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Module Objectives

ÁStudent will identify the components and uses of 
the pricing mechanism used by the PJM energy 
market.

ÁStudent will illustrate the associations between 
market sellers, market buyers and Locational 
Marginal Pricing.
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Agenda

ÁLocational Marginal Pricing - LMP

ĞDefinition of LMP

ĞLMP Verification & Posting process
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What is LMP?

æ Pricing method PJM uses to:

Ĕ price energy purchases and sales in PJM 
Market

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

æ Physical, flow-based pricing system:

Ĕhow energy actually flows, NOT contract 
paths
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How is LMP Used?

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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LMP Components - System Energy Price
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X System Energy Price

Ğ Represents optimal dispatch ignoring congestion and losses

Ğ Same price for every bus in PJM

Ğ Calculated both in day ahead and real time
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LMP Components - Congestion
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X Congestion Price

Ğ Represents price of congestion for binding constraints

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

ĞWill be zero if no constraints

ÁWill vary by location if system is constrained

Ğ Calculated both in day ahead and real time
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Typical LMP profile around a constraint
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ω LMP is lowest at the uncongested 
side of the constraint

ω LMP is highest just after constraint

ω As location moves further away from 
congested facility, LMP gets closer to 
system energy price (adjusted for 
losses)

ω DFAX

Constrained 

Interface

Energy Flow

SMP + Losses
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Congestion effects on LMP and Revenues

ÁIf you are upstreamof a constraint

ÁCongestion Component is negative

ÁResults in negativerevenues to unit

ÁIf you are downstreamof a constraint

ÁCongestion Component is positive

ÁResults in positiverevenues to unit
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LMP Components ðMarginal Losses
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X Loss Price

Ğ Represents price of marginal losses

Á Calculated using penalty factors 

ÁWill vary by location

Ğ Calculated both in day-ahead and real-time

10/18/2011



Transmission Losses

ÁReal Power (MW) Losses 

ïPower flow converted to heat in transmission equipment

ïHeat produced by current (I) flowing through resistance (R)

ïLosses equal to I2R

ïIŜŀǘ ƭƻǎǎ ǎŜǘǎ ǘƘŜ άǘƘŜǊƳŀƭ ǊŀǘƛƴƎέ ƻŦ ŜǉǳƛǇƳŜƴǘ
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Penalty Factors Effect on Dispatch

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

Á This factor is called the Loss Penalty Factor, or Penalty Factor

öö
÷

õ
ææ
ç

å

D

D
-

=

i

L

i

P

P
Pf

1

1

Á The Penalty Factors adjust the incremental cost of each generator 

so as to include the effects of losses

Á Penalty factors applied to each and every location

Ğ Including generation, load, virtual transaction

Change in Losses

Change in Unitôs MW Output
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Penalty Factors Effect on Dispatch

Á If an increase in generation results in an increasein system losses then:

ĞPenalty factor is greaterthan 1

ĞUnits offer curve is adjusted higher 

ÁUnit offer curve is multiplied by penalty factor

ÁUnit looks lessattractive to dispatch
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Penalty Factors Effect on Dispatch

Á If an increase in generation results in a decreasein system 
losses then:

ĞPenalty factor is less than 1

ĞUnits offer curve is adjusted lower

ÁUnit offer curve is multiplied by penalty factor

ÁUnit looks moreattractive to dispatch

Á¢ƻǘŀƭ [at ǿƻǳƭŘ ǎǘƛƭƭ ŀǘ ƭŜŀǎǘ Ŝǉǳŀƭ ǳƴƛǘΩǎ ƻǊƛƎƛƴŀƭ ƻŦŦŜǊ 
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Marginal Loss effects on LMP and Revenues

ÁIf you are electrically distant from the load

ÁMarginal Loss Component is negative

ÁResults in negativerevenues to unit

ÁIf you are electrically closeto the load

ÁMarginal Loss Component is positive

ÁResults in positive revenues to unit
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Effect on Day-Ahead Zonal LMPs
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LMP Components ðExercise
Describe the characteristics of this generator

17

ÇUpstream or downstream of 

congestion?

ÇDoes congestion increase or 

decrease revenues?

ÇElectrically close or distant from 

center of load?

ÇDo marginal losses increase or 

decrease revenues?
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LMP Components ðExercise
Describe the characteristics of this generator
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ÇUpstream or downstream of 

congestion?

Upstream

ÇDoes congestion increase or 

decrease revenues?

Decrease

ÇElectrically close or distant from 

center of load?

Close

ÇDo marginal losses increase or 

decrease revenues?

Increase
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Ç Congestion Component of LMP
Ç LMPs upstream of a constraint have a negative congestion component

Ç LMPs downstream of a constraint have a positive congestion 
component

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

component

Ç Generators electrically distant from the load have a negative marginal 
loss component
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Summary
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LMP vsDispatch Rate

Dispatch Rate Instruction
Where PJM wants 

The units to be 

loaded economically

LMP Based on actual

loading of each unit
Result

If unitôs donôt move to follow dispatch rate, LMP will not change!
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Dispatch Rate

Definition:  The Dispatch Rate is expressed in dollars per 

MWh, 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.
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Dispatch Rate

The Dispatch Rate is determined by the PJM economic 

dispatch solution as calculated by PJMôs Unit Dispatch 

System (UDS)

Offer Price

MW 

200150100500

$35

$30

$25

$20

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

Dispatch Rate = $25
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Agenda

ÁLocational Marginal Pricing - LMP

ĞDefinition of LMP

ĞLMP Verification & Posting process
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Ĕ Day-Ahead
Ĕ Determined and settled hourly

Ĕ Posted daily at 1600 for next operating day

Ĕ Real-Time
Ĕ Calculated & posted on PJM website at 5-minute intervals

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

Ĕ Integrated at end of each hour (five-minute real-time LMPs) & posted on 
PJM website

LMPs
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Operational Data Page

Á Zonal LMPs are Load-weighted LMPs

ĞCorrespond to PJM Transmission zones

Á Hub LMPs use equal weighting at each bus included in the Hub

ĞWestern Hub most popular

Á Interface LMPs are dynamically weighted based on flow on 

each tie-line of the interface

ĞMore accurately reflects physical flow

Á Aggregate LMPs can be generation or load weighted

ĞCan be requested by LSE or Generation owner

Á 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 Page

http://www.pjm.com/pub/account/lmpgen/lmppost.html
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¬ Reviews following logs:
ÑDispatcher logs
ÑProgram error logs 
ÑLMP 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

Daily LMP Verification Process
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