LocationalMargmal
Pricing (LMP) Overview




F Y Module Ohjective

A Student will identify the components and uses of
the pricing mechanism used by the PIJM energy
market.

A Student will illustrate the associations between
market sellers, market buyers and Locational
Marginal Pricing.
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F Y Agendze

A Locational Marginal PricingLMP

G LMP Verification & Posting process
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What is LMP

& Pricing method PJM uses to:

E price energy purchases and sales in PIM
Market

E price transmission congestion and loss costs
to move energy within PJM RTO

& Physical, flowbased pricing system:

E how energy actually flows, NOT contract
paths
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How is LMP Useq

X (Generators get paid at generation bus LMP

X Loads pay at load bus LMP
X Typically at zone LMP
X Option exists for nodal LMP

X Transactions pay differential in source and
sink LMP

X Congestion
X Losses
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LMPComponentSystem-Energy:Pri

-— Transmission Cost of
— Congestion + Marginal
Cost Losses

X System Energy Price
G Represents optimal dispatch ignoring congestion and losses

G Same price for every bus in PIM
G Calculated both in day ahead and real time
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LMPComponentongestior

System Transmission Cost of
= Ene_rgy Congestion Marginal
Price Cost Losses

X Congestion Price

G Represents price of congestion for binding constraints

A Calculated using cost of marginal units controlling constraints and sensitivity factors
on each bus

G Will be zero if no constraints
A Will vary by location if system is constrained
G Calculated both in day ahead and real time
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Typical LMP profile around@a constr

w LMP is lowest at the uncongested
side of the constraint

w LMP is highest just after constraint

w As location moves further away from
congested facility, LMP gets closer to

system energy price (adjusted for Energy Flow
losses)
w DFAX SMP + llosses

Constrained
Interface
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Congestion effects.on/EMPand Reve

A If you areupstreamof a constraint
A Congestion Component iggative
A Results imegativerevenues to unit

A If you aredownstreamof a constraint =
, . o — A
A Congestion Component i@sitive :;‘___

A Results impositiverevenues to unit
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LMP ComponentsMarginal Losse

System Transmission Cost of
. . :
— Energy + Congestion Marginal
Price Cost Losses

X Loss Price

G Represents price of marginal losses
A Calculated using penalty factors
A Will vary by location

G Calculated both in day-ahead and real-time ‘_.;\“&
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Transmission L0SSe

A Real Power (MW) Losses

PIM©2011

Power flow converted to heat in transmission equipment
Heat produced by current (I) flowing through resistance (R
Losses equal téR
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Penalty Factors/Effect on: Dispeé

A The Incremental Loss for bus used to calculate a factor that can be
used to include the effect of losses in the dispatch

A This factor is called the Loss Penalty FactdPamalty Factor

1
Pfi - - -
a DPL @ ........... Change in LOSSeS
% DR§ """""" Change in Unitds |

A The Penalty Factors adjust the incremental cost of each generator
so as to include the effects of losses

A Penalty factors applied to each and every location
G Including generation, load, virtual transaction
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Penalty Factors/Effect on: Dispé

A If an increase in generation results inianreasein system losses then:

G Penalty factor igireaterthan 1
G Units offer curve is adjusted higher

A Unit offer curve is multiplied by penalty factor
A Unit lookslessattractive to dispatch

1
DP Pfi = - -
0<—=<1 a, DP Q
> 2 et
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Penalty Factors/Effect on: Dispeé

A If an increase in generation results inl@creasen system
losses then:

G Penalty factor is less than 1
G Units offer curve is adjusted lower

A Unit offer curve is multiplied by penalty factor
A Unit looksmoreattractive to dispatch

Ac20Grtf [at @g2dzZ R adaAiaftft G fSIai

Pfi = <1.0
0> DR >-1

PIM©2011 14 10/18/2011



Marginal Loss’effects on' EMP and:-Reve

A If you are electricallgistantfrom the load
A Marginal Loss Componentrisgative '
A Results imegativerevenues to unit

A If you are electricallgloseto the load f— o
A Marginal Loss Componentfissitive é -»‘f\_:)

A Results impositiverevenues to unit
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Effectcon Dap\head ’Zonal LM

Table 2-39 Zonal day-ahead, simple average LMP components (Dollars per MWh): Calendar years 2009 to 2010

2009 2010

Day-Ahead Energy Congestion Loss Day-Ahead Energy Congestion Loss

LMP Component Component Component LMP Component Component Component

AECO $41.44 $37.15 $2.03 $2.26 $50 .44 344 61 $2.96 $2.87
AEP $33.44 $37.15 ($2.12) ($1.59) $38.30 $44 61 (4.05) ($2.26)
AP $37.80 $37.15 5062 $0.03 $44 42 $44 61 $0.06 (0.25)
BGE $42.57 $37.15 $3.33 $2.08 $53.24 $44 61 $5.75 $2 88
ComEd $28.94 $37.15 ($5.09) ($3.12) $33.37 $44 61 (§7.38) ($3.86)
DAY $32 94 $37.15 ($2.77) ($1.45) $37 97 $44 61 (54 74) ($1.89)
DLCO $32.33 $37.15 ($3.37) ($1.46) $37.84 $44 61 (§4.75) (§2.02)
Dominion $40.58 23715 $247 20 96 $51.16 344 61 $5.10 5145
DPL $41.73 $37.15 $2.25 $2.33 $50.80 $44 61 $3.17 $3.02
JCPL $41.36 23715 5182 02 39 $50.21 344 61 $2.59 53 01
Met-Ed $40.35 $37.15 $2.10 $1.10 $48.98 $44 61 $3.13 $1.24
PECO $40.79 $37.15 §1.87 $1.78 $49.58 $44 61 $2.69 $2.28
PENELEC $37.09 $37.15 ($0.10) $0.03 $43.94 $44 61 (0.68) $0.01
Pepco $42 54 $37.15 §3.75 $1.64 $52.94 $44 61 $6.16 $2.18
PPL $39.90 $37.15 $1.88 $0.86 $47 67 $44 61 $2.20 $0.86
PSEG $41.84 $37.15 §2.12 $2.57 $50.89 $44 61 $3.04 $3.24
RECO $40.92 $37.15 §1.47 $2.30 $49 68 344 61 $2.19 $2.88
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LMIP(CompanentsExercise

DescribelthelcharactelisticStofsthisgener

C Upstream or downstream of
congestion?

C Does congestion increase or
decrease revenues?

C Electrically close or distant from
center of load?

C Do marginal losses increase or
decrease revenues?
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LMIP(CompanentsExercise

DescribelthelcharactelisticStofsthisgener
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C Upstream or downstream of
congestion?

Upstream
C Does congestion increase or
decrease revenues?

Decrease
C Electrically close or distant from
center of load?

Close
C Do marginal losses increase or
decrease revenues?

Increase




Summan

¢ Congestion Component of LMP
¢ LMPs upstream of a constraint have a negative congestion componen!

¢ LMPs downstream of a constraint have a positive congestion
component

¢ Marginal Loss Component of LMP
¢ Generators electrically close to the load have a positive marginal loss

component
¢ Generators electrically distant from the load have a negative marginal
loss component
SUMMARIZE

+ Sum It Up

+ Give Me The
Short Version

|
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LMPvs Dispatch-Rat

Where PIJM wants
The units to be
loaded economically

Based on actual
loading of each unit

| f unitodos donot move to foll ow di

Dispatch Rate m
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Dispatch-Rat

Definition: The Dispatch Rate is expressed in dollars per
MWHh, calculated and transmitted to each generator to direct
the output level of all generation resources dispatched by
PJM based on the incremental offer data which was
previously received from the Generators.

s
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Dispatch-Rat

The Dispatch Rate is determined by the PJM economic
di spatch solution as <calcul at
System (UDS)

$35
$30
Offer Price $25

$20

Dispatch Rate = $25

0 50 10N30 200

MW Economic Basepoint

The Economic Basepoint is the MW value sent to the generating unit
that indicates to what level the unit should be loaded based on the
economic dispatch solution and the units incremental price curve
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F Y Agendze

A Locational Marginal PricingLMP
G Definition of LMP

& LMP Veriicaton & Posting proces:
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LMPs

E DayAhead
E Determined and settled hourly

E Posted daily at 1600 for next operating day

E ReaiTime
E Calculated & posted on PIJM website anthute intervals

E Based on actual operating conditions, as described by State Estimator

E Integrated at end of each hour (fivainute realtime LMPSs) & posted on
PJM website
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Operational Data: Pa

A Zonal LMPs are Load-weighted LMPs
G Correspond to PJM Transmission zones

A Hub LMPs use equal weighting at each bus included in the Hub
G Western Hub most popular

A Interface LMPs are dynamically weighted based on flow on
each tie-line of the interface

G More accurately reflects physical flow

A Aggregate LMPs can be generation or load weighted (,.
G Can be requested by LSE or Generation owner E'ﬂ

=3

A Detailed definitions of Zones, Hubs, Interfaces, and Aggregates can be
found at pjm.com by accessing > Markets > Energy > LMP Model
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Operational Data:Pa

http://www.pjm.com/pub/account/Impgen/Imppost.htmi

PJM Operational Data

This is provided for informational purposes ONLY and should

not be relied upon by any party for the actual billing values.

Data Last Updated

| Thu Jul 30 13:32:20 EDT 2009 I

@O ~ [ &) nttp:/rvwwnw.pim.com/

<[ 4] x || Goagle )

Links g | Customize Links

% & |@PM-Home

B

Announcements & News Releases

Date

06.26.2009 PIM Board Statement Regarding Dem....
05.15.2009  PJM Clears the 2012/2013 RPM Forw.

05.06.2009 Region Ready for Hot Weather Powe. ..

(R ~ = v [ Page v {GJ Tools v,

about pjm training committees & groups markets & operations ‘ documents

planning

FOCAL POINTS
5 P - Smart Grid
Operating: fair and efficient markets e e St CeiiTe
benefits and features
:{' Renewables Dashboard
See how PJM is working to bring
renewable energy to the grid
2009 EPRI-PJM PHEV Summit
Learn more about Electric Vehicles
iT Value Proposition
ies Offer Regional Savings

QUICK LINKS
O Site Updates
3 eSuite Login

je Proposition
3 Efiirgency Procedures
o

L]

Upcoming Meetings

Title Location

The Chase Center
on the Riverfront

The Chase Center
] on the Riverfrs

05.01.2009 P Named One Of Nation's Best Ad.

07.31.2009

8080808¢

5 Minute
Nome e Vi | Ty

LMP
PIM ZONE | 372| 321
i ZONE | 362 343
PE ZONE | 354| 336
PL ZONE | 342 326
BC ZONE | 33.0] 335
bc ZONE | 362 342
ME ZONE | 348 328
PN ZONE | 323| 314
PEP ZONE | 772| 339
|AE ZONE | 36.6/ 345
DPL ZONE | 364 343
laps ZONE | 348 316
RECO ZONE | 35.8] 34.1
lcoMED ZONE | 30.1] 289
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Daily LMP Verification Proc

- Reviews following logs:
N Dispatcher logs
N Program error logs
N LMP results for each interval

- Recalculates or replaces LMPs, as required

® Notifies Market Settlements LMPs are verified & ready to use in
accounting

Posts verified hourly LMPs for previous operating day on PJM website
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