserve Products
Reserves (SR) Reserves (NSR) Each product has a market
and a clearing price
Eﬁmﬁaﬂﬁg?ﬁﬁﬁﬁﬁ {7 PIM Manual 11: Energy & Ancillary Services Market Operations Revision: 122 (2022€F1081H) &bik#:
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GEEIESED
A. Power Balance Constraint : ©FB#8IN5YA (KkWhFEHLINSVR) I
B. Transmission Constraints : @XEE =T
C. Resource Capacity Constraints : UY—ARTOEEHIK 7
1. Resource’s Economic Maximum Constraint Limit
: KWheéAkW (EIF) DS EmEERER BN
2. Resource’s Economic Minimum Constraint Limit BUY—REEHIC
: KWhEAKW (FIF) OEFHHRIER IR EERZHH L L
(B& -HHZEISE)
3. Resource’s Reserve Capability Constraints
: AKWHIZEEE D RampRate (HWHZELE) 2HHEBEUEEMURLRSHIY
D. Resource’s Ramp Rate Constraints : UY—ZADHHZE{LEFIF
E. Reserve Requirement Constraints : @iAZEENTHEHR (AKWFEHRNTOR) B

@ %ﬁmﬁgﬁﬁﬁﬁﬁiﬁl;ﬁ HiF) PIM, “Energy and Ancillary Service Co-Optimization Formulation” (202266H1H) &bk
ransmission Operators,JAPAN

occTo T https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx



https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx

ZEEBRIOENEZENAOIIE (FFiH) 47

B SRIBINTSERIAFNIZEHEBIROHDEINOMICOEE CHD. HAZBHILIT DIHDRE %
EDLITHERT BDNELOIZRE kKWh - AKWERFFRBOSYI DR M - Z S MM ICREUSS.

B CO&A. KECHBITZBIRTFAERZEIS (AKWHER) EUT, —BM&RETFOERBHIN. —FEDOEIRRSEE
BiU. B2FHEZE S (Reserves) OAZEEL THEIR I IEDMEAHXHEHSN TL\B,

B FIXE PIMCBVWTE BIRENEOAMEREZ2ZOLERENEOTFHHEREE ZEEIDRAEBNELT,
ERCOTICEV T, BEIFERBOPV - ENEEBOTFRREREPREMOFL (BRE) EEZIBEEAL
HENIELT, BREROVBEEFNMNEITIDOTELRL EFEROIEFRANEEHRITSIELELTVS,

B INSBHEHIFESEC BEMEBIROLENEINOMIEEZD. HESDOEROREVDRFTNMRE,
KINBSOBMDAHELYNT, FHIEHZES (BRBTSIELOASNL) BRI BIAT AR EEHSMBHETONTLS,

Reserves

(GF) (LFC) Spinning Non-Spinning Supplemental
(FIEAEXR) (FERIEAER) (FirfeD)
PIM O
ERCOT O
NYISO sn)

S (R O : BIAPREEECHIEU TS

0CCTO




AN OERLEEFAICKWh - AKWEIRF @0 >w) (FREEDESDHTF) 48

B gRROESD. [ 1 . BHNEERICEQISREREBEEZEDADH I I .HHIZA4ELT (BEREXDICENET)
AZER I N LT KWh - AKWEFESREOIYIDEIR S - ZHMENKEENDEDEEZBN. ENSICOVTIE
1REEB (MASETE S ECEIDTIFMSEANDRZEDIREE) ROSNGRABRHOERRBEUIRET (ZEIMEBRIR
DODEPNZEZINOHISED. ) F28U GaimzEHTLVCFTE.

B CNSIREHERNMESNBZETILEI—EDFEZET B NS, BHIASCUCY - ILONR—-RAET I TOEIFERE
O>vI(CHNTIE, £, AEDIOVTE., BEMNAEMX DX T, i, Three-Part|gik (EHE - &K
HHER-BBREH) MUAOMIREERRL T, MMMRIEZ1TV. —EDIRFIIERMESNTBEC(E, BER
AKWOE RBIEEPOHIFNEASEZBNNT BEVOEHAINA A %{ToIc LT e TEEIRKWh - AKW B B &
O>vIDOERIF M - ZH M FHmEITIEELIL,

X FAw717%. LFCRREII2% 2 R,

] (&3 B ) S EE
[({REEDEESH T A A—T] AL BTG
2N DEFEDIRT (1R3TA] BIEHEH) - 7

A Oy I4iAR51E

{ NRIRARET IV }

I

| RNBERXS IZ> R—ZET

| ALl (mRHSCUCY L) ||
I

B e o e e e e e e e e e S R S R S R R RS S R S RS S R R S S R S R S R S Eee .

FAERENDES X [ FHEE D DM RV TIRTTED
B UARST* BRI (CRI T BIERED | LiElE
RIEURE (BEHFER 62 S1R)

ZFMBIROLNEINOHEZD




4. ERFHIZOHOOSYIDOHAILAXICDNT

— 4., IIAT>1-)LESCUC-SCEDO>YIEDREFZRE

@ B E R R
oo Trans‘rﬁl’sginnOpearatm:;:JAPAN o
0CCTO

49



CIVIAT>1

—JLESCUC-SCEDO>YIEDREf&RIE GHilll ./ 4)

50

MIZDI AT IMNEDHETEKI DEDZV, TEDAILEBE S EFOFFHMERETICOVWTIEISEE:

NBTINITRTS 31— )L%/}?(LEBL\'C(I [RAER OIS N HIZMRLOSMAEE. F

BREVBADZ-AENDIEEABND.

Sz A
oo

FIiE,

I IRTT1-IVEIRE(E, REEZBEH THESELVEIRDSS. E0HAILITDEORUTIHZINCTEEIL

HEBFRACLDIMIHZTO

RHUEESR Jﬁ%’&‘?h&btﬁﬂﬁaﬁﬁo)ﬁ{*ﬂ‘]nﬁbﬁ (%)

!ﬁk‘)b\t\ FEM'C‘ ﬁt‘“ﬁb twﬁt B‘"ﬁt Ec_tt'bmi\

[CZEBECRWEETBIEN ATEE.

Bl ﬂfzm(Ltw‘tonfﬁi%%’x?ﬁb‘ﬁtuh\uuui mawgﬁagiz RR—TDIBEDEED. BT
3IATLNOEEPIAN, BEBNOEESEHRENCEIEL. SERFUTIKTENIVE,

| LSS T WO—| U 2T — W 1 O—

NERRBSTEL T » AERBTEOSATANE
EREREIEET S5 E ALBHO—DLLTRSS BOHBBTELERDS

REBEEZHBOEDER <HiBHE>

[CERFER £ +{fi48 (Three-Parti&#R) TAAL
- e <miBHE>
< >
REBE | grmEs = AL EG;'?X%L
M. @ [ e —— it
EELEL DEMETEES <FHISHE> BOHER
i £ +1fit8 (Three-Parti&#R.
EAEHE) TAAL

(%) WThOBRICOVLWTE. REBS0O—32B#HTHEE
S BEHIBOYNEERICENZZAEHIS.

(%) HizMi&%8F/kwh, Bai0iE
X2FIFEZ12B/kKWhET 3. 29

AR SBARIHINEHEN TS, BIHABHSERUTGERORRICEOIRBREIFEEIS (2023F1A31H) ER4LDIR

https://www.meti.go.jp/shingikai/energy environment/oroshi_jukyu kento/pdf/004 04 00.pdf



https://www.meti.go.jp/shingikai/energy_environment/oroshi_jukyu_kento/pdf/004_04_00.pdf

I IR 1—)LESCUC-SCEDOSYHEDBERE GEM2 ./ 4) 51

B [ HINSHEN TG, BIERABRHIGEMURGEROERIRICHICEFB R EEEI=] (UTHEESI=1E
W3, ) OHWDFEs (2023F4H25H) TE TSOMERTETRVETORFELVEX (BIREL) BEE
g LBETHIEMETREN. LUTFOLED EHOEBREZUVEZDEMBREINLETS.

ﬁ RR=IEMDESD, ZUBABEDEIRICOVNTIE, Three-Part F¥ke A4LU. Fﬁ%’@%‘)ﬁﬁ&
ACD PIREREIREL THWDIRS . MiZEEBNFIEOSYVIICAEV, COEBIFENMENDITDINED (8D
FIEITDINEDN) ZRTE.

XEmEMEELEPTUNT I RET LORDIRVVZEIRT ZCENBETHS,

@ RR=ZOLENETEROLED. RESEANBH CREELZEESELVEIRCELE RS,
SERICBEVANLZITIIZS . BEVWAILLUII3EREENE TEIRI D EZRDHD,
XETEPMNRUARVETEEIEEHDIENS, RIRAIREMAEICOV T, BIEIREENNETHD.

@ RAR=JIBIIBAILFEZHVEGTE (FEE) Z170\. NEMigzEEIEZ LT, BGIC
ZUBZ0EEZEFRIE (RBIRSGETEZRRGRESESMA-T) ( 20, TSOOTAIFEZ
RWETE (B&ED) 2170 BECSU T, BN (CEIROEEIZ1T.

@ EUEZFBROLNEORINCELSD, BIROIFLEFEZHR,
MAEREHR(CHVTL [@HREFIEOBR RN SMORICLENRZESEITID TRV LV DR R D BT,

Okt

0CCTO




I IZTS1-)LESCUC-SCEDOSYA EDEAZRE GEM3 / 4) 52

[BIiE] (AML1T78h] FEBEEN L IAY S1-NBREELBRSE 3
RIROIRFREA PR FERACENALETIRA, BOALLITEE OEVAMLDELEIEE @ELMLIELIES (EULE
10MA/kWh 12F/kWh 100KWhX 10 NI s1— ) EREEhE CER. (ZEUEBZRMES) Z55E)
e ————————— HE /kw:'cvymmn:ﬂt hig TE/E (KWh) TE/HE (kWh) EE/E (kwh)
» r
BROAh N
ERERLNENE 100kWh 100kWh#y. EDdH
SATREETEE0 O zeaascoRy - 4 4
(;3?;1[;“ ELEBAL AL (mbhiﬁ‘] - S P % %
TOONESENRITE. £ e %
T REERE = = =
[RiBMiEH 14/ kWhDIBES {Hiiiﬁﬁh‘”sﬂ /kKWhOIES
=>EREVEAET] =>BRELEZ]
m—— - AF/kWh BT EE
- - bl T~ ‘ - —_ =
BHOE o L2/ i X 54 ZLEBEINREHRLEETOBROZELRZRZA
EERE - =~ s/
—— — —
RE (Fug] Fi‘_;’E] ARTE] 5 gopwns. 0w
- EROBFAR S0OEN S (HEEAHET D550
T00KWh 10F3/kWh 12F/kWh A4l (BRD{TERN -
_ : — L L E) t‘ Fﬁiﬁ
OFIZERBIIENTED (BHEETMHE /KWhTOEWAZL
TUEBE. 2/kWhBOFIE) . ZRISCITS
BROEN
653 WHIZBIT2EBROZELEZH RREFIDE L 100kWh 100kWh%. BO%
SHDBBECEI0 R HIETOEL
THIE, EUBRA AL (BRDITER
FIONEIRNLITE. i)
(i@ D 14/ kWhDIES [RS8 H 'S/ KWhDIZE
=>BRELEZET] =>ERELEZ]

4F]/kWh

‘—
-~

e
8Pk,
100kWh
8M/kWh
SBL

2F/kWh

100kWh

TS TOEALERFEZ R TV, BHERFELE.
TS THEALCEOE ZOBERICARTEL TS X2, 32

100kWh

AT [HAREHE LG, BRARETNISEAUEREROERCETEEBRFTEEIS IBDELS (2023F4H258) L0k
https://www.meti.go.jp/shingikai/energy environment/oroshi jukyu kento/pdf/20230425 1.pdf

R GRE R SRR ) EACBINSHENTE. BERHEDSRUBRERORRCHIERBREEDS (2023418310) BRALOKE
Transmission Operators, JAPAN https://www.meti.go.jp/shingikai/energy environment/oroshi jukyu kento/pdf/004 04 00.pdf

0CCTO


https://www.meti.go.jp/shingikai/energy_environment/oroshi_jukyu_kento/pdf/20230425_1.pdf
https://www.meti.go.jp/shingikai/energy_environment/oroshi_jukyu_kento/pdf/004_04_00.pdf

CIVIAT>1

—)LESCUC-SCEDO>wIEDRFRME (4 ./ 4)

NYISOD{tHAHENFITIFRAETREULAEHLOLERD

o [BEVAIN—TJILEDET, tRL2REBRIA>TVIEEE

EEDTATYTICHITBIR

ﬁea,ﬁo)ﬁﬂi*%@ﬁé’ﬁmol_b\ ?F’J;:E{Wf%@fkm’&’_ﬁﬁzﬁj ({ IR OIER S

O (P13%ZZ28) ) LHE
%H%tlﬂﬁ([%iéitb*'@%éo

BUAMR
Nn-JcE
bETEIR
SA4FY
&8

ALEETHVWEGETE

ISODFRAIREZAVEETE

[

KT
LT
S0zt

BID LOAD

. PASSA1

| 8CUC Solves for Bid Load, Virtual |

Load and Virtual Supply

Virtual Supply and internal
Generators are evaluated to
determine Gen Set 1
Gean Set 1 also includes I
resources committed to meet the
defined NYC local reliability rules
as well as units selecled as Day |
Ahead Reliability Units

| PASS &

| SCUC Solves for Bid Lead, Virtual |
i Load and Virtual Supply

»  Units in Pass
meet bid load
+ Pass 1 GTs are forced on, all |
ather GTs are forced off o+
(dispatched at zero.)
« Generators dispatched in Pass 4 |
that are not needed in Fass & |
will be backed down to their min

4 are dispatched fo

gen and will not ba able o set
LBMP but will get the Bid
Production Cost Guarantee
(BPCG)

« Day-Ahead Clearing Prices set |

E ternal Bilaterals, Virtual Load ﬂ'

FORECAST LOAD

| SCUC Solves for Forecast Load 1
{wlthout Local Reliability Rules (LRR))
Gen Set 2 is determined and includes
all units in Pass 1 plus additional units
to meet forecast load
= Wind Energy forecasts used to

schedule intermittent resources that
depend on wind as their fuel

)

« Not Currently in Use

| PASS3

PASS 4

| SCUC Solves for Forecast Load
|« Units committed in Gen Set 2 are
dispatched

TSOEEREICSDhESLIITGEM
EEETS (BR31>TYIOHE
E)

(@=1]

. COFR. NYISONDJISCPass 1&ESEL.

EBIRESHFERITICENEZILNDS.

« —F. ZDIBE. Pass 21 ZEdi5
& (TsoOFHEEDHaENZELIZER
- HOHIE) ICEEAYSIAMEX
JBulEetths.

« CORIE = EROHEACSEDEERS
ARBHET DEEEZLNZECA. Pass
1¢Pass 2 CEDIEERCEN T Wb E
Miidh P EMigL NEERETS
[CABUEISSORERETDRUL

T. NYISOEOH4HHES5(CTHh\

BAMB O HHEHZ BRI D ZiRE
IIHLENDD.

“‘kﬁmnmﬁ

16

@ zjau;ﬁmsimﬁaaa

0CCTO

Trarlsmlssinn

Oper

.JAPA

AT SE4EIGHINSHEN TS, BIERARHSRUBIGERORIRCAITERBIRFEREEIS (2023F1831H) ER4LDIRR

https://www.meti.go.jp/shingikai/energy environment/oroshi_jukyu kento/002.html

53


https://www.meti.go.jp/shingikai/energy_environment/oroshi_jukyu_kento/002.html

LI T2 1—)LESCUC-SCEDOSYIEDEBIRIE (MREEDESHT) 54

B F9. P51OEDICDOVT, P.13WP.18DESD, I (NS 35KICODWVWTEITEEELRUTT —HMERKICETF IS
FECHD., CIWIRTZ1-)IEREFIIEFHKNE (BEEMESH) (BEESNDENS, COKRRETOSYI%Z
FBERU. WREZITOCEFTTRNE, EOICHBIF B EUVB ZDIRIEZ{TOTL\BEER D,

B RIC PS10OREQMIRIEDEHICIE. N 1HKZ2EDIRE LI IR 1-)IVEIRELTIEERET ZH°, ZUEZH
DEWVWAILMEZEDIRE LT INERDINENHD. AL, BECEIRMHERZUCEBOHIEIRICDONT|
T IRTD1-I)EIREVTEREU LT, EROEBET EREEUVIE TEVWAILZESEREENEZBN D, FIE
FEUVBZUROEBFRZERMEDILT, N 5KEZHMRIC, REBC—TEDEISGTEIINIZRTS1-)IVEIR
EUTHRIEFT DLV EEDEE ZBN S,

u ﬁé(L PS51OERIOOVTE. TAILEEZRHVEGETE (EEED) Z170\. fIEMmgzEESE3]. [BGIC
ZUBZ20EEZESRITS (RERFEETEZAVR(CIZELEIE2/X-2) | [TSOOFAEEZHVETE

BEIf) 1TV MEGU T, BIIMNIICEROEEZITI 1EVOEZEEOTOTANH 218, HIETE
DAE — ROEEEDOEFZ WG, TNICHOSTTEHEGAORES | B2 OR SNSRI ED,
B D EZBFXARIACBVWTIE. EEBOIRYKRU2IRYNS, FF (IR T EDD,

[P.51DEDDRIEA A~ ) [P.51DEQDRIEAA—]
1 &l FE, I &l FE
< > > < %ggig;ﬁ; T
Ny NGB :i BHOAMLIRE

» ! [
Ll »

L gy KWhEBAE - {-------ee- L TERE | e 59N
(P15 A) 2 T~ (P AS) oy L £33 ™~
BEIEDH. E : =R E |
LB zm) © @] LA ® @]

o S T AN 3 peE AR T AN BT
5 MUEBREVEHE (BE55) R, TEME FoNECEEETIENS. TSODTABBLMAEHE (BRMY) COERECOVTHRIINNE,



(&%) F38 HOEM T 285K EOBMRME 55

B 5K (BEJY-R) ([DOVWTE. mIBEEB(CLZERLITR, RESEENBSERITZLEEIRTES
HETHAIN, FOHTSORTERETETEINTORVEEIEDS. RINMENZENTE (K& HMREICEDT.
TZEMRIEIZEZELITENEZSND.

B CNBIHIET35EELT ZEUBZRAOEWVWAMLEEER. BEVWAILEISREL TIREET 35 ENE ZBNBECA.
CBEB(DVTE. [EVWAMLZEEUSCUC: SCEDO>YY IMREEEEURNSAREEZ1TOTUK (K -FTTED
BROE WAAMAS DR TE 73 7E(CDVTIE, BIRIRETHIE ., HIX (L, A& SZILT—AENENZIERE T D755,
HIVNIERDMIEZREL LT, MAENETEZEIL., ER2MERITIEDIEEEZIBNDD. )

(RSl EVEE (5K FTELERE) ] (GBI Z VS (5K FEEEEL) )
1 =L Fi& 1 &L &
< > > <

> >

KWHRESAE oo e BB KWhEE |
(it fits) g (FAAEAR) |
IR
@ @ § TT1—
L VB ‘
e e IET HHAR AT
N3 &R N3 B

Okt

0CCTO




4. ERFHIZOHOOSYIDOHAILAXICDNT

— 5. XRERHIFIOEDIR

@ B E R R
oo Trans‘rﬁl’sginnOpearatm:;:JAPAN o
0CCTO

56



SRitmlFIOERDIRGY (GE) >/

B SCUC-SCEDO>WIICHENTE XBFEH N EZEZRIDILNS. mBElbDdiE (FMEMFzimeddH) T
EMIEMTONSCEERD (LUTFOERNMERICRZIA-2)

B —5TC GBS CRPIMSEF) OXEBFEFFITE. HFTEKWh (BENE) OH2XBFELUANITHIZS
HfIEIROTHD. COBE. RBFERNeZBULREL CEMUIE) BTE BHRRICHDIAKWIIFEED
HIRZ2(T55RE (REBSCEEMI’FEETDICD. BB TERVHIK) HECSD.

(EMBLORER] (70 : ™\ (kWho#Esemm] [ )
AkW
50 50 Bt
/E?LE AkW i
30 LEA 30 1 ZUEEL=,
BT B
150 MELS 150 150 - N 150
130 2B 0
1004 - - - 1--~-|100 100{--~t 1
RE | | & RE | | B e = RE | | m=
SRR IERMER SRR IERM R

@ Ewﬁmsﬁmﬁam

0CCTO




(&) KPIMIZBITAEEREFIF 58

B KPIMICEIFBKkWh - AKW R i b 02w DX BHEEHIFINC(E. AKWOBLEBICBI I IRNRANT

(KWhUDERELTHST) | BIR—ZOLIIRTLCRDEE ZBND.

0CCTO

AKPIMICEFBERFEE L0y DX EBHIFICEE T BHIFIT

B. Transmission Constraints

The transmission constraints in SCED ensure that the flows over the monitored transmission constraints are
within the applicable limits of transmission lines.

n EE importTran. fBISONSDZES
Z Energy MW (i) * DFax(i, k) + Z Import_Transaction MW (i) * DFax(i, k)
=1
ExportTran. BISONDIXEE prD  HEIFIE
- Z Export_Transaction MW (i) * DFax(i, k) — Z PRD _MW (i)
=1 IXEAHEE

* DFax(i, k) < Line Limit; for V k € active Transmlsszon constraints

X DFax : 9kt

Eﬁmﬁaﬂﬁgﬁﬁﬁﬁa HFr) PIM, “Energy and Ancillary Service Co-Optimization Formulation” (202246H1H) &hik:
Tranamiceion Cparrs APAN https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx



https://www.pjm.com/-/media/markets-ops/energy/real-time/real-time-energy-and-ancillary-service-co-optimization-formulation.ashx

RimlfIDERDIRVY (FREEDEDHTT) 59

B FHROLSIRT (B EREEMAKWEREFEIE) ZEET3(C(E. FIZEkWh (BHE) OHRS5T
AKW (GAZEH) £EH TEEBF=LUAICDZ2EEST=HH (HEbO0>v)) E935E56EZX35N5.

B COIORTTERCEIDFEEFFIFRAKWOIRRAIIFH T EEZISNDZE00. BN TEHAINTLAHIIERZ TSN,
STEEEEASHORENHILIEREIND,

B O, XBFEHFIZKWHIZITTRAKWE S OXEBF=LAARE T 3FIFIEUIIZE DI RIE ST Ea T
ENGZBE(DOVWTHEEBAREEZITOTCUKIEEUTZLY,

B — 7. RIEMBIAISHORED B FSNIERE. KPIMD LS. AKWHERIVZ O3 6067
NTHREITIEM (AKWREFIE) AOMISHFEMNE(CRDIEEZEZSNBENS, EDHZEANDIIHICDOWVTE,
RARDOEERBEURSTHCEDE. fTU TR ZESD TLETZL\,

(KWhD#iEskmim] [~ R (AKWESHTEMME) [ N

50 ——— SE 50 = = — —
1 1 IEGH
| AW L o SR
30 30 NS
E P AKW T
10 !

/’ \\ //' AR \\

150 - = = -
, 14 FEB 150 150
130 AW ¥ e 190 0 W 1T 14
i B 110 !
1004= -~ 1 1001---F
el = RE | | B2 ®E | = RE | | B2

EHERHR IEEMERIR SRR IEEMERR




(%) KPIMIZEITS AKWE EZ & L7 TR ML e 60

B KPIMOEUIR(L, XETEKWh (Bh=E) OHFZBRELTHED. BEMRRICBVWTHEEFHIENNHIBAKWIE
ﬁrjé(_ttt*éo

B CNISTU KPIMTIFAKWOREFIPRZEURVLIICT B, (BREFHENSVERIAFNDS) EBHHXELR
ZIERIC (2~5DF2E) . AKWOHERIU7Z#I2EU. Sl bUIRIV7B(ICAKWEREIR I BETH LU TUL
BEEZBND,

B 2L, CO&DBMISEEDIELTE, Ml LTV T EMFEERSNCAKWRE B HIFENEU D O] EEE (LD E
ZZ5N. CNICEDIDICHIHELTVBD (BXTWSDY) (COWTIHRTERER.

PIMICEITBREE D IEROTVT XD ISO-NE(CHFBFAE I EERDOIVI XY

RTO Reserve Zone

Most Limiting Interface Reserve Zones and Load Zones

VT, NH, ME, RI,

IIIII

NEMA/Boston

Mid-Atlantic Dominion
(MAD) Sub-Zone

HAT) PIM, Reserve Market (20165E1286H) &hikik
https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/reserve-market.ashx
BAILEREE AR HiFfr) ISO New England, Key Grid and Market Stats, Maps and Diagramsd&Dik#%
O mrsaon st AN ! https://www.iso-ne.com/about/key-stats/maps-and-diagrams/

0CCTO


https://www.pjm.com/-/media/training/nerc-certifications/markets-exam-materials/mkt-optimization-wkshp/reserve-market.ashx
https://www.iso-ne.com/about/key-stats/maps-and-diagrams/

i DIZHDOSYIDHAILA XICDUNT

4. [E)BFT

— 6. EEEFH IR AIEAMMEEED>YIDORRET

@ B E R R
oo Trans‘rﬁl’sginnOpearatm:;:JAPAN o
0CCTO

61



EREEZOLINGZE (REEEE OZE{T1Y) 62

B iz MR CBVTE EFEPHRELEHDERICEIZLNTENORmEMEEL GEM&IR) | MREEB (g
BEDOSECEIZTIGMIBRZIADRLEDIRIE) OFTE, Uplift (BINRNEROHIE) OLE(CDOVWTER
9B3FTE.

B 20T, RICESES#HisMI&ICRERTS (Upliftz el gERBRDIHST) EA-RBRIE. MgEEOSY)

(SCUC-SCEDO>w/tEfEDOOSYI*) DAENME(LRDEEZBND.

B 201z, BREEBENATU T, AREEA (BIREE) - B AORC D OSYIDRREE) (CHVLTE. EENEZDEIINGEIC

DVWTHREE « ®EmZEDH TLKTEEUTEW,

% BIFEE) - HHEDZOEDTIIRWN, BHEEEICHWVTESCUC- SCEDfER%Zt(c. BEMBEEIEDIER (SvRITSM4R) 2R2IEN DDz,

B) M&EEDAEIC LTS MEZADHEDRIT

o {EEICHVTE. MBETECOVT, EFHETLHRELEHER. AKWEDOEIRL
FEIDOVWT, BEOEZIRRUTLZESA,

® FARIEICHVTIZL, [LRIFHEE N G LERD, [RARBRYLCEEERTOMISETE.
AkW’&%FEbUﬂﬂ%%E% %Eﬁi@ﬁﬁ*%%m’i%ﬁﬁb BHEhiEhiEfignFE
BEPRSTIUTA AULELET 5 FES5h.

o | NAT. EBEPRELNERICOVNTE. BFNORROFE. KEOEH™T
IHCHVTE, Uplifte WO RZ T BINIRNEBZ#IEL TLSH, ComUURNERN
EOREFEITING. MBREETEOREICEVTEEREBERLEASNS.
Zolzs. BENEROZSEIOVWTHIREIZTOTIEESH .

HAr) FE1LRERMHISEOEDSFCEI 3185 (2023F883H) ERSK DIk
https://www.meti.go.jp/shingikai/energy environment/doji_shijo kento/pdf/001 05 00.pdf


https://www.meti.go.jp/shingikai/energy_environment/doji_shijo_kento/pdf/001_05_00.pdf

(%) KPIMIZBIT Ot R ERD v s 63

B KPIMICBWVWTE., BIETERSNCZENEIE (RAC-UZIAA LATHhIE) ([CHBLT. SCUC-SCED (EBIFiH) -
HHbe) #&R%Ztlc. pricing run&F(EN3SCUC: SCEDO>Y/EEREDOSY) Clt& & E % EhiE,

[EuE 5] dispatch run (EIREH)) SPD “Scheduling,
. '————— 7777777 | Pricing & Dispatch”
o REBREE || mREmOB0 |
(AMLE) L Coroet |
RSC “Resource Scheduling e | - pricing run (& EE)
& Commitment” (SCUC) RERIES | | A0 : LMP
= o-opt >
: (fast-start(3#CENE :
) FIAFH TEEGED) I
1
[RAC-UZ 51 LhthiE]) dispatch run (HH7BCH) #5277 (Regulation-
_____________________________ ZEMDRRLReserve)
| |
3-Part FEpAED | sgwo | ASO-IT SCED ! DR
Co-opt 4 > 3-Part® t
(PIMTHIEE) ! Co-opt :
: RT SCED |
“Reliabili FBIED — FBHHN
RAC “Reliability | L o scep : =%
Assessment and I , |
Commitment” (SCUC) e iEE) :
FEERLRREY IRRBADHD LMP
—> Co-opt >

(fast-start(ECENE
Eﬁﬁﬁﬁﬂﬁ??ﬁﬁﬁﬁﬁ FIAH TERERHRAN)

Trarlsml ssinn Oper .JAPAN

0CCTO



EEEFN NI MR EEO>YIORET GFlll . 2) 64

B KPIMICEWTIE, Three-Part Offer (EEB/E-BEMER*-RFAEM) ZRHVRRSELICLDFEER
OREMSLEETE (SCUC) ZIRETDLLBIC, MiHME (LMP) OBEEDHIC, [ZAFTLAIRINF-T31Z]
ZRSRE(LERNS. [FHE (kWh) NSOZHEFISHIET DI RITIARICEIDBEEL TN,

B [SvROTSAR LR HEEEBICEVT. FE (fH8) M C1EMIBR O BRIBEZDBEINE LD,
fEoRM (CHRMAPIERCHOIIBRFER RS, (=FlIR4BSR

S 1w\

X KPIMZEFT(IThree-Part/§#RO— DL T ARHHBERTHL BEFRERZSIHRIEIHSEHD.
EELNVEEFRIENE, iR FEROEFRIEECE DA ERZEIENTIEE. (SFRlIRESR)

= % What Part of a Resource’s Offer is Used in LMP? i LMP and Uplift
fidel: )= EBaEER PRAEH
Three Part | Startup @ No Load @ Energy @ Costs not included in LMP may be recovered via uplift
Offer | Offer Offer Offer Curve
° / . _For resources that are “out of the money”, any portion of a resource’s
d incremental cost that exceeds LMP
...—-/ - Units that are needed for only a portion of their minimum output
& — “Inflexible” units that are needed to serve load
FEHIEFIES

Generator start up and no load costs / DR Shutdown cost
Used In

) §/Hour g]MW
Commitment
Decisions / / I
Dispatch and } VP \/
T4 ZA)\WF - LMPRTE
RO E R R i) PIM, “LMP Calculation and Uplift” (20184 18298) &0t
occTo Transmission Operators,JAPAN

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



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

(BE) BARH ) E a2 65

B Three-PartlBiRO—2¢L T, RIREHDEBRORDDIC, BEAERZEiZSE M CRPIME) HF7E.

B RELHERCEEEEROBRELITOLENTHD., E5oNeEiFE NS, Ein LIEARROEIRLTEN
HBHECDFERZE I ENFIEE,

« REWEZ—TEOR N THREIIRCIFHEHEDCHEERDIERZ, MBIBERELL T [aP2+bP+c] (PEESD (MW) o
a. b, ClIFEBHOFFEICEDELEL. ) DTIREEHTRIEID.

« PIMTERUTVWSEERER (F/h) (d. P=0tURBROERIclZEkI 5. —A T &IBEEHNER (A/h) [ &K
HEAHRORBERIENSELREINSERERD.

o I RRERFIEE—BERD Ul 2aP+b I O—IRBEN B NONS—EB (1MW) BAZENMNSEIBRCBEERD
BRZRIBREBAN-TERD.

(AR &4 4] [(FRFERN-T]
(F3/hour) (F3/MWh)
1 cost 1
=aP? +bP +c cost =2aP + b

BIEH >
&H (EE)

/&4 5PN (MW) B{EHHPMIN (MW)




(BE) B T AN T DY R FI42 (1 2) 66

B [SvRUTIARE RBEREIEICEWVT, SIHNOELIEN 1 B ZEUEESOBNBBROEDZEILZ R,

m BRI, TEBRNTOAFERCHIETEIvRITSA G BE () MvMC1EAIEX 0B
DIBINEERD. v RUT5A AIFERNCEBIEESCHBITZRRERER D,

(v ROTIARDES

T BIFEA) v bA—F—H L2 VTV 73, EEOFTREHOSEML L=,
fis (:E) =2 X FoF/MEMBE L LTERBRE IS, ZofEED vy R 774 RS
D, FOHHIZET 5 Mg A2 R,

USRI b, WA B ERIEAS | AT L7 & & 0 B BISO M O Tk A 5
= (kwWh) NSO ZEFICET RS RIT5A4R AEEH (AKW) FEEHIFICIET RS RITSAR
A A
R 1 BERIIE H N R 1 BRI AN
— —
I REER= | o ____._
BRAREMA= _ | _ o ____ > |/ SARITF4
Sy ROTSAR 7+ :
' EHIBIED =0 5E )
e Y mne
LN S SEN[EEE :
1
198 3EE Ak\)Vuz\EE
Qi?%?ﬁ%@ﬁgﬁﬁﬁﬁ HFT) T2 9 EEEHRREERFIREAESEE (BACHIZRENREOENSCETIRHE) MESE (2018428) Lk

0CCTO Tranamiceion Cparrs APAN https://www.meti.go.jp/meti_lib/report/H29FY/000212.pdf



https://www.meti.go.jp/meti_lib/report/H29FY/000212.pdf

(B:38) Bl T AR T BU YR 7 FA42(2,/2) 67

B FEOERCHIIZRFERG ADROLSD. BE (#48) MEMC1BEABERRICH DIENINTIEIR
THhdo
B COr. FIRE ABRIEERFHIZCLOE N TRTELGLL (VB RAREANSVERNGIHZEREE. 2N
MEMSZREITDNV-FIVREBIR (FBEHIERCHIIZRFEBRAEIR) (CRBEFRS.
H A OIS BB
(MEMIBZRET D
R—SFINBEE)
SRR
AkW' | AKW, == ;-A;W-;
L. ! | | Ee
AKWHEHOR) DB == AW O
whTReEsE  LRAIEN 1) T IR C5E
KWh AALAES KWh AALATiS
4F3/kWh 5F3/kWh 63/kWh 7F3/kWh 4F3/kWh 5F/kWH_6/3/kWh) 7F3/kwWh

B E R R
oo rans‘rﬁ.’sﬁinnOpé’mm-:;.rJAp;N o

0CCTO




EEEFN NI EMEREEO>YIORET Fll2 ./ 2) 68

B JOC EFE -REENHERGZERUCRELRERTHOTE. [Hia/\5V BRI IETESrRITS1]
MSEESNDILH. EBE - RIEHHERGHEMBCREFRET . RAEBAOHN RSN EMARERD,

B ZORR. WEMBLRFEBROZEZDOFELIITE, E8E - RMEENERZIARV (TIHZANTEEEED
BIUNHTERL) BENHD. NEDEMIET DD, KETEHUplifte LWOHIEZE=T TV,

BIRA (EEE) 3-Parti&RzFAL\zCo-opt  (FEBE{LDs. SRS EEAMIE - SAEE N AR E RS 88)
H/kWh
N m/wh | B EEBEEEmAkWhIAN) oBRIME |
2z
4 | (2L) :
an FkWh TN AEIITIET B
| Y . SYRYTSAR (HIFEAMHR)
- 4F9/kWh
EEB (fEikH)
F‘%/kWh‘| 6 FIkWh
REE R
5 [ (&) - )
i e BEREA | BRI !
3 =i duw a5t S A = |
HEA ! RIS R HHY I
1 FkWh | OREESEIN !
: — ' UY—ZBENICRAT BT
BAEA L FEOHRE |



EEEFNEUNCEEMEREEO>YIDORET (REEDEDTT)

69

B Uplift(dhiZIMEEDLHEA TESRD. FEAMEOER NS (E, BARUERFESERCENEFLVEDZE I DHLE,
BIMCBVTBUPliftDIERRH S EICDVWTIAFRESN TLBNY, JAEERILICEZE>TLVRLY,

B — 5 TENROESD., IRICEEFEEFZHISMIS(CRIRTS (UpliftZr]gEREDIHST) LRI, M8ETE
O0>ws (SCUC-SCEDO>w/IEEIREDOIY)) DERRZETBIENS., BINDOIATREIMFHZSE(C. upliftd
1R EDAFTENE. BLUEERIEEME(CDVWTEARIEL TLZEELTEW,

| &Er5{y¥y | ELMP (EHiEA)

FEVRFEE R ERRE  (4(C

=550 M

i

e =L AN,

KEE AdIhEIME

[El/RN

xsTEREZEL. EAIC

M 2510

OmEBEN STEET D
A2 FT4THVINEL

20it0
T

& 1orELEOTIERL,
O~ 1(CHIFIZ I
FEERAY(C, PRAE P
(C. EEBNE ia=z00
BUfeCt L&

PIJM®fast-start
A?DD

OBZICGEtERIEE

NEEBEEFNT 2=hZ%0)
(FE. EEREIN SRR

N BN E R E ] CZ|
DAFFB0>9 TRV
&. fast-startiRE g/ E
BRBFRIDIEVEIRICUN
BTN TUORL

BoEE&. FITEMAS(C,
EEE EEENE

12U
OR’U

OBSIGTE ]

X ) EAMmAE T BN E (O]
URCE, JIVEERT B>
o T4ITNECBTET,
EEBEI N S TRt

EDAMLBHIEERZHHSI
WHIFIDEE. AFLED
Uplift&iENHE K% &
IMET BE ORI E Mgz
RTE

2L (R&DEXE)
O’
? STE &R

OmEBEN S TEEET D
12> FT1THEB0




@ B E R R
oo Trans'rgi'sgiunOpeuratm:i.ZAPAN o
0CCTO

(%) BINEREE=TO

SSESA

nF o

/70



(&%)

(ABDT 50 BAROSYIDIBE]

o BARERICEIEUIZT —A(E MIPTHREE(K WV SE=FHREE CTEIT—
HIHEHIRIBIRE R DERRNSRIEL TH DBUEEEFH/ T HIDU
U727 —ATHEER I D2 ENDHD

—IXREOT I TEZH M HERL TOSEHIC, SE=BRFE THixlE
£hl-BHHFRCHDMEIDFEOTREIDTIE
DESERAHIIRA T DRMAZHLTE T DRE. AHREFPANT -5
DHEDMLIHANER

FIEN-T-REUTGTELTH T, fERZHAL RN SETIIROEE 5
REZRELTIK

BINE, RE-RPyT D8, EFUSJPRYIRNIIPEDTKRZL TS,
BIR(E, BRI EEZ DB TAVIINILIED, halsa D1 5E
PAREEITVIANMIL TS

sTEHEY —)\— YIPN\=R ZOXYINZEC(CT DN T - ZEEHKL
RO, FERNCELBAZESNBRBRIEEENHD

N=REWSED, FFRERMLTEINOSYIZIRES
T—ADPDENDIRRELKE THIH N, XY ETIRSEICIDAE R
TYITZ(ENOIESTHD

(79 hTy b 5]

ERERBNS TRV KPIMEYINIIVOERIENMEDDICENET

HEEEIBINL TV

EFIARIRFTINTAIEN®DDEA > T4 =TI RERE L BN, FHEICRFIL

TLOEHINED

BRI, FIKIRGFETFONZED, ESLTHHIFIERERDEED

FrySELTEHTTEN 3

FRORZFIBIET. BNBEEBYEO THDABR THMI 3. sHMmeLT

(IREBDERERD

R=AERBPERNDERBEBIEODEGD - BUZLLE T EE T, FEME- IR

EDAREEICDRND

RFNT(IAG, BATEFHIRELTERIL T 2ONEE THD. HllFY
ZimleERUVBIBEEN S ANB ANTEEDEB DN SN RFILT(IENHS

CETETENMERSRUNMNEZL TS,

S 1oliiiRii= (2023F8H30H) (CHIIDZmIME

/1

o BEEARFIVT(IENOERDZ. STEEREFIZENSRV, INERMECDU

T BRB, BRB, E5BEEZB/ND

BEMENAOTUESO T, BRREEICARFILT(IBEFANBVA L

- STERRBOFHmIEN, RBLICHD BEFEEFERE L 9 BEFEH D,
BEBDENROOBFMZE I 2O TIHMININE

o FERBDICEIZEF/BEHmE RN, BALICHDBIFRIDHTDLL
BEHMEEE

o RIINTAIBLERELLTERICRIN, EROER FEZEZINH TR
WCEEH B RFINTAIAICDWTI(E, FREZ KEUTHDIAT DML LE
BN, £z, BREHIGRA T2 -6, BIRZIHEI TE2R1ER
SEENH TR CODORFINTAIET IR TERVNEZS

o RFNFT(IEZRFESREELT. COECHIT OIS TEENZOTUED.
BABICE RPNFT(IEHDORBEULETETHEDZ DT, BEER%E
BELUTRFINT(IBZRUeBILETEZ1TOE VD le ZERPEDSTEN
BODOTERUNEEI>TVS

[ERHIZORHOOSYIDHZIIIAX]
o AKWOEURWMCDWTAA=INTERV, SOEIGmRmEDBIFR, IRTE
42 WiEmLU CVAMIHEAREDZR B REEDBFRZE L0

o ZHEH. BV EZRHBVNEDSYI BRI R, £ HHAREE
RABVTIEIERLBE THIHRZH VW TEERL. BB TIITUTEAL T,

B ICINTEEDIARTT ZITD

« TSOLBGOIEZENCLL>T. AKWEZENZD T, TOEIBHNFHCHE

o KPIMMEZRIEHIFICKWhUNZEEBURVEREL TIANZEZ TS0
(. BIETIEORICERBILETEMEDRENTHD. 2O T, RiftH
WO T TEAKWHDHMESRZL TLBIETH Do

o REZOuUpliftDiEsm(C. 3PartOEERE . RETERV\EEEDIR
S F B = IEITZREAEIMNIRVNE, COVDEBEENMIINIRTS1—
WCRBAEFT4TEROTUES



Bk

R

h
Transmission Operators JAPAN

0CCTO



