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Overview

Market application sequence

Mixed Integer Linear Programming optimization
mbalance reserve procurement in IFM

Reliability capacity procurement in RUC

Power balance constraints

Network constraints

State of Charge constraints

Resource Supply Index in Market Power Mitigation
Price formation
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Market Application Sequence

Q/Iarket close (10amD

Market Power Mitigation (MPM-IFM)

unit commitment

energy scheduling

ancillary services procurement

imbalance reserve procurement

energy and imbalance reserve bid mitigation

v

Market Power Mitigation (MPM-RUC)

o additional unit commitment
« reliability capacity procurement
reliability capacity bid mitigation

Residual Unit Commitment (RUC)

e additional unit commitment
Integrated Forward Market (IFM) reliability capacity procurement
e Unit commitment
e energy scheduling
« ancillary services procurement
e imbalance reserve procurement @esun pub”cation (1me
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Mixed Integer Linear Programming Optimization

Input Data

network model

resources and capabilities

bids

demand/VER forecast/uncertainty

outages

network constraints/limits

Security Constraint Unit
Commitment (SCUC)

unit commitment

economic scheduling

power balance constraint

no network constraints
capacity/ramp/energy constraints

Network Analysis (NA)

network
topology

v

‘L power flow

I

losses

loss penalty factors
critical constraints
shift factors
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Security Constraint Unit
Commitment (SCUC)

unit commitment
economic scheduling

linearized power balance constraint

linearized network constraints
capacity/ramp/energy constraints
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Results

e schedules
e awards
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Physical /Virtual
Supply + IRU

Physical /Virtual
Supply

Physical/Virtual
Supply - IRD

A

Imbalance Reserve Procurement in IFM

-~ '* """""""" /
| Upward. IRU
: Uncertainty Physical /Virtual
! Demand + Loss
1 Downward
I . IRD
| Uncertainty
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z ENi,t + z VSi,t = z Li,t + Z VDi,t + LOSSt
i i i i
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2 IRU; ; = IRUR,
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2 IRD; ; = IRDR,
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EN;..q

4 IRU,,

EN;,

IRD;,

v

LEL;; + IRD;; < EN;; < UEL;; — IRU;
EN;; —EN; ;1 < RRU;(EN; ;_1,Tgo) — 4 8 IRU; ,
EN;; —EN;;_4 = —RRD;(EN; ;_1,Tgo) + 4 8 IRD;
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Reliability Capacity Procurement in RUC

A A 5 4 2 [RU;,
i Mw "} IRU,, MW :
Physical Supply Demand e : e
+ RCU RCU Forecast e REN; ¢ T EN;,
B RCU; el RCD;
_ REN; (1 %% v REN; ¢y $ssspry CDy,
Physical Supply EN;, REN;
.| IRD;, .| IRD,,
1 > >
Physical Supply t-1 t t-1 t
RCD
Physical Supply v Demand LEL;, + IRD;, < REN; , < UEL; , — IRU; ,
- RCD Forecast ' ’ ' ' '
REN;; — REN; ;1 < RRU;{(REN; ;_1,Tso) — 4 8 IRU;,

REN;, — REN; ;1 = —RRD;(REN; ;_1,Tso) + 4 8 IRD;;
{EN; ;,IRU; ¢, IRD; ;} fixed

Z REN;, = Z(ENM + RCU; ; — RCD; ;) = D;
i i
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Power Balance Constraints

m |[FM

D BNy + D VS =) L+ ) VD +L =>ZAEN"¢+ZAVS"¢ Abie  NTAVDie
LT g e T g e L R R0 = /TP, LuLPF,, L LPF,, ZuLPF,,
[ A L l L L l L

m RUC
ARCU; , ARCD;
Z(ENM + RCU;; —RCD; ;) = Dy = z o z Gl
; i LPF;,t i LPPz,t
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Network Constraints

m IFM

LFLy¢ < Fipt S UFLyy = LFLyyy < Fppe + z(AENi,t + AVS;; —AVD; s — AL; ) SFymye < UFLpy .
i
LFLy; < E8) < UFLy, ;= LFLY, < E®) + Z(AENM + AIRU; ¢ + AVS;; — AVD; ; — AL; ;) SFymy < UFLY, =
i

LFlLpy, < FEpe + Z (AENM +IRU;; + AVS;; — AVD; ; — AL; , + DF IRURt) SF;mt < UFLp, ,
i

LFLyy < FSY < UFLy, = B + Z(AENM — AIRD;; + AVS;; — AVD; ; — AL; ;) SFypn < UFLD, =

l

LFLye < Fry + Z (AEN; — IRD; . + AVS;, — AVD; . — ALy — DF® IRDR;) SF; s < UFLp,,
i

m RUC
LFLyy < FY) S UFLy,, = LFLY), < EO) + Z(ARCUH — ARCD; ) SFy s < UFLY,
i
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State of Charge Constraints

m |[FM x RUC
S0y, = S0Cyy = (N + i EN[,”)
0 <EN <u;, UEL';,
(1—w,) LEL;, <EN) <0
EN;, = ENS + EN'

SO0Ci¢—1 —RU;t —SR;¢ — NR;y — IRU;y =2 SOC;, SOC;t_1 — RU;; — SR;; — NR;; — IRU;; — RCU; , = SOC;,
SOC;—1 +n; (RD;¢ + IRD;) < SOC;, SOC;_, +n; (RD;; + IRD;; + RCD;,) < SOC;,

(W) _ (W) (+) (-)
50C;,” = S0C;,”, — EN;,” —n; EN;” — ARU RU; = SOC;,

d d _ -
Socift) - Saciftﬂl _ ENl.fj ) — ENift) +n; ARD, RD;, < SOC;,

CF RU;; < —LCL;; — RD;;
CF RU;; < max(0,—LEL;)
CF RD;; < UCL;; — RU;;
CF RD;; < min(0,UEL;,)
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Resource Supply Index in Market Power Mitigation

n IFM SCF;m,. = —min(0,SF; ;) min(UCL;, — RU;; — SR; — NR;, UEL; ;) N
. WCime =SCFimt — SCFim ¢
SCFime = —W;¢ mln(O,SFi,m,t) max(LCLi,t + RDi,t,LELi,t)

DCF; e = —min(0,SF; ;) EN;; RSy, = ( Z SCFim¢ + Z @mt> / z DCF; ¢

lEFCSmt lEPPSmt

DCFY, = —min(0,SF, ) (ENy; +IRU;;) RS =( Z SCF s + z ﬂmt> / Z DCF,

lEFCSmt lEPPSmt

d . d d
DCF'? = —min(0,SF; ) (EN;z — IRD;;) RSIS) —( Z SCFy e + Z SCFlmt> / z DCE@,

lGFCSmt lEPPSmt

E RUC SCF;m: = —min(0,SF; ;) min(UCL;, — RU;; — SR; — NR;; — IRU;;, UEL;, — IRU )

WC;. . = SCF:.,, — SCF,
SCF; e = —wie min(0,SF; ) max(LCL;, + RD;; + IRD;y, LEL; ; + IRD;.) Lt bt ===t

DCF; ¢ = —min(0,SF; ;) (EN;; + RCU;; — RCD;;) RSLy, = ( Z SCF;m: + z ﬂi,m,t> / Z DCF; 1 ¢
i

{€FCSm ¢ {€PPSy ¢
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Price Formation

AEN; , AVS;, AL; AVD;, .
_ LPF;, ZuLPF,, ZiLPF,, ZJ.LPF, t
L l A l
Z IRU;; = IRUR, Dt
i
Z IRD;; = IRDR, o,
i
z ARCU z ARCD; ;
™ ™ t
- LPE &4 LPE]
Z(AENM + AVS;, —AVD;; — AL; ;) SFyme < by Uy
i
z(AENi,t +IRU;; + AVS;; — AVD; s — ALy ) SFimy < b5 i
i
z(AENi,t —IRDy; + AVS;, — AVD;; — AL; ;) SFypmy < bS8 p{®
i
o . . () (r)
(ARCU;; —ARCD; ;) SFim; < b i,
i
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m

d
= SFime i)
m
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